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Overview of project work and outcomes

Non-technical summary

The coastal zones in East Asia and the Pacific have been subjected to various
pressures resulting from natural climate variability and anthropogenic activities.
Increased environmental loads (e.g. sediments, nutrients) from adjacent watersheds
are of particular concern because of their deleterious effects on coastal habitats (e.g.
seagrasses, coral reefs). Timely and accurate detection, understanding and prediction
of coastal environmental changes are crucial for management and decision-making to
address possible resource conflicts and value trade-offs. However, information and
analysis tools are still far from ideal. In managing coastal resources, the complex
interactions between social, economic and environmental systems comprising the
coastal zone must be considered. Global/regional phenomena (e.g. global climate
change) should also be considered to achieve sustainability in the management and
utilization of coastal resources in the short term and long term. Effective management
also requires collaboration between researchers, policy makers and the community. A
need exists to link science and decision-making stressing the continuum of expertise
from basic science to applied science to policy, governance and management. This
Project aims to strengthen present and future coastal observational (in-situ &
space-based) and modelling capabilities and decision-making process by developing a
region-wide, collaborative strategy for data exchange and analysis among coastal
scientists and managers.

Objectives

The overall goal of this Project is to apply understanding of the causes and
consequences of present and future environmental change in tropical coastal
ecosystems in management decisions. The specific objectives of the Project are to:

1. Produce an accurate set of multi-date coastal resource information within the
region particular to needs of managing coastal zone changes and sufficiently
consistent to allow for comparison among systems in the East Asia and Pacific
Region;

2. Provide an understanding of the driving/forcing effects of
socio-economically-induced changes (urbanization, population) on environmental
loads to the tropical coastal ecosystems;

3. Assess human welfare impacts of changes in coastal resource systems in terms of
social costs and benefits with respect to different management strategies.

4. Strengthen the network of, and reinforce linkages among coastal scientists and
managers thru shared expertise and resources; and

5. Develop capacity building through workshops on standardized methods of
processing various data (e.g. remotely-sensed data, socio-economic surveys).

Amount received and number years supported
2006/07 and 2007/08: USD 45,200 (80% of the Total Grant for two years). The
remaining 20% will be given after completing all project requirements.

Activities undertaken

Ishigaki Island (Okinawa, Japan):

Several field surveys have been conducted in Ishigaki Island, more specifically in
Shiraho Reef and in the adjacent watershed area, the Torodoki watershed. Various
types of sensors were deployed in the reef flat to characterize reef hydrodynamics and
to investigate and model the fate of sediments and nutrients, especially during
typhoon period. Water samples were collected and analyzed both in the reef and in
several stations in the river for suspended sediments, chlorophyll-a and nutrient
concentrations. The spatial and temporal distributions of microalgae in the reef were
also assessed. For longer-term study, turbidity and other sensors were deployed at
two stations in the reef. Sediment and nutrient discharge from Todoroki River are
continuously being monitored together with meteorological variables (e.g. rainfall,
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solar radiation). An in situ nutrient analyzer for continuous monitoring of dissolved
nutrients (i.e. nitrate, phosphate). Satellite images (e.g. Landsat TM) covering a
period of about 20 years (around early 1980s to 2003) were processed to produce
land cover maps covering Ishigaki Island (and other nearby islands) and benthic
habitat maps of Shiraho Reef and Sekisei Lagoon. A socio-economic survey using
questionnaires and interviews was conducted to ascertain demographic
characteristics and migration patterns. For understanding sedimentation history and
for estimating long-term rates of sediment discharge, several sediment core samples
were taken.

Puerto Galera (Philippines):

Field surveys on hydrodynamics and water quality were conducted in Puerto Galera to
characterize flow regimes in the bay and adjacent open waters and also changes in
water quality (e.g. nutrients, turbidity/suspended sediments). Several data-logging
type sensors were deployed throughout the bay and in stations outside the bay.
Numerical modelling and simulation have been performed using the collected data for
calibration and validation. Long-term continuous monitoring of chlorophyli-a,
turbidity, water level, and temperature was also performed. A meteorological station
was set up to monitor rainfall, wind velocity, solar radiation, atmospheric pressure, air
temperature and humidity. This is crucial in understanding long-term and seasonal
variations of these parameters in the bay. A social survey was also conducted to
assess the local community’s perception of water quality and its management in
Puerto Galera. This is important in formulating socially-acceptable measures for the
improvement of water quality that can potentially lead to more effective programs.
The data collected through the aforementioned activities are critical for the integrated
modeling of coastal ecosystem. Satellite images (i.e. ASTER, Landsat and IKONOS
imagery) have been processed to ascertain land cover change and the spread of built
up areas in Puerto Galera. This is valuable in assessing human impacts in this rapidly
growing tourist destination. Benthic cover information was extracted from these
images but only for relatively shallow areas. To obtain sufficient spatial coverage,
results from habitat mapping using video towing technique will be used.

Bolinao, Pangasinan (Philippines):

Last November 2007, a field survey was conducted in the Bolinao Reef Complex to
characterize hydrodynamic and water quality in the area. Of particular interest is the
influence of the dense fish cage structures (located in a narrow channel) on the water
quality in the channel and in the nearby reef areas.

Fiji and Samoa:

An intensive field survey was conducted in Votua Reef (Coral Coast, Fiji) to
characterize the fate and transport of sediments from the adjacent Votua watershed
using data-logging sensors and sampling techniques. Monitoring of water and
sediment discharge in Naboutini and Votua watersheds in Fiji Islands and in Letogo
watershed in Samoa were carried out. Spectral surveys to characterize reflectance
properties of benthic habitats in the Coral Coast in southern Viti Levu, Fiji and in some
reef area in Upolu, Samoa were also conducted. The data obtained will be used for
deriving benthic cover information from satellite images. Sediment core samples were
taken from major watersheds in Viti Levu, Fiji and Upolu, Samoa. Data from the
analysis of these samples are needed for fine-tuning a regional sediment discharge
model coupled with climate change model.

Regional Sediment Discharge Model:

A sediment discharge model applicable for regional scales and large basins has been
developed. The model tentatively called RSDM (Regional Sediment Discharge Model)
incorporates the effects of land cover, soil type, rainfall and topography on the
sediment discharge. The model was coupled with a global climate change model to
investigate potential impacts of the global phenomenon on sediment discharge
characteristics.




Dissemination:
For disseminating activities and sharing research findings, several workshops were
held:
= Fiji's Coral Reefs: Systems Approaches to Research and Management
(University of the South Pacific, 30 October 2006). This was co-organized by
the Marine Studies Programme of the University of South Pacific and the
Nadaoka Laboratory in the Tokyo Institute of Technology.
= Alocal workshop held in Puerto Galera (22-23 Feb 2007)
= 2 Regional Workshops held in the Philippines
o Developing an Integrated Support System for Managing Coastal
Ecosystem Change in Tropical East Asia and the Pacific (Marine Science
Institute CS, University of the Philippines, 24 -25 January 2008)
0 Asia-Pacific Regional Training Course/Workshop on the Utilization of an
Integrated Decision Support System in Managing Tropical Coasts
(Puerto Galera Biosphere Reserve, Philippines, 26-30 May 2008)

In addition, the Project participated in the following conferences/symposiums:
= Japan Geoscience Union Meeting 2007 (May 2007, Tokyo, Japan)
= 21% Pacific Science Congress (12-18 June 2007, Okinawa, Japan)
= 9™ and 10" Japan Coral Reef Society (JCRS) Symposium (Okinawa, Japan)

Results

The Project has collected useful data, providing needed information in understanding
reef hydrodynamics and water quality, watershed discharge dynamics, long-term
connectivity between reef and watershed considering the influence of socio-economic
environment. These data serve as baselines for the sites studied. The Project
demonstrated how various data can be processed and integrated using geo-spatial
technologies and modelling techniques. For example, various scenarios on how water
quality in Puerto Galera Bay can be improved were investigated using hydrodynamic
and water quality modeling. The socio-physical survey in Puerto Galera indicated the
people’s varying perception of environmental quality. The RSDM model has a very
good predictive power and is a significant improvement over other regional sediment
discharge models. The model predicted an increasing trend in sediment discharge in
the future as a result of increasing number of heavy rainfall days (=100mm/day).

Relevance to APN’s Science Agenda and objectives

Through collation of historical data and additional field observations, the Project
integrated information from the physical, natural and social disciplines into a cohesive
analytical framework (i.e. spatial analysis and numerical modelling) to establish
major environmental changes, linkages, patterns, and short- and long-term trends
within and among the human and natural systems of tropical coastal environment in
East Asia and the Pacific. Specifically, the Project focused on sediment and nutrient
regime in inland and shallow marine coastal systems. The framework included a
global and regional component in order to understand the influence of global climate
change on local conditions affecting sedimentation and nutrient delivery.

Self evaluation

The project have conducted activities covering both physical-chemical-biological and
socio-economic aspects of the coastal environment. The Project has brought together
a number of collaborators, forming an initial network for further studies. Results of
various component research were disseminated in workshops participated in by
researchers, managers and local community representatives. Overall, this Project
enhanced and promoted a better understanding of the tropical coastal environments.

Potential for further work

The environmental issues tackled by the Project are issues needing particular
attention in most coastal environments. The methodological framework developed is
applicable in most if not all coastal areas in the West Pacific region. The collaboration
resulting from this Project is continuing and the prospects of collaboration with other
research institutions are promising.
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Technical Report

Preface

The coastal environment, being home to majority of the population, is continuously
beset by various threats including sedimentation and eutrophication. These processes
are aggravated by anthropogenic activities. They are also occurring against the
backdrop of global climate change, which exerts significant influence on the processes.
To properly address coastal environmental problems, it is necessary aims to
strengthen present and future coastal observation (in-situ and space-based),
modeling capabilities in support of decision-making process. In this light, the project
was conceptualized to provide decision support tools for managing the complex
tropical coastal environment. The project emphasizes the importance of
environmental monitoring and modelling of developing a region-wide, collaborative
strategy for data exchange and analysis among coastal scientists and managers. This
report presents the case studies demonstrating the utility of various tools such as
bio-physical surveys, numerical modeling, remote sensing and geographical
information systems for aiding the decision-making process.
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1. Introduction

The natural and human elements of coastal zones in the East Asia and Pacific (mostly
archipelagic or small island countries) are extremely vulnerable to disturbances
associated with natural climate variability, especially in symphony with anthropogenic
forcing. These disturbances, either as long-term pressures or short-term
perturbations, impact the capacity of the coastal zone to support goods and services.
Increase in environmental loads from adjacent watersheds such as nutrients and
sediments are of particular concern because of their deleterious effects on coastal
habitats (mangroves, seagrasses and coral reefs). Increased soil runoff and nutrient
mobility is aggravated by expanded habitation and by various resource exploitation
practices (agriculture, forest-cutting, industries, infrastructure) that diminish their
natural retention or elimination during their downstream passage from hydrologic
(river networks or underground) to hydrodynamic pathways. Therefore, the ability
to detect, understand and predict changes in the coastal environment in a timely and
accurate manner is crucial for management and decision-making, which seeks to
address possible resource conflicts and value trade-offs. However, information and
corresponding analysis tools to accomplish this forecasting task is still far from ideal.

Hydrologic Systems Hydrodynamic systems

- Estuaries

Goods and Services

Terrestrial
ecosystems
- *Human subsystem
. eHabitation
~eActivities

nvironmental

-Nutrients (N&P)
-Sediments

Figure 1. Concept of linkages among tropical ecosystems in a changing coastal
environment: in terms of drivers, impacts and responses and role of
science and local management.

Coastal zones contain complex interactions between social, economic and
environmental systems (see Figure 1). Management of coastal resources requires
consideration of these complex interactions including the impacts of use and
management decisions on the overall sustainability of the coastal resource utilization.
Effective management also requires collaboration between researchers, policy
makers and the community. While numerous national and international organizations
have already established research and monitoring programs that involve acquisition
of physical, natural and socio-economic data by way of in-situ measurements, remote
sensing observation and social weather surveys, most of these programs target either
marine, coastal or terrestrial environments and communities or any combination, but
rarely encompassing all. Thus, present investigative efforts are narrow, lacking or
produce results that are incompatible for enabling understanding of interrelationships
across systems. There is a need therefore to link science and decision-making
stressing the continuum of expertise from basic science to applied science to policy,
governance and management.



Objectives

This Project aims to strengthen present and future local coastal observational (in-situ
& space-based) and modelling capabilities and decision-making process by
developing a region-wide, collaborative strategy for data exchange and analysis
among coastal scientists and managers. The Project envisions production of
user-friendly tools capable of hind-casting development patterns and for building
scenarios to explore various management options.

The overall goal of this Project is to apply understanding of the causes and
consequences of present and future environmental change in tropical coastal
ecosystems in management decisions. The specific objectives of the Project are to:

a. Produce an accurate set of multi-date coastal resource information within the
region particular to needs of managing coastal zone changes and sufficiently
consistent to allow for comparison among systems in the East Asia and Pacific
Region;

b. Provide an understanding of the driving/forcing effects of
socio-economically-induced changes (urbanization, population) on
environmental loads to the tropical coastal ecosystems;

c. Assess human welfare impacts of changes in coastal resource systems in terms of
social costs and benefits with respect to different management strategies.

d. Strengthen the network of, and reinforce linkages among coastal scientists and
managers thru shared expertise and resources; and

e. Develop capacity building through workshops on standardized methods of
processing various data (e.g. remotely-sensed data, socio-economic surveys).

2. Materials and Methods

In line with the project’s objectives, several studies were carried out in several study
sites in Japan, Fiji and the Philippines. These sites together with the specific research
objectives are described in section 2.1 Study Site and Objectives.

In the section Methodological Framework (section 2.2), the overall methodology
generally adapted for each study site is presented. This includes brief descriptions of
the specific tools comprising the methodological framework. As a particular study site
is different from another, particularly in terms of the existing environmental
conditions and issues addressed by the corresponding study, detailed descriptions of
methodology for each study site are also presented in subsequent sections.

2.1 Study Sites and Objectives

2.1.1 Puerto Galera (Oriental Mindoro, Philippines)

Puerto Galera Bay is located in the northern tip of Mindoro Island, Philippines, as
shown in Figure 2. A natural harbor with an area of 4.2 km?, it abounds with rich
biodiversity in tropical marine flora and fauna including coral reefs, seagrasses and
mangroves. It has attracted much attention as a biological study site and is regarded
as one of the most attractive dive spots in the Philippines. In mid-1930’s, a marine
biological station was established here by the University of the Philippines. Since then,
scientists have recorded 121 reef fish species belonging to the families Pomacentridae
(140 species), Pomacanthidae (five species) and Chaetodontidae (15 species). It
harbors nine of 16 seagrass species in the Philippines, 19 of the 40 mangrove species
in the country (dominated by Rhizopora apiculata, Avicennia officinalis and Avicenia
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marina) and 152 of its 400 coral species, including the rare hard coral, Anacropora
puertogalerae. The bay houses a giant clam garden which at present is a tourist
destination. In 1977, this area was desighated as a Man and Biosphere (MAB) Reserve,
an international recognition given by the United Nations Educational, Scientific, and
Cultural Organization (UNESCO) for its priceless importance worldwide in the
preservation of the natural environment and conservation of biodiversity. Recently,
Puerto Galera Bay has been declared the 32" most beautiful bay in the world by a
European—based advocacy group. The location of Puerto Galera Bay is in the middle of
Verde Passage that connects two seas, hamely, the South China Sea on the West and
Sibuyan Sea on the East side (Figure 2). Recently, many environmentalists claimed
that the passage owns a variety of marine inhabitants and can be called “the center of
the center” of global marine diversity (Carpenter, 2005). This fact draws attention
from both national and international tourists to frequently visit that boost up the
tourism industry replacing the traditional fishing as a livelihood of the locals (Cola and
Hapitan, 2004).

Figure 2. Location of Verde passage and Puerto Galera, The Philippines.

To accommodate development of tourism industry, the local populations also sharply
increase due to migration from nearby towns. Demands of growing population and
influx of visitors in the recent years have compelled citizens to resort in unregulated
development activities (Fortes, 1997). Along shore establishments without waste and
wastewater treating system are common in this area. (Bio-social survey of the coastal
waters of Puerto Galera, Mindoro Oriental, 1984). There are 13 villages, 12 of which
are coastal, in Puerto Galera. Half of the coastal villages rely on tourism-based
activities for sustenance (Cola and Hapitan, 2004). Among numbers of scattering
groups of establishments, there are three big communities situated at the sea fronti.e.
White Beach, Sabang, and Muelle, see Figurel. White Beach located on the west side
of the lagoon is famous for long straight beach and affordable accommodations.
Sabang, located next to the lagoon, is famous among foreign tourists for its night life
activities, lineup of restaurants and diving shops along the beach. Muelle, dominated
by the residential area of local people, is the only big community inside the lagoon
(Book of Puerto Galera Facts, 2002). Since Muelle cove, the inner most part of Puerto
Galera lagoon, is a wave-hindered area and almost current-free, it is the oldest and
busiest port around this area. There are number of yachts anchored in this area
through out the year. The weak current around Muelle was thought to be insufficient
for the self purification from the water pollution, coupled with the anthropogenic
environmental loads, this make Muelle cove to be the most vulnerable place subjected
to water quality degradation. It has been discussed recently that the water quality
here has been severely deteriorated. Since the 1970’s, studies undertaken in the bay
have largely been biological in nature (Fortes 1986; Licuanan 1991; Rollen and Fortes
1991; Atrigenio and Alino 1996). On the other hand, studies on physical
environmental studies are few, although physical processes are essential in the
functioning of geological and biological processes in reef environments (Robert 1975;
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Wolanski et al. 1983; Roberts et al. 1988, 1992; Yoshioka and Yoshioka 1989; Black
1993; Kench 1998), and hence in addressing the environmental conservation and
development issues.

In recent years, however, there has been an increase in polluted water inflow into the
bay brought about largely by: (1) poorly constructed sanitation and household
facilities, (2) natural runoff from the hillsides associated with the tourism
development and (3) closure of the sand bar (Figure 2). The environmental
deterioration, evident in the significant decrease in water quality within the bay, is
aggravated by its geographic characteristic, which limits seawater exchange inside
the bay with the open sea. San Diego-Mcglone et al. (1995) describes the flow field
within the Puerto Galera bay as tidally dominated, particularly in its northern half
portion. During flood conditions, seawater enters the lagoon through the Northwest
Channel and simultaneously flows out through the North Channel; during ebb
conditions, the flow direction is reversed (Figure 2). Also the rate of seawater
exchange at the interior part of the bay is extremely low as compared with that of
northern portion. However, the main topic of their research is temporal and spatial
variability of the nutrients within the bay, and it is difficult to find studies dealing with
the detailed mechanism of tidal flow circulation in the bay. There may have been a few
studies undertaken in the bay but these are largely undocumented.

Concerned about the seriousness of this problem, the local government is currently
preparing a coastal management plan, which includes water quality improvement
especially in the bay, with the possibility of re-opening the sand bar. To mitigate the
foreseeable water quality problems, the final target of this research is to develop a
decision support tool to promote proper management by local government units
based on scientific study. As part of the study, the Project has attempted to clarify the
hydrodynamic and bio-chemical environments of Puerto Galera lagoon and its
relationships with the adjacent coastal waters. For this purpose, we conducted a field
observation coupled with state-of-the-art numerical model to reproduce the
circulation inside and outside PG lagoon. Water quality model describing the
bio-chemical conditions of the lagoon water were computed using the data from
hydrodynamic model. The model was run in various scenarios to find the most
effective way to mitigate water quality problem at area close to Muelle pier.

2.1.2 Bolinao (Pangasinan, Philippines)

Bolinao is located along the northwestern coast of Luzon Island in the Philippines
(Figure 3). It is one of the 16 municipalities surrounding the entire water body of
Lingayen Gulf. It is connected to the South China Sea through the western part of the
Luzon Sea. Bolinao is known as one of the top producers of milkfish which is an
important food fish and aquaculture commodity in the Philippines. The culture of
milkfish in Bolinao started in the early 1970’s through brackish-water fishponds. In
1995, the culture of milkfish on brackish-water fishponds was expanded to coastal
water through the use of fish pens and fish cages. Since then, fish pens and fish cages
have increased around the south part of the Santiago Island, Bolinao.
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Figure 3. Location of study area (blue square- Lingayen Gulf, red oblong- Bolinao Reef
Complex) and benthic habitat map of the Bolinao Reef Complex.

13



The north part of Santiago Island, on the other hand, is surrounded by typical fringing
reefs. The reef flat along Santiago Island was approximated to occupy an area of 32
km2. The habitat map of the reef complex is shown in Figure 3. The back reef areas
are dominated by seagrass beds and sandy substrate. Most of the corals and rocky
substrate are found on the outer fringes of the reef. There are three channels in the
west, north and east of the reef area connecting the reef area to the outer sea, and
these channels may govern water exchange between areas. The reef is considered as
one of the major open fishing grounds in Bolinao and provides a resource and
livelihood base to coastal inhabitants.

The uncontrolled milkfish culture such as the high feeding input and the proliferation
of fish cages and pens have contributed to the deterioration of the water quality. The
number of fish pen and cage structures in the area increased from 242 in 1995 to
1170 in 2001, contributing to the nutrient enrichment in the area. The nutrient
enrichment leads to the excessive growth of algae at the water surface and the onset
of hypoxic and anoxic conditions in the bottom water. As a consequence of the
depletion of dissolved oxygen, a massive milkfish kill took place, incurring a loss of
approx P500 million in 2002. To date, a recent fish kill incident happened again in the
area in June 2007. At least P100 million worth of milkfish went belly up during the
recent fish Kill. Also, exposed to various anthropogenic disturbances and exploitations,
it was estimated that about sixty percent of corals in Bolinao reef complex had been
destroyed and some of which are already far beyond recovery. Milkfish culture is also
considered as one of the major causes of the destruction of corals, since it had
contributed to the deterioration of the water quality not only in the aquaculture area
but also in the reef area.

Previous Research
Many studies have been done on hydrodynamic and water quality characteristics
around Santiago Island over the years.

B Nutrient concentration in Bolinao waters has been increasing which has been
attributed to the increase in fish pens and fish cages. However, significant decrease
in nitrate and nitrite has been observed between 2002 and 2003 which was parallel
to the decrease in fish pens and fish cages due to a massive milkfish kill. On the
other hand, ammonia, a more reduced form of nitrogen was higher in 2003 which
implicates a low oxygenated environment that favors its formation that can be
contributed to continued build up of decomposing products (fish feeds) and other
organic materials. (Azanza et al. 2006)

B The death of milkfish was clearly the result of lack of oxygen mostly from the
collapse of the algal bloom. The optimal level of dissolved oxygen is about 5 mg/I
for milkfish growth in tropical waters. The observed dissolved oxygen during the
fish kill was 2.1 mg/l in 2002. (Azanza et al. 2005)

B Inflow into the reef flat is through a number of surge channels cutting across the
outer reef crest although a significant volume of water spills over the reef crest
driven by the wind and spilling waves (Villanoy 1998).

B The circulation around the Bolinao reef system results from the interactions of
several significant factors including wind, tidal forces and complex bathymetry.
The combined wind and tide driven circulation patterns show areas with persistent
current directions even with the changing tides. During the flood and ebb cycle,
some areas within the reef system do not exhibit complete current reversals.
(Salamante 2007)

B Areas along the eastern side of Santiago Island reef flat is a potential site for
breeding ground. With the area being dominated by dense seagrass beds and its
high probability of retaining the larvae for more than a week makes the area an
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effective candidate for establishment of marine protective zone. (Salamante 2007)

Research Objectives

This research encompasses various aspects (e.g. physical, chemical, biological) of the
coastal environment around Santiago Island to identify milkfish culture impacts on
the coastal ecosystem and mechanism of massive milkfish Kills.

The specific objectives of this study are:

1. To collect substantial field data for a subsequent numerical simulation of
hydrodynamic and water quality in order to assess the carrying capacity of marine
water around Santiago Island.

2. To identify physical environmental characteristics of the marine water around
Santiago Island in order to describe the hydrodynamic and polluted water
transport processes.

3. Toidentify temporal and spatial variation of water quality and evaluate impacts of
milkfish culture on water quality around Santiago Island.

2.1.3 Shiraho Reef and Todoroki Watershed (Okinawa, Japan)

Shiraho Reef is a well-developed fringing reef with typical topographic features such
as moat, reef pavement, reef crest and reef edge (Kayanne et al. 1995). The average
water depth in the moat is about 2 meters. Four channels exist in the reef area,
namely, ‘Tooru-guchi’, ‘lka-guchi’, ‘Moriyama-guchi’ and ‘Bu-guchi’ (Figure 4).
Tooru-guchi, the biggest channel, has an average depth of 20 meters and penetrates
deeply into the reef. Tooru River drains towards Tooru-guchi channel. The typical flow
circulation pattern (tide-averaged velocity) in the reef was described in detail in the
work of Tamura et al. (2007). Flow pattern near Todoroki River mouth indicates that
current is directed northward and water flows towards Moriyama-guchi and also
further northwards to Tooru-guchi. The influence of Tooru on the reef is
spatially-limited due to the strong converging currents toward Tooru-guchi in the
northern part of the reef and subsequent flow offshore. Flows in and near
Moriyama-guchi and lka-guchi are mostly directed offshore. Suspended particles
from Todoroki River mouth can be transported towards Tooru-guchi based on particle
tracking simulation results (Tamura et al. 2007). These flow characteristics can also
have significant influence on nutrient transport in the reef area. In addition to
sedimentation and increased nutrient concentrations attributable to discharge from
Todoroki River, there is also significant contribution of dissolved nutrients delivered
through groundwater discharge into the coral reef. Based on estimates, land-derived
nitrogen through groundwater contributes about 35% of the total nitrogen inputs in
Shiraho Reef (Umezawa et al. 2002).
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Figure 4. The study area: Shiraho Reef (a fringing reef) and Todoroki watershed
(a small agricultural watershed) in the southeastern part of Ishigaki Island,
Okinawa, Japan. Shiraho Reef is divided into northern and southern parts for
analysis purpose. (Image: Landsat-7 ETM+ dated 23 February 2002)

Todoroki watershed is a small (about 10.82 km?) watershed devoted to intensive
agriculture, including livestock farming. Farmland development started in 1979 and
was active until 1982 and after 1984 (Ohgaki and Koike 1992). By 1989, almost half
of watershed had been transformed into farms. To date, the watershed is largely
dominated by farmlands with only minimal ‘forest’ or treed areas remaining. These
farmland developments have fragmented the landscape of Todoroki watershed.
Sugarcane and rice are the main agricultural crops, though pineapple and tobacco can
also be found in some plots. In Ishigaki Island, sugarcane is planted during the Spring
and Summer planting seasons. Grassland and pastureland occupy a considerable
portion of the watershed due to active livestock farming. Fertilizers and animal wastes
are the two prime sources of nutrients discharged from the watershed. Rainy season
in Ishigaki starts in early or mid-May and lasts for about one month, followed by
typhoon occurrences in July to October. During these periods, soil erosion and
potentially excessive discharge of sediments and nutrients onto the adjacent reef area
occur. Todoroki River discharges about 2,240 tons of suspended solids, 71.5 tons of
nitrogen and 6.6 tons of phosphorus annually (Nakasone et al. 2001). Estimates
based on numerical simulation indicated that about 47% (24.13 tons) of detached
sediments (51.34 tons) were discharged through the river outlet considering four
rainfall events in June 2000 (Paringit and Nadaoka 2003).
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2.1.4 Coral Coast watersheds and Votua Reef (Fiji)

In Fiji Islands, two watersheds in the Coral Coast region (southwestern part of Viti
Levu Island) have been monitored: Naboutini watershed and Votua watershed
(Figure 5). Naboutini watershed, which drains into the Somo-somo Bay, is largely a
forested watershed where logging activities are ongoing. Votua watershed is also
forested, however, logging activities stopped more than 25 years ago, though there
are some illegal logging in the upper part of the watershed. Subsistence farming on
slopes can be seen in Votua watershed. Monitoring in Votua Watershed is ongoing. As
an initial step in investigating sediment fate and transport in the Coral Coast fringing
reef, Votua Reef was selected as the site for an intensive survey on reef
hydrodynamics and water quality.

< Votua Reef

Figure 5. Study sites in Coral Coast, Fiji Islands: Votua Reef, Votua watershed and
Naboutini watershed

2.1.5 Sites for Regional Discharge Assessment

Data from parts of Indonesia, Papua New Guinea and the Philippines were used to
parameterize the formulated regional sediment predictor model. Data includes rainfall,
land cover, soils data, topographic characteristics of the basins and sediment load
data. In addition, sediment core samples were taken from around Ishigaki Island in
Okinawa, Japan, from Pampanga River and Laguna Lake in the Philippines and from
Viti Levu and Upolu Island in Fiji and Samoa, respectively.
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2.2 Methodological Framework

With the objective of aiding the decision-making process in the coastal environment,
an overall methodological framework (Figure 6) was formulated, bringing in together
a range of tools including geo-spatial technologies and numerical modeling. It must
be emphasized that it is not a requirement that all this tools be used in supporting the
decision-making process. Depending on the problem at hand, decision to be made
and considering limitations in the available resources, some parts may be skipped or
substituted with simpler methods. Furthermore, the importance of networking among
stakeholders in implementing the methodology must be given prime consideration.
The project promotes networking among various sectors in the locality and also with
external agencies and institutes so that expertise and experiences can be shared and
capacity-building can be enhanced.
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Figure 6. Overall methodological framework of the decision support tool

2.2.1 Field survey/Data collection and analysis

Field surveys conducted under this Project focused on collecting continuous
monitoring data on several hydrodynamic, hydrologic and water quality parameters.
Hydrodynamic variables include water level, wave height, two-dimensional velocity,
and velocity profiles. On the other hand, the water quality sensors monitor
temperature, turbidity, chlorophyll-a, salinity, conductivity, and dissolved oxygen.
The Project utilized an integrated survey methodology consisting of continuous
monitoring using data-logging sensors, water column profiling for water quality and
water sampling. For the vertical profiling of water quality, a multi-sensor instrument
is used, measuring pH in addition to the parameters previously stated. Where needed,
bathymetry surveys are also conducted to produce an accurate bathymetry map of
the study site.

As data on meteorological conditions are very important, the Project set up weather
stations in key study sites (i.e. Puerto Galera, Bolinao, and Votua). These weather
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stations continuously log measurements of rainfall, wind speed and direction, air
temperature, relative humidity, solar radiation and atmospheric pressure.

Secondary data are also collected in the form of maps and tables. Socio-economic
data are also collected using questionnaire and interview surveys. This part of the
methodological framework is exemplified by the socio-physical environmental survey
conducted in Puerto Galera as described later.

2.2.2 Remote sensing and GIS

In assessing environmental status, determining how the bio-physical environment
has changed in both time and space is indispensable. Remote sensing and geographic
information systems (GIS) enables the assessment of environmental changes
through the analysis of synoptic images and related data. In this project, remote
sensing was primarily used in the creation of land cover and benthic cover maps from
satellite images (e.g. Landsat, IKONOS and Quikbird images). Where available,
images covering several years (e.g. up to about 20 years) were processed to
determine temporal and spatial changes in both land and benthic cover. Products
resulting from image analysis (e.g., cover maps) are organized and examined within
a GIS environment. GIS organizes data from various sources and employs statistical
and spatial analysis techniques to examine relationships of variables considering
geographic attributes. GIS is also used to visualize data and analysis results. Field
data, remote sensing and GIS outputs serve as inputs to the modelling stage.

2.2.3 Watershed monitoring and modelling

Watershed monitoring has been conducted in several coastal watersheds under the
APN Project: Todoroki watershed (Ishigaki Island, Okinawa, Japan), Naboutini and
Votua watersheds (Coral Coast, Viti Levu, Fiji) and Letogo watershed (Upolu Island,
Samoa). Rain gages were deployed in the watershed. Water and sediment discharges
were monitored by continuously measuring water level and turbidity using
data-logging type sensors. In Todoroki, discharge of nutrients from the watershed
was monitored by measuring nutrient concentrations in addition to water level and
turbidity. The Project used 2 units of MicroLAB, an in-situ nutrient analyzer, to
monitoring dissolved nutrients (nitrate and phosphate). Periodic grab sampling of
water is performed and samples are analyzed for total suspended sediments, total
nutrients (i.e., TN, TP) and dissolved nutrients (i.e., NO3, NO,, NH,4, PO4, and SiO2).
Watershed modeling is carried out using the Gridded Surface-Subsurface Hydrologic
Analysis (GSSHA) model.

2.2.4 Hydrodynamic and water quality modelling

Modeling of hydrodynamic and water quality in the study sites using Delft3D model.
The Delft3D-FLOW is the hydrodynamic program of Delft3D developed by the Delft
Hydraulics in the Netherlands. This FLOW module calculates non-steady flow and
transport phenomena that could predict water levels, tidal currents and waves
resulting from tidal, meteorological and density forcing. The system of equations in
Delft3D-FLOW comprise of the shallow water equations derived from the 3D
Navier-Stokes equations for an incompressible fluid using the shallow water and
Boussinesq assumptions. The vertical momentum equation is reduced to the
hydrostatic pressure relation. Vertical accelerations are assumed to be small
compared to the gravitational acceleration and are not taken into account. In
three-dimensional models the vertical velocities are computed from the continuity
equation to insure that mass is conserved. The computational scheme is solved on a
finite difference grid through equating a set of partial differential equations with an
appropriate set of initial and boundary conditions. The velocity fields calculated from
the hydrodynamic model were used to simulate the dispersal pattern of particles
released from different point sources within the reef complex. The PART module of
Delft3D was the one used for simulation. This transport model involved tracking the
paths of individual particles as they are carried by the moving fluid. The dispersal of
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substances in a fluid medium is influenced by three processes namely: transport by
water flow (advection); turbulent diffusion/ dispersion; and, decay.

For relatively shallow waters like in Shiraho Reef, the SDS-Q3D model, a shallow
water turbulent model, was used. This model consists of an SDS turbulence model
(Nadaoka and Yagi 2003) and quasi 3-D shallow water equations. By applying SDS
turbulence model, SDS-Q3D model enables to simulate hydrodynamic accurately with
a low computing cost (Nadaoka and Tamura 2001).

2.3 Puerto Galera: Field Observation and Modeling of Hydrodynamic
and Biochemical Characteristics

The field observation was performed from February 22 to March 8 in 2007 at Puerto
Galera Bay in Mindoro Island, The Philippines. The bay is at the middle of Verde
Passage Sea, which connects South China Sea and Sibuyan Sea. The total field
observation time is 15 days, covering 1 lunar cycle from neap to neap tide. The bay is
a typical coastal lagoon adjacent to an outer sea. It has two openings, namely, the
Manila Channel on the Northeast and Batangas Channel on the Northwest (see Figure
2). The Batangas Channel is relatively deeper compared to the Manila Channel. The
lagoon is surrounded by the topographic terrain of Mount Malasimbo. The peak area is
1,400 m above mean sea level and often cloud-covered, which extends into the sea.
This topographic feature creates the Puerto Galera coast line with three main coves.
The innermost cove is Muelle Cove being an oldest and busiest pier for transportation
of locals and tourists. The deepest area of the bay has a depth of about 25 m and is at
the center of the bay. The bay has an opening area of about 3.47x10° sq. m. There is
no river discharge into the bay so that its water to a certain extent has a level of
transparency. The average suspended sediment concentration during field
observation is about 2mg/L. There are three submerged sand bar-like projections,
locally called “plateau”, which are inhabited by a diverse set of coral communities.

2.3.1 Field survey methodology

The field survey was conducted based on three methodologies i.e. 1) the monitoring
at nine stations using bottom fixed deployment and taut-wire moorage system; 2) the
synoptic survey for water sampling and vertical profiling of water properties using
STD-type sensor and Fluoroprobe (an algal fluorometer); and 3) bathymetric survey
using echo sounder. The first methodology was conducted for 15 days to cover one
lunar cycle from 22 February and 8 March, 2007. The second methodology was
carried out once a day for 7 consecutive days between 25 February and 3 March, 2007.
The last survey was performed on 4 March to 5 March, 2007. The overall data
available for this time field campaign are given in Table 1.
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Table 1. Summary of data available from the field survey
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Nine (9) measuring stations were set at the locations indicated in Figure 7 for 15-day
continuous monitoring. Among them, four stations are located close to the shoreline
inside the bay (B1-B4), three stations are at the strong current zone near the channel
(C1-C3) and two stations are outside the lagoon at the northern most and Western
most point. At these measuring stations, except station O3, we deployed moored
buoys for installing various memory-type sensors. The schematic diagram showing
the sensor deployment technique and synoptic survey is given in Figure 8. The water
flow velocities were monitored using electromagnetic current meter deployed at the
sea bottom at stations C1, C2, C3, 02, O3 and, for near sea-surface at station C2.
Salinometers were deployed at stations B2, C2, C3 and 02, close to the surface and
bottom. Thermometers were deployed in every station at sea-surface, 3-meter from
the water surface and half a meter from the sea floor. At about half a meter close to
the sea surface, the chlorophyll-a and turbidity concentration were monitored using
COMPACT-CLW at stations B2, C2, B4 and 0O2. This instrument measured reflected
fluorescent light and infrared back scattering to convert to chlorophyll-a
concentration and turbidity level, respectively. Dissolved oxygen concentrations at
half a meter from the seabed were monitored from station B2 and C2.
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Figure 7. Locations of nine monitoring stations. The stations can
be categorized by their locations; B stations are inside the bay
area, C stations are at the channel and O stations are outside.
Depth contours are in meters

For seven consecutive days, from 25 February to 3 March 2007, synoptic surveys
were performed to collect water samples and to profile the water properties using STD
type sensor and Fluoroprobe. The STD-type sensor used was AAQ1180 (Alec
electronics). The sensor can simultaneously probe the water temperature, salinity,
chlorophyll-a, turbidity, and dissolved oxygen. Fluoroprobe is an instrument that
measures the back scatter of fluorescence of different class of algae after light
excitation. The data obtained show the total concentration of a specific algae class, as
well as the total concentration of algae. In this field survey, the instrument was set to
monitor 4 species of algae (green algae, blue algae, diatom, and cryptophyta) and
yellow substance. The water samples were collected from 0.5 meter from the sea
surface, and 0.5 meter from the sea bottom using a 1 liter modified Niskin sampling
bottle (Yoshino Keisoku Co., Ltd., Japan). After retrieval of the samples from the sea,
the water samples were transferred to the acid-washed bottles and stored in light-free
ice crest.
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Figure 8. Example illustration of a Taut-wire moorage, bottom fixed
deployment, water sampling and water properties profiling.

2.3.2 Water sample analysis

After the daily synoptic survey, samples for dissolved nutrient (ammonium, nitrite,
nitrate, phosphate, silicate) determination were filtered using Whatman GF/C glass
micro-fibre filters (0.4 micrometer), and then were frozen. The water samples were
brought back for analysis in the laboratory in Japan. The analysis of nutrient
concentrations was conducted using a continuous flow wet chemistry analyzer
(TRAACS 2000) that uses a colorimeter to detect changes in color produced by the
presence of the analytes. The nutrient concentration detection range were set to be
between 0.4 and 0.002 mg/L for NH4, NO3+NO2 and PO4; between 0.08 for 0.0004
for NO2; and between 4 for 0.02 for SiO2.

Fifty milliliters of samples for chlorophyll-a analysis were filtered using Whatman GF/C
glass micro-fibre (0.4 micrometer). The chlorophyll-a extraction from the filter follow
the methodology recommend by Suzuki R. and Ishimaru T. (1990), where the
extracting media is N-dimethylformamide (DMF). After the extraction, the samples
were stored in a light-free container and at refrigerated temperature, before being
back for analysis in the laboratory in Japan. Concentrations of chlorophyll-a and
pheopigments in the extracts were determined by the fluorometry suggested by
Strickland and Parsons (1972) using a fluorometer (Tuner Design 10R) equipped with
color filter of 5-60 for excitation and of 2-64 for emission. The chlorophyll-a
concentration detection limit was 0.05 mg/L.

2.3.3 Hydrodynamic simulation

The simulation was carried out using a sigma coordinate system with horizontal
orthogonal curvilinear grid (Figure 9). A well established three-dimensional density
driven flow model, Delft3D-Flow, from Delft Hydraulic-Netherlands, was used in this
study (Delft3D-Flow User Manual, 2004). Table 2 shows the computation conditions
of the hydrodynamic model. Figure 9 shows the horizontal computational grid and
bottom topography derived from the bathymetric survey and additional depth points
outside the lagoon from base map. The meteorological concerned data (e.g. solar
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radiation, air temperature, relative humidity, wind) obtained from weather station,
the location of which is shown in Figure 7. The simulation period was in summer and
for two weeks to cover a cycles of neap and spring tide, from 21 February to 9 March,
2007. At the water surface, the heat exchange is modeled by taking into account the
separate effects of solar (short wave) and atmospheric (long wave) radiation, and
heat loss due to back radiation, evaporation and convection (Murakami et al. 1985).
The bed stress formulation is related to the current just above the bed. There is no
transported flux across the bottom. There is no flow through all close boundaries.

The model was calibrated and validated against hydrographic data from the field
observations. Figure 10 shows the overall agreement between field and simulated
data showing that the numerical model can acceptable reproduce the circulation as
well as water temperature feature of the lagoon.

2.3.4 Water quality simulation

Water quality model was developed in Delft3d-WAQ modeling system environment
(Delft3d-WAQ user manual, 2005). The model composed of 4 compartments i.e.
dissolved oxygen, phytoplankton, detritus nitrogen, detritus carbon. Figure 11 is the
conceptual diagram of the water quality model of Puerto Galera showing the linkage
between each compartment. The transportation of matter and necessary
hydrographic conditions were derived from the calibrated hydrodynamic model. The
initial and boundary condition of the substance in each compartment were obtained
from field observation data. Since there is no available data for nutrient influx from
coastal community, the amount are derived from calibration in order to get the good
agreement of dissolved oxygen, and phytoplankton concentration between surveyed
and simulation. Figure 12 shows model validation with observational data at the
location close to Muelle pier. The detailed of the concerned processes are described in
the Delft3d-WAQ user manual.

Table 2. Computation condition of hydrodynamic model

Item

Condition

Simulation period
Initial condition

Horizontal grid
No of vertical layer

Offshore Boundary
condition

Wind
Meteorological data

Horizontal Eddy
Vertical Eddy
Bottom roughness
Surface heat flux

21 February —9 March 2007 (Summer)
Constant temperature, salinity (26Celsius)

Orthogonal curvilinear grid 74x118
Sigma coordinate with 18 layers

Observed water level and flow velocity, water
temperature at two channels

Temporal variation uniform wind from weather
station.

Air temperature, cloud fraction, humidity from
weather station

Smagorinsky model with zero background
k-epp model with zero background

Chezy 150

Murakami model
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Figure 9. Horizontal computational grid and bottom topography of PG
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Figure 10. Results of model validation showing comparison between observed and
simulated water level, flow velocity at station C1 and water temperature at station B1.
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Figure 12. Water quality model validation showing the comparison of dissolved
oxygen (upper figure) and chlorophyll-a concentration between observation (black
color) and numerical simulation
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2.4 Socio-physical monitoring in Puerto Galera

Puerto Galera, being a popular tourist spot, has rich and diverse marine resources,
such as the healthy coral reefs, and the extensive beaches as its main selling points.
These resources offer recreational and scenic values for tourists, generate revenues
for the tourism-oriented businesses and provide food and sources of livelihood for the
local people. There exist the enormous needs of the growing population and of the
great influx of visitors in the recent years; and the unregulated type of development
seems to be the current coping means (Fortes, 1997). However, this type of
development fails to protect the coastal and marine resources from degradation and
water pollution brought about by improper sewage and waste water discharges.
Maintenance of high water quality is essential to sustain the beauty and health
environment but it requires proper management based on thorough and continuous
monitoring of both the water quality conditions and the existing sewage and
wastewater disposal practices of the people.

The people and government of Puerto Galera have relied on occasional water quality
analysis performed by academic researchers and by the national government
agencies; and worst, these analysis results were often not provided to Puerto Galera.
Some research results on water quality and recommendations fail to appeal the local
people probably due to the following reasons:

a) Since most researchers are not local residents, local people’s trust is difficult to
obtain.

b) The results of those researches are not effectively disseminated to the local
people in a language understandable to them.

c) The linkage between the water quality and local people’s activities are not
clearly defined.

Also, the physical conditions with which the tourism sites in Puerto Galera are exposed
vary for each site. Mitigation efforts toward water quality deterioration depend on
local people’s cooperation, which is based on their understanding of the process.
Recently, the local residents are divided on the proposed plan (which is not based on
scientific study result) to re-open the sandbar as a means to improve water quality in
Puerto Galera Bay. Thus, dealing with seawater quality improvement would require
socio-physical integrated approach.

The aims of this research are to relate the impact of human activities in some tourism
areas to seawater quality and to show that socio-physical integrated approach to
water quality can highlight the local people’s role in water quality improvement
efforts.

2.4.1 Tourism area clustering for comparison

There are 13 villages (12 of which are coastal) in Puerto Galera. Half of the coastal
villages relies on tourism-based activities for livelihood sustenance (Cola and Hapitan,
2004). However, for this research, the focus is on the specific clusters of
tourism-related establishments and household communities situated along the
coastline. The basic assumption is that those communities closest to the bay have
greater impact to seawater quality and have better knowledge on the water quality
conditions. The major tourism-related clusters considered in this research are Muelle,
Sabang and White Beach. Most social and infrastructure data available are either in
municipal or village scale. However, a cluster of establishments and households
covers only a portion of the entire village extent and may traverse two villages, as in
the case of Muelle. In this regard, social data used to describe these clusters are
referred from the related village.

The common characteristics of these there clusters are the following:
1) being ferry arrival points for tourist (but only Muelle has pier structure)
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2) high concentration of hotel and restaurant establishments,
3) highly-dense communities and
4) strong population growth (see Figure 13)
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Figure 13. Population growth in Puerto Galera

The following description of the three tourism sites was taken from the ‘Book of Puerto
Galera Facts (2002)’.

Muelle (Poblacion and Sto. Nifo)

It is where the busiest and oldest of the three ports in Puerto Galera is located. This
tourism site is situated within a natural harbor. Its still bay water serves as safe haven
to more than 20 yachts that are moored there. Commercial establishments such as
small eateries, T-shirt and garment shops, groceries, restaurants and lodging
facilities, mostly catering for the daily tourist needs, are lined up along the port. Being
at the heart of Puerto Galera, this is the preferred take-off point to other popular
tourist destinations. As shown in Fig. 13, the household communities residing in
Muelle belong to Sto. Nifio village. Its population got the highest annual growth rate of
6.41 against the national growth rate of 2.3 and Puerto Galera growth rate of 2.4. Sto.
Nifio absorbs the expansion of the town’s center.

Muelle Bay has the least anthropogenic activities influence over water quality but due
to its physical environment characteristics, its carrying capacity for waste water is
quite low. The seawater here is highly turbid because this is an enclosed bay with a
very low open sea water exchange and is a port area. Nutrient loads come from small
freshwater creeks discharges during the rainy season and from direct inputs of
wastewater and sewage (San Diego-McGlone, 1995). There is no sewerage system
and sewage effluents are normally discharged in open canals leading to natural
waterways, like rivers and streams eventually ending up to the bay (Bio-social survey
of the coastal waters of Puerto Galera, Mindoro Oriental;1984).
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Sabang

Sabang (in Sabang village) is best-known for its nightlife facilities, as well as, its
scuba-diving opportunities. It is where most of the upper-class hotels and better
restaurants in Puerto Galera are situated. Though the actual beach is quite narrow
(gone during high tide) but it has been the favored spot of the majority of foreign
tourists. Foreigners are attracted by the presence of numerous diving centers, hotels,
restaurants, discos, nightclubs and versatile shops lying along its shoreline. These
establishments are mainly managed by Filipino-foreigner couples. Over a 100 hotels
and lodging facilities here are ready to accept visitors.

The seawater quality in Sabang may suffer from severe eutrophication and algal
bloom, if the discharge of untreated sewage persists. The untreated wastewater
discharges from commercial establishments and households are directly drained to
beach waters through open canal and over the beach sand.

White Beach (in San Isidro village)

White Beach is the economical version of Sabang and has been mostly patronized by
local Filipino tourists. It has a long and extensive beach that stretches up to 30m in
width and 800m in length and is pleasant venue for beach-combing, swimming, beach
valley, disco, massage, drinking and camping activities. The establishments here are
mostly managed by local residents. There are more than 30 hotels and lodging
facilities in this area.

As compared to the previous two sites, White Beach has relatively the cleanest water
due to better wastewater facilities and effluent discharge practices. It has
well-constructed canal system for wastewater leading to a retention pond.

2.4.2 Questionnaire survey for tourism and household sectors

The purpose of this survey is to determine the local people’s activities and perception
of Puerto Galera regarding seawater quality in the three tourism areas. The survey
was conducted on the first week of March 2006. A structured questionnaire was used
survey was divided into two main parts: behavior/activities related to water quality
and perception to seawater quality. The first part includes questions related to
availability of sanitation facilities and local peoples’ sanitation practices. Two sectors
of the community were considered, as shown in Table 3, namely:

1) household — They were represented by household heads. In most areas, except in
Muelle, respondents were only taken at every four household due to large number
of households. This sector was mostly located behind those of tourism-related
business establishments. A total of 301 households were interviewed.

2) tourism - They were represented by either the hotel/resort/restaurant owners or
managers. Their presence in those tourism areas closest to the shore was
profit-driven and this sector was directly involved in tourism. There is a total of 66
respondents.

The division of respondents is necessary for differentiating the influences and
perceptions on seawater quality between of household (may or may not be involved in
tourism) and tourism (directly involved in tourism) sectors. The questions were
written in English for tourism sector and in Tagalog for household sector.
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Table 3. Number of respondents.

tourism household
Sabang 32 74
White beach 24 91
Muelle 10 96
Batangas Channel* 40*

Availability of sanitation facilities

Having poor sanitation facilities are being blamed as one of the main reasons for
increased in nutrient loading on the bodies of water. The following questions were
solicited to determine the existing sanitation and waste disposal facilities in each
tourism area. The types of toilet and septic tank were particularly asked.

The type of toilet facility indicates socio-economic status of the people using it. The
advance type of toilet facilities such as flush-type provides convenience to users. A
flush-type toilet is one in which water carries the waste down pipes and a pour-type
toilet functions the same way, but water is poured in by buckets and not piped into the
toilet. Waste from these toilet types ends up either in septic tank (sealed or
open-type), pit or elsewhere through rivers. A latrine or antipolo-type of toilet, do not
use water at all to flush waste which goes directly to a pit.

The type of fecal waste disposal facility indicates the level of waste control
management. The old type of septic tank in Puerto Galera is an open-type (Figure
14). Here, solid waste and greases for sewage are filtered. The waste water comes
out from the sanity tee outlet and should go to sanitary sewage treatment system but
there is no such system in Puerto Galera, the sewage effluent instead is directed into
open canal or bodies of water. The sealed-type septic tank (Figure 15) is recently
recommended by the local government for all newly constructed houses and
establishments built from year 2002. This does not have sewage effluent outlet but
instead allows effluent to leach on its second chamber. Pit is the least
environment-friendly among fecal waste disposal facilities.

Figure 14. Open-type septic tank.
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Figure 15. Sealed-type septic tank.

Local peoples’ sanitation practices

This part of the questionnaire focuses on how individuals may have contributed to
water quality deterioration. The respondents were asked where do they dispose their
waste water and what activities do they engaged involving the use of clean water. The
respondents were also asked if they think that have polluted the water.

Perception toward seawater quality

The last part of the questionnaire would like to bring out environmental awareness
among local people. Local people’s opinions were obtained about the current state of
seawater quality and some water quality management issues. Aside from inquiring
about the existence of polluted water, the indicators, duration, causes, sources,
impacts and effects of personal health of polluted water were asked. In the search of
finding solution to water quality deterioration, their opinion on pollution mitigation is
highly important for consideration. The people’s acceptability of recommendations
lies on the compatibility of their opinion with the basis of recommendations.

2.4.3 GPS mapping of household, tourism infrastructure and facilities

Using a hand-held GPS, location of households and tourism establishments were
surveyed. By walking around the extents of residential buildings and tourism
establishments, the relative locations of these areas with respect to the shoreline
were noted. And also, some open canal and outlets of natural waterways were also
mapped. This location data could be used in verifying data generated by image
classification through GIS.

2.4.4 Monitoring by remote sensing

Five Aster and one Quickbird satellite image datasets were acquired. Image
acquisition dates for Aster are as follow: Jan 3, 2001; Nov. 3, 2001; Sept., 3, 2002;
Feb. 17, 2003 and Feb. 22, 2005. The Quickbird image was taken on Feb., 28, 2006.
These images were geo-referenced and were calibrated using empirical line to have
common spectral range values for all images. Spectral unmixing technique was used
to classify basic land cover, such as built-up, grassland and forest.
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2.4.5 Tourism and household area expansion

The tourism and household area expansion for the three tourism sites were analyzed
from the increase of built-up area from the classification results of 2001 to 2005 Aster
images. The rate of increase and the spatial growth distribution were investigated.

2.4.6 Land cover change detection

From the results of the image classification of the Aster images, the historical land
cover changes were determined by comparing Aster images taken at various dates.
Forest, grass and built-up were the land covers being examined. This information on
cover change is important for building up a spatial information database for
understanding physical environment dynamics.

2.4.7 Creation of GIS for household, tourism infrastructure and facilities

A GIS database was set up to demonstrate how various data can be compiled
to provide useful information for monitoring and management. It was implemented
under ArcGIS platform. The tourism establishment data obtained from Puerto Galera
council were encoded and overlaid on Puerto Galera map derived from Quickbird
dataset. The name of the hotel, number of rooms, restaurants and other details were
included in the list of input details and could be updated anytime. Other results from
remote sensing classification, such as built-up and forest covers, were added. In GIS,
it is also possible to incorporate other data from water quality simulation and
measurements. Understanding the relationships among various data and comparison
among different sites in Puerto Galera could be realized through GIS setting up.

2.5 Bolinao: Methods for Assessing Environmental Impacts of Fish
Cage Aquaculture

2.5.1 Field Observations

Intensive and extensive field observations were conducted from November 14 to
December 2, 2007 around Santiago Island, Bolinao in collaboration with Marine
Science Institute, the University of the Philippines. The aim of the field observations is
to collect physical, biological and chemical data essential for understanding significant
temporal and spatial variations in hydrodynamic and water quality processes in the
area. The filed observations were conducted based on the following methodologies:

1. Sensor deployment: Monitoring by data-logging senor using bottom fixed
deployment and taut-wire moorage system.

2. Water quality Survey: Water sampling and vertical profiling of water quality using
a multi-quality meter at eleven stations.

As shown in Figure 16, there were 12 stations for sensors deployment and water
quality survey. Among the stations, three stations were located in the aquaculture
area (Station 1, 11, 12), two stations were outside the reef (Station 3, 7) and four
stations were inside (Station 4, 5, 6, and 10).
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Bolinao reef complex

Figure 16. Map of study site showing stations for
sensor deployment and water quality survey

2.5.2 Sensor Deployment

19-day continuous measurements at nine stations (Stations 1, 3, 4, 5, 6, 7, 10, 11,
and 12) by various data-logging sensors were conducted from November 14 to
December 2 to collect hydrodynamic and water quality data around Santiago Island.
Monitoring parameters were hydrodynamic quantities (velocity, wave) and water
quality quantities (temperature, salinity, turbidity, chlorophyll-a, light intensity,
dissolved oxygen). Each station’s monitoring parameters are indicated in Table 4.
Table 5 summarizes names, locations and setting of the sensors deployed. Sensors
were either attached to moored buoys or mounted at the bottom, or both.

2.5.3 Water Quality Survey

Water sampling and vertical profiling of water quality were conducted at ten stations
(Stations 2, 3, 4,5, 6, 8,9, 10, 11, 12) on 16 am, 17 pm, 18am, 18pm, 20pm, 21am,
30am November (Table 6)

(a) Water sampling

Water samples were collected using a 1 liter modified Niskin sampling bottle (Yoshino
Keisoku Co.,Ltd., Japan) from surface layer at station 4, 5, 6, 8, 9, 10 and from
surface, middle and bottom layer at station 2, 11, 12. Water samples were used to
analyze concentration of nutrient and chlorophyll-a.

Samples for analysis of dissolved nutrient such as ammonium, nitrite, nitrate,
phosphate and silicate were filtered using Whatman GF/C glass micro-fibre filters
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(0.45 micrometer), and then frozen. The analysis of nutrient concentrations was
conducted using a Bran + Luebbe Autoanalyser.

Samples for chlorophyll-a analysis were filtered using Whatman GF/C glass
micro-fiber (0.45 micrometer). The chlorophyll-a extraction from the filter follow the
methodology recommended by Suzuki and Ishimaru (1990), where the extracting
media is N-dimethylformamide (DMF). After the extraction, concentrations of
chlorophyll-a and pheopigments in the extracts were determined by the fluorometry
suggested by Strickland and Parsons (1972) using a fluorometer (Tuner Design 10R).

(b) Vertical profiling of water quality

Vertical profiling of water quality using AAQ1183 (Alec electronics), an STD-type
instrument for measuring various water quality parameters were conducted in order
to describe water quality variation along the vertical water column with the changing
physical environment. The sensor can measure water temperature, salinity,
chlorophyll-a, turbidity, PH and dissolved oxygen.

2.6 Methods for Shiraho Reef and Todoroki Watershed Study

2.6.1 Field Survey

The field observation was conducted in a part of the east coast of Ishigaki Island
where fringing coral reefs of approximately 1km wide toward east-west direction are
formed (Figure 18). A typical topographic feature of fringing reef can be seen with
moat, reef pavement, reef crest, and reef edge. Most of the reef crests are exposed at
low tide. The observation was taken place within the 8 km from the shoal called
Watanji at south to the big channel called Toru-guchi at north. There are three other
channels connecting the reef area to the outer sea; lka-guchi, Moriyama-guchi and
Bu-guchi. Among four channels, Toru-guchi is largest penetrating the reef deeply up
to the moat with the average water depth of 20 m. The main stream that runs off
toward the reef is Todoroki River, of which the river mouth is located at the middle of
our observation site. Sediment discharge from adjacent land via Todoroki River
causes one of the major environmental problems of this coral reef.
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Figure 18. Location of stations and sensors deployed

(b) Sensor deployment and water sampling

Fifteen (15) stations are established at the locations shown in Figure 18. 12 stations
(R1-12) are located inside the reef and 2 stations (01,2) are set outside the reef at
the water depth of about 12 m. One station was set up in Todoroki River, at about 1
km upstream from the river mouth. R1, R4, R6 and R12 were selected to be near the
channels respectively Toru-guchi, Ika-guchi, Moriyama-guchi and Bu-guchi. All other
stations inside the reef (Stn.R2, R3, R5, R7, R8, R9, R10 and R11) were located
relatively close to the shoreline. The types of sensors deployed at each station are
indicated in Figure 18. Table 7 summarizes names and setting of the sensors
(interval, numbers, and frequency). Salinometers and turbidity & chlorophyll-a
meters are moored with bouys so that river plume can be observed during flood
(Figure 19). Velocimeters, wave gauges and tide gauges are deployed on sea bed.

Water samples were collected both from surface and bottom layer at stations except
for Stn.R2, R11 and B1 on 27 July, 6, 8, 19, 20 August to measure nutrients and
chlorophyll concentration. Samples were filtered through 0.45-pm membrane filters
and were frozen for subsequent analysis of phosphorus, nitrate, nitrite, ammonium
and silicate on a Bran + Luebbe Autoanalyser. The observation period is from 24 July
to 22 August in 2005.
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Table 7. Sensors and their measurement setup. ADCP Acoustic Doppler current profiler.

Manufacturers: A: ALEC Electronics; B: Van Essen; C: RD Instruments

Instrument Product name (manufacturer) Interval Number Frequency
30 min 120 1Hz
Velocimeters (EMC) Compact-EM (A) 120 min (02
300 1Hz
only)
Wave gauges Compact-WH (A) 120 min 2400 2Hz
) . 10 min 1 -
Tide gauges Diver (B) 15 min (B1 only) 1 )
Salinometers Compact-CT (A) 1 min 1 -
Chlorophyll-a & _ .
Turbidity Compact-CLW ( ) 15 min 60 1Hz
ADCP Workhorse (C) 30 min 600 1Hz

P
Compact-CL'W

(Chlorophyll-a &
turbidity)

™ Compact-CT

{salinometer)

=

Weight

Figure 19. Installation of Chlorophyll-a & turbidity and salinometer with moored

2.6.2 Numerical simulation

buoy

(a) Outline of the model for current simulation
For the computing currents of relatively shallow waters like the coral reef concerned,
a shallow water turbulent model, the SDS-Q3D model was applied in this study. This
model consists of an SDS turbulence model (Nadaoka and Yagi 1993) and quasi 3-D
shallow water equations. By applying SDS turbulence model, SDS-Q3D model enables
to simulate hydrodynamic accurately with a low CPU cost (Nadaoka and Tamura

2001).

(b) Model improvement for application to simulation during typhoon period
Although SDS-Q3D model can simulate current of shallow waters effectively, it can
not directly be applied to period during a typhoon since the model does not include
effect of wind. Wind stress term has been incorporated into the calculation of
momentum. Conventionally, wind stress is parameterized by a bulk formula

t=r
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where T is wind stress; p is the air density; Csis drag coefficient, and Uy is the
horizontal wind velocity at 10 m above the sea surface.

Quantification of drag coefficient has been proposed by many researchers (Geernaert
etal. 1987, Tanaka et al. 2001). In this study, drag coefficient proposed by Honda and
Mitsuyasu was applied.

C.=(L28- 0.0242U )" 10° U, £8m/s @)
C, =(0.581+0.0626U,,) 10 U,, 3 8m/s

For wind stress calculation, 10 minutes averaged wind velocity observed by Japan
Meteorological Agency was used.

(c) Computational conditions

The computational domain is shown in Figure 20, which also indicates the
bathymetry of the reef obtained from a spectral inversion technique for a remote
sensing image (Paringit and Nadaoka 2003). This method provides bathymetry with a
high spatial resolution; this is one of the critical points for accurate numerical
simulations of currents in shallow waters. For the outer sea, where spectral inversion
technique can not be applied since it is too deep, a sea chart was used. Therefore the
bathymetry was defined by combining of digitized data obtained from sea chart and
the bathymetry extracted from satellite image.

Table 8. Parameters for current and wave
_ computation
orurguchi Current computation
Time increment s 1
Spatial resolution for
. . 50
east-west direction m
Spatial resolution for 50
north-south direction m
The number of 1
I ka-guchi Critical depth for moving
. 2
boundary conditions cm
Drag coefficient of the sea 0.035
bottom
Coriolis parameter 1/s 6.02x10 °
oriyama Wave computation
The total number of 10
frequency components
The number of angular 35
components
Spreading parameter 75
Incident wave direction ° 53.8
Bu-gughi

Figure 20. Bathymetry and computation
domain

The computation was performed from 3 to 7 August 2005 when typhoon no.9 struck
Ishigaki Island. At the offshore side of the domain, an open boundary condition was
applied where tidal fluctuation of the sea level obtained by harmonic analysis of the
observed tidal data was given. Significant wave height and period obtained from field
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observation were imposed every two hour for simulating waves. The spatial
resolutions in the x and y direction were both 50 m and the time increment was set at
1 s. Table 8 lists the other parameters used in the computation. The bottom friction
coefficient was set at 0.035 to fit the computation result to the field survey results
(Lugo-Fernandez et al. 1998).

2.6.3 Assessment of Cover Dynamics

Satellite images (Landsat TM and ETM+) were analyzed to generate land cover and
benthic cover maps. Cover statistics were calculated and change analysis was then
performed. Cover change analysis was performed for Todoroki watershed and the
entire Shiraho Reef. For further analysis, Shiraho Reef was divided into northern
Shiraho Reef and southern Shiraho Reef, considering the differential influence of
riverine discharge on the reef.

Land cover mapping

Landsat images covering a period of 20 years (1984-2003) (Table 9) were used to
generate land cover maps. Images with clouds over Todoroki watershed were
excluded so that landscape composition and configuration can be evaluated over the
whole watershed. The images were radiometrically corrected. Atmospheric correction
was performed using the 6S algorithm (Vermote et al. 1997). Images were then
classified using spectral unmixing technique. This method requires the spectral
signatures of various land cover classes that can be found in the watershed as input.
Based on these sighatures, the algorithm estimates the proportion or percentages of
the classes comprising a pixel, i.e., within a 30 x 30 meter area in the case of Landsat
TM and ETM+. The resulting classified images were then subjected to a generalization
procedure to assign each pixel to a cover class. The class with the highest percentage
occurrence in a pixel is assigned as the class for that pixel. The land cover classes are
Forest (or Trees), Sugarcane, Grass, Mulch (i.e., plots with mulching), Bare areas,
Wet paddy, and Shallow water. Bare areas are generally transitional areas (i.e.,
before planting and after harvesting of sugarcane).

Table 9. Landsat images used for land cover mapping of Todoroki watershed and
benthic cover mapping of Shiraho Reef. (Note: X denotes exclusion due to cloud cover.)

ID Landsat type Date of Season Used for land  Used for benthic  Tidelevel

acquisition cover? cover? (m)
S84 Landsat-5TM 08/24/1984 Summer o ) 0.59
S85 Landsat-5 TM 07/10/1985 Summer o ) 1.36
W86 Landsat-5 TM 01/18/1986 Winter ) o] 1.25
A87 Landsat-5 TM 09/02/1987 Autumn ) o] 1.25
A89 Landsat-5 TM 10/25/1989 Autumn ) o) 0.87
S90 Landsat-5 TM 07/24/1990 Summer X X 051
91 Landsat-5 TM 07/11/1991 Summer X X 011
S92 Landsat-5 TM 07/13/1992 Summer X o) 0.39
S93 Landsat-5 TM 08/17/1993 Summer ) o] 0.20
A%4 Landsat-5TM 09/05/1994 Autumn ) X 0.27
S95 Landsat-5 TM 08/07/1995 Summer X o) 0.78
S96 Landsat-5 TM 08/25/1996 Summer X o) 0.80
W96 Landsat-5 TM 12/31/1996 Winter ) X 113
S97 Landsat-5 TM 07/27/1997 Summer X o) 1.46
S98 Landsat-5 TM 06/28/1998 Summer ) X 0.88
S99 Landsat-5TM 07/01/1999 Summer X ) 0.47
S00 Landsat-5TM 08/20/2000 Summer X ) 1.04
wol Landsat-7 ETM+ 01/19/2001 Winter X X 131
AO1 Landsat-7 ETM+ 11/19/2001 Winter o ) 1.03
wWo02 Landsat-7 ETM+ 02/23/2002 Winter o X 1.33
S02 Landsat-7 ETM+ 07/01/2002 Summer X ) 1.20
WO03 Landsat-7 ETM+ 02/26/2003 Winter o X 1.33
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Benthic cover mapping

The same set of Landsat images were used for mapping benthic cover in Shiraho Reef
except those images with clouds over reef areas (Table 9). Water column correction
was carried out to account for the attenuation effects of the water column using the
method developed by Lyzenga (1978). Depth-invariant index images were generated
from the images previously subjected to radiometric and atmospheric corrections.
The Iterative Self-Organizing Data Analysis (ISODATA) method, an unsupervised
classification algorithm, was then used to detect spectral groupings of image pixels in
the depth-invariant index images. The algorithm was set to detect 5 to 15 spectral
groups, which are then categorized into 4 benthic cover classes, namely, Coral, Cay
sand, Algae/seagrass, and Pavement/exposed areas. The benthic cover class Coral
consists of areas with live coral as the dominant cover. The categorization was
accomplished by visually analyzing both the Landsat images and corresponding
depth-invariant index images. Contextual editing was also employed at this stage.

2.6.4 Monitoring and Modeling of Todoroki Watershed

Four rain gauges are currently deployed in Todoroki watershed to capture the
spatio-temporal variation of rainfall. Water and sediment discharge by Todoroki River
is monitored using a turbidity meter and a pressure gauge for water level
measurement. Pressure readings are compensated for atmospheric pressure to
obtain accurate water level data. River discharge is computed using an L-Q curve or
equation developed for Todoroki River. On the other hand, turbidity readings are
converted to TSS concentrations using TSS measurements and calibration of the
turbidity meter used. Nutrient monitoring was carried out by deploying 2 in-situ
nutrient analyzers (MicroLAB) and periodic sampling of water from several stations
along the Todoroki River (Figure 21). Modeling was carried out using the GSSHA
model.

Monitoring of Nutrients
in Todoroki Watershed
{Ishigaki Island, Okinawa, Japan)

" ! AUG 2006 - JAN 2007
Water sampling st £ Bet 1 : . :f_-,':,\-.? :
11 statiors (T1-T11) . - s
ity Todeorak| flver -
Sampling at T1 Lsing
I5C0 automatic

water sampler

Soll sampling (about 50 T1-T11 water sampling

staticrs] Continuous measurement at T1 wusing
Mapping of cow farms Microl AB and automatic water sampler

Figure 21. Scheme of nutrient monitoring in Todoroki watershed
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2.7 Coral Coast watersheds/Votua Reef Study Methodology
2.7.1 Watershed monitoring

Watershed monitoring in Fiji is carried out similar to the approach used for Todoroki
watershed. Two rain gauges were deployed in the watershed, one in the upper part
and another in the lower part of the watershed. Near the stream or creek mouth, a
turbidity meter (Compact-CLW, Alec Company, Japan) and a water level logger (Diver
or Hobo Water Level Logger) were deployed by attaching to a triangular prismatic
frame or to a long iron pipe driven into the stream or creek bed. The Compact-CLW
measures turbidity, chlorophyll-a and temperature every 20 minutes, taking 30
readings at 1-secon interval. The water level logger was set to read pressure every 10
minutes.

Watershed Sediment Discharge Menitoring in Fiji
Naboutini Watershed

Votua Watershed

R —Rain gauge
Y CLyve - Turbidity meter  DEPlOymMent set-up
Diver — Depth gaugs stream mouth

Figure 22. Monitoring set-up for Naboutini and Votua watersheds in Fiji
2.7.1 Votua Reef monitoring

A survey was conducted in Votua Reef for almost three weeks (2-20 March 2008). The
objectives of the survey was to characterize reef hydrodynamics, particularly its
effects on the fate and transport of sediments and nutrients from Votua watershed.
Continuous monitoring of hydrodynamic and water quality parameters was made
using data-logging sensors measuring turbidity, chlorophyll-a, wave height,
2D-velocity, salinity/conductivity, temperature and dissolved oxygen (DO). Figure
23 shows the location of stations in Votua Reef. Typical deployment schemes for
various sensors are shown in Figure 24. Similar to surveys in Ishigaki and the
Philippines, profile measurements were carried out using an STD-type
multi-parameter instrument to measure turbidity, chlorophyll-a, salinity, pH,
temperature and dissolved oxygen. During profile measurement, water samples were
collected at selected locations and at different depths (particularly for the channel and
outer sea stations). The samples were analyzed for SS, TN, TP, dissolved nutrients
(nitrate, nitrite, ammonium, phosphate, silicate) and chlorophyll-a. Water samples
were also collected 1m from low water line at several stations along the Votua coast.
Samples were analyzed for dissolved nutrients.

Since no reef bathymetry data are available, a bathymetric survey was performed.
Bathymetric measurements will be input to a model to general bathymetry from
satellite image.
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Reefl Hydrodynamics and Water Quality Monitoring using Data-logging Sensors
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Figure 23. Location of stations during the Votua Reef survey (March 2008)
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Figure 24. Location of stations during the Votua Reef survey (March 2008)
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2.8 Regional sediment discharge modeling

Prediction of regional sediment load into the coastal environment is an important
undertaking as 90% of the global rivers are unmonitored for. For this reason the
International Association of Hydrological Sciences (IAHS) declared year 2003 to 2013
as the decade for prediction in ungauged basins (PUB).

Monitoring of global and regional sediment discharge is an extensively laborious
undertaking due to the myriad number of rivers worldwide. Sediment load is measure
in various spatio-temporal scales, ranging from hours to decades and from catchment
size to regional drainage basins, the sizes of the Amazon basin. Many numerical
models have been developed to assess sediment load such as the soil conservation
service curve number (SCN-CN) method?, the universal soil loss equation USLE
(Wischmeier and Smith 1978), the water erosion prediction project (WEPP) model
(USDA 1995) and others (de vente et al. 2005) for catchment scale, which, however,
are all reliant on hydrometric data. Considering that 90% of the global rivers are
ungauged for (Syvitski et al. 2005), it is a tremendous challenge to develop predictors
that are transferable and require minimum or at best no hydrometric data. Numerous
regional scale sediment load models have also been developed for prediction of
regional scale ungauged rivers (Hay 1998, Hovius 1998, Milliman 1992, Syvitski
2005) (Table 10).

This study develops a new regional scale sediment load predictor. It improves from
conventional regional scale sediment load models, which are typically based on
area-elevation-slope relationships, to a predictor which is based on vegetation cover,
soil moisture content and rainfall. The new regional sediment discharge model is
named RSDM. RSDM is also couple to the General Circulation Model (GCM) predicted
rainfall of the South East Asia - West Pacific regions to predict future trend of sediment
load. A new novelty method of hind casting sediment load in ungauged watersheds to
further improve RSDM is also investigated.

2.8.1 Model Development

The sediment load model is developed using empirical relationships and is based on
the relationships between sediment load Qs [MT/yr] to basin drainage area A[km2],
maximum basin elevation E [km], average basin slope angle S [°], percentage
vegetation cover per square kilometer V[/km2], soil moisture content M, and average
basin rainfall R [m]. It is developed to describe the temporal variations of sediment
load due to vegetation cover, soil and climate. The model uses five relationships which
are all similar to the sediment rating curve developed by power regression. These are
shown as below.

Area, A: Qs =a,A” (1)
Elevation, E: Qs, =a,E™ ©
Slope, S: st :aSSa‘f A3)
Rainfall, R: Qs, :a7Ras 4
%Vegetation Cover (per km2), V: Qs =a V™ (5)
Soil Moisture Content, M: Qs, =a,,M*= (6)
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For Qs= Qs; = Qs, = Qs3 = Qs; = Qss = Qs , the empirical relationships can be
extended to the form:

Qs=b, ((ala3asa7a93-11) (Aaz E*«S*R% M *wV 42 )b2 )% )

The empirical model needs 12 sets of coefficients that need to determined using
multiplicative regression model. The respective coefficients are deduced by fitting
power relationships for all values of sediment load data and the variables. A predictive
model is obtained that describes the relationships of sediment load to specific
drainage basin features of climate, vegetation cover, soil characteristics and the size
factor.

Table 10. Sediment discharge model by various authors

Ahnert (1970) Qs=A[D" d” 10°] where D=H,,.  0.1535" 10°
Hay (1998) Qs=(Hae—B¢) ~ Kns
Hovius (1998) Qs=A" Ywhere

INY=-0.416InA+4.26" 10*H+0.15T+0.09T, 4nge+0.0015R+3.585
Milliman& Syvitski (1992) Qs=A" Ywhere Y= ¢ A'and f & c vary from different

elevation as shown below

Maximum Elevation of Drainage Basin c f

>3000m 280 -0.54
1000-3000m 210 -0.46
500-3000m 12 -0.59
100-500m 8 -0.34
<100 5 -0.20



2.8.2 Data

Equation (7) is solved empirically by using sediment load data, elevation data, slope
data vegetation data, soil moisture content and climatic data from parts of Indonesia,
Papua New Guinea and Philippines. Summary of the data used is shown in Table 11
below. Addition data source are as follows;

Rainfall: Intergovernmental Panel on Climate Change (IPCC)
(http://ipcc-ddc.cru.uea.ac.uk/)

Elevation and slope: HydrolK (http://edc.usgs.gov).

Vegetation cover: Global Land Cover Facility GLFC
(http://glcf.umiacs.umd.edu/index.shtml).

Soil moisture content: National Climate Prediction Center (US)

http://www.cpc.ncep.noaa.gov/soilmst/leaky_ glb.htm



Tahle 16. Summarv of Data

Rve  Obsavel Souree Area Vege Ranfal il moigure Sope VeglA Flevation
(M) o) (6) ) () (okr) (o
Fly 2319 Haris(1993) B3 7 01 6 00083 38
Makham 519 Nedoo (190) 63 6 4 0% 4 00M9 21
Mamberamo 304 Milliman (1995) e 6L 8 00 400009 308
Digu 16 Millmen (1999 mon 4 0A )W 1B
Pdapdas 150 Milliman (1995) B0 04 04 6 0008 29
Ciong 72 Waling, (1982) B 203 3 00 126
Cketh 28 Walling (1982) HNouo1 08 4 00580 2306
Cltwg 72 Waling(1982) w2 2 0 Lo 15
Cmawk %5 Waling(198) M2 0% ) 12
Cmmr 19 Waling(198) ®OBo2 03 ) w13
Clandy 131 Walling (1962) o2 2 05 3 00088 21
K Brants 81 Hoekstra(1989) B B 2 0B 3 000 23
Porong 209 Hogkstra(1965) w20 2 0% 400 251
Solo 19 NpponKoeeFAO(1973) 16000 8 2 03 3 oo 31
Komging 3 Pickup (1963) T 500 12
Puai 80 Chappell (1999 28 5 4 04 5 00007 33
Senkk 261 Haris(1993) ot oo 400008 32
pampenga 10 Miner & Gulcur, (197 0 5 3 (A 2 00006 103
ano 51 Miner & Gulur, (1971 " Bno4 A 3 0000 21
Mahakam 243 illiman (1995) %4 5 06 5 0008 40%
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3. Results & Discussion

3.1 Hydrodynamic and Biochemical Characteristics of Puerto Galera

3.1.1 Meteorological state

Figure 25 shows the time variations of the wind vector, solar radiation, air
temperature, relative humidity and precipitation rate during the observation period
from 22 February to 8 March 2007. The wind field was dominated by a Southeast wind
which seldom changes to a Northeast wind. The prevailing wind blew almost
continuously at about 5 m/s except on 26 February when there was no wind. Since the
survey was conducted in summer, the precipitation rate is very small (maximum of 7
mm/hr). The highest rate of precipitation during the field survey occurred on 3 March
and the much smaller rain occurred on 2 February and 7 March. Air temperature and
relative humidity show clear diurnal fluctuation between 25 and 27 degree centigrade,
and between 60 and 95 percent, respectively. The solar radiation data shows that it
was sunny almost everyday except 27 February, 2 March and 7 March.
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Figure 25. The record meteorological parameter from weather station showing wind
velocity vector, solar radiation, rainfall, relative humidity and air temperature during
survey period.
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3.1.2 Oceanographic State

Figure 26 shows the observational tidal fluctuations, and current velocities recorded
from the outer sea area at O2 sta. and O3 sta. The velocity records are expressed as
lhr-averaged and 25hr-averaged values. The current velocity is highest during neap
tide, and lowest during spring tide. Moreover, flow velocity fluctuations show a
semi-diurnal fluctuation pattern even in the diurnal tidal fluctuation period. This tells
us that the hydrodynamics here is not simply governed by lunar water level changes.
The measured velocities at O2 sta. and O3 sta. also suggest that the majority of flow
directions are toward the East direction. The 25hr-averaged mean flows have
non-zero values in both stations. The mean flow velocity magnitudes approach zero at
diurnal spring tide and increase at semi-diurnal neap tide.
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Figure 26. The water level and measured near-bottom current velocities in the
North-South (N-S) and East-West (E-W) components outside the lagoon. The bold
lines are 1-hr averaged flow velocity while the thin lines show residual current from
25-hr averaged flow velocity.
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Data from both field survey and simulation of currents at channels demonstrate the
close relationship with the outer sea. Figure 27 presents the lhr-averaged and
25hr-averaged flow velocity at lagoon interior from C1 sta., C2 sta., C3 sta. and water
level at B2 sta. Comparing Figure 26 and Figure 27, it can be seen that the current
fluctuation at channels are almost identical to the outer sea. However the magnitudes
of flow fluctuations are slightly smaller. The 25hr-average mean current at C1 sta.
and C3 sta. show non-zero values with unidirectional flow direction to the East. The
similar water moving pattern between the outer sea and at the channels implies that
the water in these locations may be governed by the same factor. In contrast with the
adjacent strong current at the channel, the current recorded at C2 sta. is much more
sluggish. It shows the maximum current of about 5 cm/s and almost no notable
fluctuation pattern as the one at the channel stations (C1, C3). Water level record at
station B2 and O2 (not shown here) shows that the water level in and outside the
Puerto Galera lagoon are about the same at all time during the observation period.
The overall circulation patterns from numerical model are shown in Figure 28.
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Figure 27. The water level and measured near-bottom current velocities in the
North-South (N-S) and East-West (E-W) components inside the lagoon. The bold lines
are 1-hr averaged flow velocity while the thin lines show residual current from 25-hr

averaged flow velocity.
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Figure 28. Flow velocity field of near-to-the-surface circulation of PG during neap
semi-diurnal tide showing two current regime inside the lagoon.

Aside from tidal fluctuation circulation feature, PG hydrographic condition also of
depict close relationship with the water temperature. Figure 29 shows the time
variation of water temperature at outer sea, channels and lagoon interior at O2 sta.,
C2 sta. and B2 sta., respectively from the observational data. The upper layer water
appears to be always warmer than the lower layer wherein the average deviation
range is 0.2 to 2 centigrade at C2 sta. and B1 sta. and less than 0.1 to 2.5 centigrade
for O2 sta. There is a prominent diurnal pattern for the water temperature fluctuation
of the upper layer following the meteorological condition. This temperature variation
can be observed at every station. However, the stations inside the lagoon tend to
have a bigger fluctuation. In contrast with the upper layer, the lower layer water
temperature tends to maintain a colder constant temperature as can clearly be notice
from 4 March to 9 March. The water temperature difference between the upper and
lower layers at O2 sta. is relatively smaller. Moreover, the frequency of abrupt change
in water temperature is much higher than the other stations. These might be
attributed to the fact that O2 station is located at a highly unstable flow area. The
turbulence created by strong currents horizontally and vertically mixes the water
column very well resulting in the smaller water temperature deviation and higher
frequency of abrupt temperature changes. Notice that during the period of weak
current at offshore stations (between 26 February and 27 February); the water
temperature difference is higher than the period of strong current. In general water
temperature inside Puerto Galera bay is warmer than at the outer sea (not shown
here), and the mismatch of water temperature from layers are larger. Furthermore, it
is seen that the differences of water temperature between the upper and lower layers
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tend to be higher at stations which have slower current (B1, B2, B3, B4, C2) than the
stations which have stronger current (C1, C3, 02).
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Figure 29. The water temperature of near-surface, 3m and near-bottom measured
at B1, C2 and O2 sta. The 1-hr averaged and 24-hr averaged are shown as bold and
thin lines.

On 23 February, 25 February and 1 March, the water temperature show abrupt
changes making the water temperature difference between the upper and lower
layers to be highest. This intermittent drop of lower layer water temperature could
also be reproduced in the simulation showing that the cold water were supplied from
outer sea through mainly Manila channel. The sporadic intrusion of cold water based
on numerical simulation is shown in Figure 30. Notice that the clean cold water from
intrusion can reach the inner most part of the lagoon. This hydrodynamic feature can
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greatly enhance the water exchange and mitigate water quality problem at Muelle
cove.

25Feb2007 14:00 25Feb2007 17:00 25Feb2007 20:00

Figure 30. Near-bed water temperature distribution from numerical simulation. Blue
and red colors indicate the cooler and warmer water, respectively.

Spatial variability of the lagoon biochemical properties

The spatial distribution of 7-day-temporal&depth averaged concentration from water
sampling analysis of ammonium, nitrate, nitrite, phosphate, silicate, chlorophyll-a
and turbidity from water are shown in Figure 31. The ranges and average
concentrations of the measuring parameters are given in Table 12. The distribution
of Chlorophyll-a and dissolved oxygen concentration from numerical simulation are
given in Figure 32. The spatial variation of chlorophyll-a concentration between
simulation and field observation agree well showing the area close to Muelle cove
have highest concentration. This area is perceived to receive the largest nutrient
influx from community and pier activities. The turbidity and chlorophyll-a
concentrations display similar distributions which their concentration tend to be
higher along the coastline inside the lagoon, and highest at Muelle Cove. The
distributions suggest their close relationship. It implies that the algal biomass might
be the main contributor to the water turbidity in this area. There is no big river in
Puerto Galera bay’s vicinity to supply suspended sediment. During the survey, the
suspended sediment concentrations were in the range of 1-3 mg/L. For the
distribution of nutrients, most of the nutrients (except ammonium) have higher
concentrations in the bay interior compared to the channel and outer sea areas. This
may be due to the lagoon being a source of algal biomass and nutrients to the
adjacent coastal waters.

Table 12. Ranges of nutrient concentration observed during 25February to 3March,
2007. Number with and without parenthesis mean the concentration bottom and
surface respectively.

Component Range Average value

Chlorophyll a (mg m-3) 0.103-1.618 (0.210-1.688) 0.572 (0.667)

Ammonia (mg/L) 0.010-0.021 (0.012-0.023) 0.016 (0.016)
Nitrate (mg/L) ND-0.086 (0.006) ND-0.103 (0.014)
Nitrite (mg/L) ND-0.022 (0.001-0.008) 0.004 (0.003)
Phosphate (mg/L) 0.004-0.034 (0.007-0.036) 0.023 (0.025)
Silica (mg/L) 0.097-0.427 (0.105-0.615) 0.157 (0.178)

*ND, non-detectable
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Monitoring area

Figure 31. 7-days depth-averaged chlorophyll-a, turbidity and nutrient
concentrations. The data is derived from laboratory analysis of water samples. The
contours are derived from spatial interpolation of data from seven fixed observation

stations reside in the bay.
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Figure 32. Spatial distribution of the depth-averaged total algae, diatom and green
algae classified by Fluoroprobe. The sensor was set to measure five different types of
parameter i.e. diatom, green algae, blue algae, cryptophyta and yellow substance.
However, only diatom and green algae have detectable concentrations.

Table 13 gives the results of algal classification for three consecutive days from 25
February to 28 February 2007 by the fluorometry technique using Fluoroprobe
instrument. The measurement data reveals that only two kinds of algal species are
dominated in the Puerto Galera lagoon i.e. diatom (83%) and green algae (16%). The
presence of other algae (blue algae, cryptophyta) and yellow substances are
negligibly small. The overall distribution of diatom, green algae and total
concentrations are shown in Figure 32. Green algae appear to have high
concentration around the Muelle Cove. The concentration decreases rapidly toward
the channels. Diatom concentrations also elevate close to Muelle Cove. The higher
concentrations of diatom appear at the area of relatively slow flow velocity. Figure 33
is the time history of dissolved oxygen and chlorophyll-a at the monitoring stations.
The chlorophyll-a concentration measured by the memory-type sensors
(COMPATCT-CLW, Alec) agree well with the laboratory analysis of water samples
showing that the higher concentrations can be found at the lagoon interior. The
chlorophyll-a concentrations fluctuate between 0.5 to 2.0 mg/L during the biomass
production peak period and between 0.25-1.00 mg/L during other period. The highest
daily chlorophyll-a concentration at the water surface was around 6p.m. and the
lowest was around 12a.m. Dissolved oxygen concentrations vary between 7 to 8 mg/L
(super saturated) during the biomass production peak period and between 6 to 7
mg/L during other period. Figurel7 also shows the similar behavior of the time history
of chlorophyll-a and dissolved oxygen, revealing the role of phytoplankton to modify
oxygen concentration of the surrounding water. However, the 7day-averaged
concentration of dissolved oxygen during synoptic survey indicates that the amount of
dissolved oxygen inside the lagoon were smaller than that at the outer sea. This might
be attributed to the higher biological consumption of oxygen and demand of oxygen to
decompose wastewater load from the surrounding communities inside the lagoon.
The spatial distributions of dissolved oxygen and chlorophyll-a concentration from the
numerical simulation are shown in Figure 34
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Figure 33. The time history of chlorophyll-a and dissolved oxygen concentration
measured at near-surface and near-bottom respectively.

Table 13. Ranges of algae concentration observed during 25 to 28February, 2007.

Component Range Average value Per cent
Diatom 0.20-1.53 0.64 83.12
Green algae 0.01-0.67 0.12 15.58
Blue algae 0.000-0.045 0.004 0.52
Cryptophyta 0.000-0.245 0.003 0.39

Y ellow substances 0.000-0.035 0.009 1.17
Total 0.23-2.28 0.77 100
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Chlorophyll-a Dissolved oxygen

Figure 34. Spatial distribution of dissolved oxygen and chlorophyll-a from the water
quality model

DISCUSSIONS
Offshore circulation from tide and topographical effects

As can be seen from Figure 26, the fast moving offshore currents appear during
diurnal spring tide in both stations O2, O3. Moreover, the current persistently exhibit
semi-diurnal fluctuations even in the diurnal turnover change of the water level. We
found that the water levels at the two ends of the Verde Passage, within which Puerto
Galera is situated, have different patterns in fluctuation. Figure 35 shows the tidal
fluctuation pattern map around the Philippine region. The water level differences
between the two ends display a semi-diurnal fluctuating pattern having the highest
value during neap tide. The developed water level gradient in the passage induces
current which moves Eastward during low and flood tides, and Westward during high
and ebb tides. The gradients are mild during diurnal tide and correspondingly
generate slower flow in this period. Figure 36 shows the relationship of water level
difference and current speed at stations C1, C3, 02, and O3. The persistent Easterly
flow is attributed to the separated flow created by eddies. During low and ebb tide, the
water moves from the South China Sea toward Sibuyan Sea. The Westerly current
slowly moves towards the west side of Puerto Galera lagoon where the cross-sectional
area of the passage is wide. The currents flow faster when a large volume of water is
force to flow through a narrower cross-section in the North and East side of Puerto
Galera. At these times the overall Westward flow pattern is dominant. Figure 37
shows the overall flow pattern from preliminary numerical simulation. When the
current reverses its direction and flows in the opposite direction during flood and high
tides, the fast-moving current moves from Sibuyan Sea toward South China Sea.
When this current moves into or through slower-moving water on the North and West
side of Puerto Galera, its force displaces the quieter water and captures additional
water. The current oscillates and develops waves along its boundary that are known
as meanders. The meanders break off to form eddies, or pockets of water moving with
a circular motion; eddies take with them energy of motion from the main flow and
gradually dissipate this energy through friction. This locally generated eddies are
responsible for the overall observed semi-diurnal pattern with non-zero unidirectional
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Latitude (*N)

mean flow to the East at the offshore and channels. These eddies may stir the water
column right down to the ocean floor, agitating large amounts of sediment. The strong
eddies cause very well mixing of the algae-rich warmer upper layer with the
nutrient-rich cooler lower layer, thus high productivity and homogenous water
properties over large areas. This process may be an essential process to maintain high
biological productivity in Verde Passage as well as Puerto Galera bay.
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Figure 35. Geographical distribution of tidal types obtained from the ratio of the
dominant diurnal components with the dominant semi-diurnal components
(Magno, 2005).
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Figure 36. Relationship of water level difference between two ends of Verde passage
and flow velocities in North-South (N-S) and East-West (E-W) components at C1, C3,
02, O3 station.
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Figure 37. Snapshots of hydrodynamic simulation showing two current regimes at
PG vicinity. The large counter-clockwise eddies locally modified the general west-ward
flow and create a non-zero mean current at various locations.

Effect of wind and gravity current on the lagoon interior circulation

The currents are much weaker inside the Puerto Galera lagoon compare to the outer
sea. The offshore strong currents enter the lagoon through the Manila Channel during
ebb and low tides and Batangas Channel during flood and high tides. Most of the
waters infiltrated immediately exit the lagoon at other channel. As a result, the
current velocity inside the lagoon is characterized by slow circulation, which has a
different flow pattern compared with the channel stations and the offshore. The
sluggish circulation of the lagoon interior make it one from wind-driven current and
density-driven current to be more evident. Figure 38 shows the 1lhr-averaged flow
velocities measured from the near surface and close to the bottom at station C2. At
almost all times, the current at the near surface (upper layer) and
close-to-the-bottom (lower layer) flow in different directions. This suggests that the
current in the lagoon might have changed from the barothophic mode (vertically
uniform) to baroclinic mode (two-layer flow). Figure 38 also shows the
25hr-averaged flow in two layers in compared with wind. It can be seen that the
surface current moves Northward due to the Southeast wind. In the absence of wind,
specifically the 26 February, the mean current switches its flow direction from the
North. Comparison between wind and surface flow velocity in North-South and
East-West components (not show here), shows that the stronger wind can speed up
the surface water. It can also be noticed that the time lag of surface flow velocity in
response to the wind condition is approximately one day.
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Figure 38. The stick diagram of wind velocity, near-surface and near-bottom flow
velocity measured from C2 station.

The density of the coastal water is generally controlled by salinity and water
temperature. Due to a negligible change in time and space of the salinity at the lagoon,
the larger water temperature fluctuation seems to be the main density modifier and
controls the density-driven circulation. As the cool waters from the outer sea
approach the warmer waters in the lagoon, the cool waters infiltrate in to the lagoon
interior along the sea bottom. This makes the near-surface and close-to-the-bottom
water temperature to be different almost at all time. The surface water temperature is
mainly controlled by the meteorological condition. Close to the bottom of the sea, the
temperature is controlled by of cool waters from the outer sea. It seem that there are
2 regimes of cold water supplies: large amount of cold water infiltration producing
large temperature drop, and small amounts of cold water infiltration for a continuous
yet small decrease in temperature. The 2" regime may be the main contributor in
keeping the difference in water temperature between the upper and lower layer. The
1° regime massive supply of cool water can be noticed at 23 February, 25 February
and 1March. This regime can bring cool water to the inner most part of the lagoon at
Muelle Cove. Its flow characteristics may prove to be very important in enhancing the
renewal of water at the innermost part of the lagoon where the water exchange ability
is thought to be insufficient. Figure 30 and survey data also suggests that the
massive intrusion occur through the Manila channel with a time lag of about 3 hours
for the cool water to travel to the innermost part of the lagoon at B2 station. This
implies that the source of cool water for massive intrusion is from the deep basin in
front of Manila Channel. The deep cool water may approach the lagoon vicinity and
then further move into the lagoon. Interestingly, not every time the approached cool
water may further intrude into the bay, (for example as 28 February in Figure 38).
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The controlling mechanism to trigger the massive intrusion is subject to further
research.

It seems that the wind-driven circulation and density-driven circulation have similar
flow patterns; the surface water flows outward while the bottom water flows inward to
the lagoon. Therefore, this may imply that the wind and density difference in this area
have an additive effect, thus, increasing the intensity of the two-layer circulation.
Both of them contribute to the circulation that enhances the water exchange ability of
lagoon water.

Roles of sporadic gravity current and sandbar to the in-lagoon water
conditions

The residence time of pollution is usually considered to affect a lot the water quality
condition of coastal water. The longer the residence time, the more vulnerable the
coastal water to be degraded in quality. The study employed particle tracking analysis
technique to monitor water residence time from three hydrographic scenarios i.e.
present circulation, the circulation with out gravity current and circulation after
re-opening the sandbar. Muelle cove is chosen to be the area to release 8,000
particles. The calculations run for two weeks. Figure 39 shows close-to-the-surface
distribution of concentration of released particle in various elapse times of each
scenario. If treat particle as pollution from wastewater loaded into the lagoon, it is
clear that the pollutant residence times between case with and without gravity current
are very much different. Wastewater tends to stay much longer without the
intermittent intrusion of cool water from outer sea. This emphasizes the important of
the intrusion to maintain water exchange and water quality inside the lagoon
especially at the inner most part Muelle cove. Minor differences in wastewater
residence time can be noticed between present circulation case and circulation after
reopening the sandbar. This might because the relatively shallow topography of the
sea floor at another side of the sandbar. Although the simulation re-opened the
sandbar with about 20 m. width and 3 m. depth, ability of pollutant to flush out
through this channel was limited.
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Figure 39. Close-to-the-surface distribution of concentration of released particle in
various elapse times of each scenario.
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Anthropogenic nutrient loads and biochemical properties

Euthophication is a well known environmental problem caused by over nutrition from
wastewater discharged from human activities along the coastal zone. The problem
has recently doomed the natural coastal ecosystem including Puerto Galera lagoon.
The gradual decline in its water quality in the lagoon has become an important public
concern and is considered to be a result of various factors, e.g., increase in tourist
activities, deforestation and urbanization with poor wastewater management. To
mitigate the foreseeable water quality problems, the studies employed developed
water quality model running three scenarios in which nutrient influx are different. The
location of to discharge various environmental load is at Muelle pier.

The results of simulation are shown in Figure 40. It can be seen that the water
quality in term of dissolved oxygen concentration are different in each cases. Halved
the wastewater load can increase dissolved oxygen concentration. In contrast three
times increase in wastewater load will further reduce concentration of dissolved
oxygen. In term of phytoplankton biomass the more wastewater load, the higher
concentration of phytoplankton biomass. As discussed earlier, in PG lagoon the
availability of phytoplankton in water column govern turbidity and can further block
the sunlight to reach sea floor. Although, have not yet include in the calculation, this
characteristic can further deteriorate to the benthic communities fating out dissolved
oxygen production. Furthermore, the phytoplankton detritus after they die can settle
down easily to the sea bed in the sluggish circulation in side the lagoon especially at
Muelle. Decomposition will take place and consume large amount of dissolved oxygen.
Therefore, large area of high chlorophyll-a concentration is greatly vulnerable to the
degradation of the benthic ecosystem and appearance of hypoxic water in future.
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Figure 40 Water quality simulation results from three different rate of wastewater
discharge in Muelle cove.

PG lagoon water is also sensitive to the nitrogen nutrient addition which is a common
substance from anthropogenic sources. The average Si:NO3:PO4 value during the
synoptic survey was determined to be 7:2:1; much lower than the modified Redfield
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ratio of 15:16:1. This is an indication of nitrogen limitation. Since concentration of the
nutrients in seawater changes in relation to the fixed concentration ratio in the
organisms, the ratio in the organisms obtained indicates that the system (i.e. the bay
and associated primary producers) would be very sensitive to any significant increase
in nitrogen. However, the absence of any temporal or spatial variation trend for
phosphate and silicate seems to be associated with the less sensitive response of the
system to nitrogen as implied by the observed ratio.

3.1.2 Socio-physical monitoring for mitigating water quality deterioration in
Puerto Galera’s tourism areas

The results of the interview survey in percentage were plotted in a uniform way
following the convention and legend as shown in Figure 41. All the corresponding
data for tourism sector were placed on the left side while those for household sector
were placed on the right. Through this way, comparisons between household and
tourism sectors and among the three tourism sites are possible.
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Figure 41. Legend and convention used in showing the interview survey results.

Availability of sanitation facilities

In Figure 42, advance toilet facilities as indicated by flush-type toilet were found in
all tourism establishments in White Beach and in most establishments and households
in Sabang and Muelle. However, most households in White Beach had pour-type
toilets.

63



100 30 0 50 100

toilet/fush type [ R

toilet/ pour type @

latrine fantipalo type

combination (flush&pour type toilet) E m

combination [pour type
toilet&latrine)

no answer

Figure 42. Type of toilet facilities.

It does not mean that if a house or an establishment is equipped with advance type of
toilet, the sewage disposal facility is also of good quality. In Figure 43, the sewage
from toilet ended up sealed-type septic tanks in most establishments located Sabang
and in majority of households in Muelle and White Beach. All establishments in White
Beach and most establishments in Muelle had open-type septic tanks. Despite most
households in Sabang had flush-type toilets, they did not have septic tanks and
disposed wastes into individual pit.
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Figure 43. Type of sewage disposal.

Generally, flush-type toilet consumes more water to carry down the waste than other
types. The combination of flush-type toilet and pit as sewage disposal means may
result to greater load of waste to end up into the bodies of water. This is the case of
Sabang household sector. The household sectors of White Beach and Muelle and
tourism sector of Sabang got better facilities to control pollution in terms of toilet and
sewage disposal facilities.
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Local peoples’ sanitation practices

As of activities involving the use of water shown in Figure 44, the household sector
claimed that water usage was dominantly for food preparation, cleaning/laundry and
bathing activities. In contrast, responses from tourism sector varied among the sites.
For White Beach, bathing was the leading activity using water, followed by
cleaning/laundry and food preparation. For Sabang and Muelle (though much lesser in
degree), cleaning/laundry was the main use of clean water. Among the three tourism
sites, Muelle had the least amount of activities related with water usage.
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Figure 44. Activities related with water usage.

In White Beach, regardless of sector, the discharge of waste water, refer to Figure 45,
was directed toward the soil. This was also true for the tourism sectors of Sabang and
Muelle. But since the location of the business establishments was along the shoreline,
waste water almost directly discharged into the sea. On the other hand, the household
sectors in Muelle and Sabang discharged waste water into either open canal or bodies
of water.
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Figure 45. Point of discharge of wastewater.
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As plotted in Figure 46, most establishments from all tourism sites and most people
residing in White Beach denied contributing to water pollution. The residents in Muelle
and Sabang admitted to have contributed to seawater deterioration.
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Figure 46. Do people regard themselves as contributor polluted water?

Generally, those people who discharged waster water into the open canal / bodies of
water were aware that they had taken part in polluting seawater. However, most
respondents, especially those from the tourism sector, denied polluting the seawater.

Perception toward seawater quality

Shown in Figure 47, most people in Sabang recognized that seawater had
deteriorated while most people in White Beach claimed that seawater had remained
clean. The people in Muelle had divided opinion, those from household sector
observed that seawater became polluted while those from the tourism sector think
that seawater had not deteriorated.
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Figure 47. Perception on seawater quality deterioration.
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In Figure 48, color, followed by algae and turbidity, was the leading indicator of
water pollution according to Puerto Galera people. Between the two sectors, the
household sector seemed to be more sensitive to recognizing polluted water.
Apparently, the duration of water pollution (refer to Figure 49) in Sabang as detected
by the people was the longest.
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Figure 48. Indicators of seawater quality deterioration.
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Figure 49. Duration of polluted water.

In Figure 50, the seawater quality parameters, as measured using data-logging
sensors (as discussed in the previous chapter) were plotted in their normalized values.
Noticeably, White Beach got the cleanest water among the three sites. Muelle was
highly turbid and Sabang got highest bluegreen algae value. The results of water
quality measurements and the observations of the local residents in terms of algae
and turbidity showed a positive correlation as plotted in Figure 51. The survey
results along Batangas channel were added just to increase the number of samples.
This figure confirmed that even without water quality measuring devices, people are
capable detecting pollutions either through observations. However with the presence
of a strong indicator such turbidity in Muelle and bluegreen algae in Sabang, the
weaker indicator, such as bluegreen algae in Muelle and turbidity in Sabang, was
overlooked by the respondents.
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Figure 50. Measured seawater quality parameters (normalized values).
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Figure 51. Correlation between perception and measured parameters on water

In Figure 52, those interviewed in Sabang attributed the seawater pollution to
themselves. While people in White Beach, blamed the boat/ship and tourist.
Households in  Muelle attributed pollution to themselves and to
hotel/restaurant/resort, but those from business establishments pointed to boat/ship,
tourist and yacht as causes of pollution. There was the tendency of the respondents to
blame others for seawater deterioration as in the case of the tourism sector.

In Figure 53, most people in Sabang recognized the negative effects of water
pollution to health and safety, and tourist attraction. In Muelle, majority of those from
tourism sector did not see any problem with pollution and those from household
sector could only identify aesthetics as main impact of water pollution. In White Beach,
loss of tourist was considered as the main problem pointed out by the household
sector, while the effect on biota was identified by the tourism sector. It seemed that
the tourism sector in Sabang is aware of the various impacts of pollution to
environment and society. However those from the household sector recognized few
impacts of pollution.
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Figure 52. Causes of seawater quality deterioration.
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Figure 53. Effects of seawater quality deterioration.

In Figure 54, most people residing in Muelle and White Beach, had no untoward
experience with the current seawater quality condition. However in Sabang, many
had suffered from diseases/ allergies due to polluted water. Thus, the people of
Sabang gained awareness of water pollution and its negative impacts based on
personal experience.

In Figure 55, many people, especially the household sector from Sabang, believed
that water quality management is a joint effort among local government, various
government agencies, resort/hotels, local people and some NGO’s. Cooperation
among various interest groups with guidance and support of government seemed to
be the accepted seawater management type.
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Figure 54. Effects on personal health of seawater quality deterioration.
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Figure 55. Actors of seawater management.

In terms of possible ways to help improve water quality, the responses varied
between household and tourism sectors among the three sites as plotted in Figure
56. Apparently, information campaign got the highest response among the household
sector.

As shown in Figure 57, the people in Muelle, particularly from the household sector,
were not willing to pay some fees for improving facilities intended for maintaining
good water quality. On the other hand, the people in Sabang were more willing to
contribute. Seemingly, those people who had an awful experience with water pollution
were the ones who are more willing to contribute for water quality improvement.
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Figure 56. Tools of seawater management.
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Figure 57. “Willingness to pay” for seawater management.

3.1.3 Monitoring by remote sensing

In Figure 58, the classification results of Aster image datasets were combine
to show the pattern of land cover change, including built-up expansion. The increase
in area covered by built up, whether household or tourism, from 2001 to 2005, were
plotted in Figure 59.

The development in Muelle was scattered and the increase in area was minimal,
about one hectare in four years. While in White Beach, there was almost 100%
increase in four years, however, new built up areas were dispersed further from the
shoreline. In contrast, the expansion of development was concentrated along the
shoreline. Assuming that accessibility or proximity to the sea is proportional to its
impact, then, Sabang can pose greater threat to water quality.
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In terms of other land cover, Table 14 shows the area covered by built-up, forest and
grass in 2001 and 2005, respectively. Land conversion occurred in White Beach,
wherein as built-up and grass coverage had about 100% spatial growth but forest got
20% reduction. On the other hand, Sabang had the least land use change. The
probable cause for the variances in the change pattern is the dependency of the local
people to tourism as sources of livelihood. The people of Sabang are inclined to get
closer to the coastline and get involve in business related to tourism. While the people
of Muelle and White Beach, have other economic activities beside tourism.
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Table 14. Land cover change (in hectares)from 2001 to 2005 based on Aster image

classification.

MUELLE built forest Grass
New (2005) 6.8 30.1 19.2
Old (2001) 2.61 354 16.8
unchanged 2.2 25.5 9.4
SABANG built forest Grass
New (2005) 2.2 30.7 14.3
Old (2001) 1.8 29.2 14.3
Unchanged 1.0 24.1 7.3
WHITE BEACH built forest grass
New (2005) 6.7 55.2 314
Old (2001) 31 70.8 16.9
unchanged 24 50.0 9.8
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E Jan-01
o O Sep-02
B Feb-03
" O Feb-05
T 6 —
=
£
4]
L 4 =
<
|
0

Sabang Muelle White Beach
Figure 59. Built-up area expansion

3.1.4 Creation of GIS for household, tourism infrastructure and facilities

The GIS enabled various data to be spatially connected and be viewed
simultaneously. The results of the tourism establishment survey, GPS mapping, water
quality measurements and remote sensing classification were just some of the data
incorporated in the set-up. In Figure 60, an example of the data incorporated in the
GIS is shown. Tourism establishment details can be viewed instantly by simply
pointing into a particular location. These data is overlaid against the Quickbird
satellite image to allow reference to other coastal resources surrounding the point of
concern.
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Further analysis could be derived in the light of all available data through GIS,
such as of statistical- and spatial-types. Thus, it is possible to maximize the utilization
of all existing data for more understanding of the physical and social environment.
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Figure 60. A GIS set up for Puerto Galera.

3.1.5 Analysis and implications for management

With the continuing growth of tourism and population, the construction of new hotels
and modern houses are coping with the demand but not in the case of sewage
collection and treatment facilities. Still, there is no existing sewage collection and
treatment facility in Puerto Galera, and also, a number of houses do not have septic
tanks. Effluent loads to the sea come from the open canal, except for White Beach,
through which most households put in their waste water. This sector admitted to have
contributed to seawater deterioration. On the other hand, the location of the tourism
establishments is so close to the shoreline, as in the case of Sabang, thus, additional
sewage effluents from them directly pollute the seawater but they denied polluting
the sea. Admission of the problem and environmental awareness are the fundamental
steps in solving water deterioration problem.

The household sector seemed more sensitive in detecting polluted water probably due
to their infrequent visits as compare with those from the tourism sector who got
immune because of their daily exposure to the sea. Nonetheless, ordinary people can
spot pollution through some indicators. Through information campaign and training,
these people can do water quality monitoring and can supplement additional
information those provided by sensors.
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With the preference to information campaign as a tool to solve water quality, it
reflects the inadequacy of information about environmental condition and its impact,
and the people’s desire to acquire knowledge about the environment. This is a
preventive way of addressing a problem. Through this, it is possible to avoid
experiencing the harsh consequences, such as spread of diseases and loss of tourist,
before the realization of the consequences of seawater deterioration.

Devising a monitoring scheme (whether involving data-logging sensors and people’s
perception) and developing a good spatial information database through various
sources would serve as a start of point for assessment of environmental condition and
would help determine areas needing immediate measures. A collective participation
of all sectors in the process of monitoring and planning would facilitate acceptance of
environment program.

3.1.6 Summary

There is inadequate facility for sewage collection and treatment in Puerto Galera. However,
differences in peoples’ sanitation practices, as in the cases of White Beach and Sabang,
show variation in the amount of pollutants to the seawater. And also, the carrying capacity
of the sea to absorb waste water in the three tourism site is affected by the governing
hydrodynamic circulation. Monitoring of the seawater quality is necessary to know the
various factors involve in water quality deterioration.

The people are capable of monitoring. They have the desire to learn more about their
environment through information campaign. Best of all, they are willing to contribute for
the improvement of the water quality condition.

There were not enough information about the physical environment and the spatial
distribution of social and tourism data. Through mapping and creation of GIS, the
assimilation of available data into a more comprehensible can help maximize the utilization
of data for uplifting environmental awareness and for proper management of the coastal
ecosystem.
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3.2 Bolinao, Pangasinan (Philippines)

This section on the Bolinao study describes the results of field observations and
analysis of collected data and samples, and identifies milkfish culture impacts on the
coastal ecosystem and mechanism of massive milkfish Kkills.

3.2.1 Nutrient Distributions

High feeding input from fish cages and pens contributes significantly to high nutrient
levels in the aquaculture area (Table 15). Nutrient concentrations in the reef area, on
the other hand, were quite low compared to those in the aquaculture area. However,
even those levels were way beyond the optimal levels (TN: 0.1pumg/l, TP: 0.01pumg/l)
for corals, implying that water which have high nutrient concentrations may drift in to
the reef area from the aquaculture area. In addition, high nutrient level can be
considered as one of the major causes of destruction of the ecosystem in Bolinao reef
complex.

Table 15. 6-day-averaged concentration of dissolved
nutrients from water sampling analysis

Station ~ TDN PO4  S(OH)4
2 11.59 1.42 6.62
4 0.98 0.18 4.58
5 1.19 0.18 4.47
6 0.97 0.16 4.72
8 1.31 0.16 4.25
9 1.20 0.17 6.45
10 4.43 0.58 8.58
11 12.82 1.50 11.78
12 15.05 1.75 10.20

TDN: Total Dissolved Nitrogen (NH4, NO3, NO,)

3.2.2 Current Structure in the Aquaculture Area

Tide-averaged flows in east channel were in the direction of the aquaculture area,
while those in the north channel were directed offshore, suggesting that outer sea
water mass comes into the aquaculture area through east channel and go out to outer
sea through north channel (Figure 61). Therefore, it can be said that polluted water
disperse to reef area mainly through the north channel. Also, fish structures along the
channel should be demolished to allow water flow freely and flush out pollutants to
outer sea effectively.
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Figure 61. The 25-h-averaged velocity vectors
at Station 1 in the north channel and Station 11
in the east channel

3.2.3 Spatial and Temporal Variation in Chlorophyll-a Distributions

As consequence of high nutrient levels around fish cages and pens, chlorophyll-a
concentrations in the area have much higher value compared to in the reef (Table
16).

Table 16. 6-day-averaged chl-a concentration from water sampling analysis

Station 2 4 5 6 8 9 10 11 12
Chl-a
U mg/l)

942 040 040 039 037 0.71 329 7.13 16.33

Observed data revealed that chl-a value tend to increase drastically in the aquaculture
area (Stations 11, 12) during neap tide (Figure 62). Relatively low velocities during
that period cause the weak vertical mixing and low tidal exchanges between the outer
sea and aquaculture area. Consequently, phytoplankton blooms tended to occur
during neap tide.
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Figure 62. Time series of (a) Chl-a at Station 12, (b) water level in the outer sea, (c)
flow velocity at Station 1

3.2.4 Spatial and Temporal variation in Dissolved Oxygen

High dissolved oxygen levels were observed in the reef area (Stations 4, 5) due to
high oxygen productivity by the photosynthesis of abundant seagrass (Figure 63).
Boyd and Lichtkoppler (1979) gave optional levels of dissolved oxygen (about 5 mg/L),
for milkfish growth in tropical waters. Based on the observed data, dissolved oxygen
near fish cages (Stations 11, 12) were less than the optimal level due to oxygen
consumption by decomposition of organic matter, suggesting that the fundamental
cause of the massive fish kills was the lack of dissolved oxygen in the cages and pens.
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Looking at time variation of dissolved oxygen near the bottom at Station 12, in a lunar
period, dissolved oxygen reached near-zero level during neap tide, especially on
November 20 (Figure 64). Dissolved oxygen is replenished via plant photosynthesis
and diffusion across the air-sea interface, both of which are limited to the surface
water. Dissolved oxygen near bottom layer is enhanced by vertical mixing regimes.
However, during ebb tide, flow current is quite calm and vertical mixing is weak.
Therefore, dissolved oxygen levels tend to be low during ebb tide. Also, increase in
oxygen consumptions by decompositions of organic matter corresponding to
phytoplankton blooms during ebb tide is another critical factor for dysoxic
environment.
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Figure 64. The time variation in dissolved oxygen near bottom
at Station 12
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3.3 Shiraho Reef and Todoroki Watershed (Japan)

Field observation

3.3.1 Meteorological state

Figure 65 shows the time series of the wind velocity, atmospheric pressure at sea
level and precipitation during the observation period. For wind velocity, north- and
eastward wind is defined positive. During period of 3 to 7 August 2005, typhoon no.9
struck Ishigaki Island and wind direction showed drastic change around 20 pm on
August 4 as the typhoon passed over the island. The maximum 10 minutes average
wind velocity during the typhoon was 27.9 m/s. The atmospheric pressure at sea level
declined down to 960 hPa. Total amount of precipitation by this typhoon was 215 mm.
There was another precipitation on 19 to 20 August during observation period with 45
mm in total amount with relatively week wind less than 10 m/s
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Figure 65. Time variation of wind velocity, precipitation and
atmospheric pressure. For wind velocity, north and east direction is
positive.

3.3.2 Oceanographic state

Figure 66 shows the time variation of mean water level observed at Stn.O2
indicating the tidal range was about 1.5 m at the spring tide and about 0.9 m at the
neap tide. Effect of storm surge on the water level was observed during typhoon
period in correspondence with the decrease in the atmospheric pressure and the
increase in the shore-directed component of wind.

Figure 67 shows the variation of significant wave height and period at Stn.02. High
wave condition was observed during 25 to 27 July, 3 to 7 August, 11 to 14 August with
significant wave height more than 1 m. At the same time, the significant wave period
was relatively long from 9 s to 12 s representing dominance of swell. Especially during
typhoon period, from 3 to 7 August, the significant wave height attained 4.5 m.

80



Mean water level (m)

O : : : : : :
724 28 81 5 9 13 17 21(day)

Figure 66. Time series of mean water level, significant wave height and
significant wave period observed at Stn.02.
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Figure 67. Time variation of wind velocity, precipitation and tidal
residual current at Stn. R3 and R8 during typhoon period. North and east
direction is positive, respectively.
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3.3.3 Current characteristics during typhoon

Precipitation, north-south wind velocity and north-south tidal residual current at
Stn.R3 and R8 during typhoon are given in Figure 67. Northward components both of
wind velocity and current are taken positive. With the passage of the typhoon, wind
changed drastically in its direction from south to northward as described before.
Corresponding to the change in the wind direction, the tidal residual current at Stn.R5
and R8 became stronger toward north. Figure 68, which plots the north-south tidal
residual current at Stn.R5 against the significant wave height at Stn.O2 in outer reef,
shows the magnitude of tidal residual current was different according to the wind
condition even though the significant wave height was almost the same. Tidal residual
current during the period with strong south wind was nearly two times larger than that
during period with weak wind. Obviously the differences of velocity between two cases
were due to wind indicating importance of wind-induced current effect.
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Figure 68. Relationship between significant wave height and tidal residual
current at Stn.R5. Rectangle plots show when south wind was dominated and
circle plots show when wind was weak. North direction is positive.

Effect of the current induced by strong wind, however, did not uniformly appear in the
reef. There are clear differences in the tidal residual currents between Stn.R3, R5 and
R8 during the period dominated by north wind. The velocity was stronger at Stn.R3,
R5, R8 in increasing order (Figure 69). This indicates that as northern the station is,
or to be more precise, nearer to the Toru-guchi the station is, the northward current
became stronger. A current pattern of the reef has been observed by previous
research™® which shows flow toward Toru-guchi is predominant during fine weather.
Fig.8 indicates contribution of topographic circulation flow generated by Toru-guchi to
hydrodynamic of the reef is dominant even in condition with strong wind like typhoon
period.

82



20 e Nogth wmd doémlniant
OO T VOO U] JOUEAOON - OO - .-.
- gpe@eTe
7 | U :A: ....... A
32 gt e
£p w90 o T o
25 O T3)
L © S ) o @)
o e T Gt G
28 ........... ARS ----------------------- Feeeena N A
N O RS i
770 | R S S N S S N N N
0 1 2 3 4 5

Significant wave height (m)

Figure 69. Relationship between significant wave height and tidal
residual current at R3, R5 and R8.

3.3.4 Sediment discharge during the typhoon

Chlorohyll-a and turbidity sensor and depth gauge were installed at Stn. B1 for the

entire period of observation. However due to failure of the sensor, turbidity data could
not be obtained. Alternatively L-Q equation below was derived to estimate the total

sediment discharge during typhoon.

L=aQ® 3)

in which L is total sediment loads; Q is total river discharge; @, b are coefficients. For
determination of the coefficients, sediment discharge data monitored by the authors
at Stn.B1 were used giving,

a=0.0001, b=2.7045, r =0.673

The total river discharge Q was calculated by integrating river discharge, from 7am 3
to 2am 6 August when rain started and finished (Figure 70). From equation (3), total
sediment discharge was estimated as 145 tons. This is even equal to the total
sediment discharge of about 160 tons during rainfall of 31 May to 1 June 2001 when
corals were heavily damaged. This indicates that relatively large sediment discharge
occurred during the typhoon.
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Figure 70. Time variation of river discharge at Stn. B1

3.3.5 Factors affecting turbidity increase during typhoon

Figure 71 shows time variation of salinity, turbidity at Stn.R5, R8, and significant
wave height at Stn.02. Salinity at Stn.R5 and R8 remarkably declined at second half
of typhoon period. At the same time turbidity at both stations increased
correspondingly. As Stn.R8 is located near the Todoroki river mouth, the fluctuations
of salinity and turbidity were to be effect of river plume from Todoroki River. In the
same way the decrease in salinity at Stn.R5 is likely due to the effect of river plume
that was transported by wind-induced current during south wind.

Meanwhile there occurred an appreciable increase in turbidity at Stn.R5 in the first
half of typhoon period. Unlike the case of turbidity increase at the second half of
typhoon period, salinity at Stn.R5 remained high while turbidity decreased. This
means turbidity increase in the first half of typhoon period was not due to the river
plume. The nature of turbidity increase against salinity fluctuation at Stn.R5 was
completely different between first half and second half of typhoon period (Figure 72).
In the second half of typhoon period, salinity decreased as turbidity increased. On the
other hand, salinity did not fluctuate even when turbidity increase in the first half of
typhoon period. Significant wave height was high at the first half of typhoon period
and was low at the second half of typhoon period. This suggests that turbidity increase
at the first of typhoon period was caused by resuspension of sediments from the sea
bed. Thus, turbidity may increase not only by sediment discharge from adjacent land,
but also by re-suspension of sediments deposited on the sea bed. This mechanism
controlling water quality in the reef is not negligible.
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Figure 71. Time series of salinity, turbidity at Stn.R3, R8 and significant
wave height at Stn.O2 during typhoon.
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Figure 72. Relationship between salinity and turbidity at Stn.R5 during
typhoon period

3.3.6 Water quality in the reef after passage of typhoon
Figure 73 shows concentrations of phosphorus in the reef at 26 July and 8 August

which correspond to the concentrations before and after typhoon passage,
respectively. The concentration of phosphorus increased after typhoon. Especially in
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area north of Todoroki river mouth, concentration of phosphorus was relatively large,
probably because river plume with large amount of nutrients from Todoroki river was
transported by the northward current during typhoon.

Concentration of chlorophyll-a gradually increased as solar radiation became stronger
after typhoon passed (Figure 74). Finally the concentration of chlorophyll-a became
3 to 4 times larger compared to the concentration before typhoon. This indicates that
primary production in the reef may be promoted by concentrated supply of nutrients
during atmospheric disturbance.

Chloropyll-a(u g/L)
A

Solar radiation (MJ/ m?)

A I

2425 262728293031 1 23 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 19 20 21 22
July August (day)

o Fr N W

Figure 74. Time series of chlorophyll-a and solar radiation per day. Rectangle plots
are chlorophyll-a concentration obtained from sampling analysis.

Numerical simulation

3.3.7 Reproducibility of current during typhoon

Figure 75 is an example of the computational results of current and time variation of
wind during the typhoon. The results show the trend of characteristic pattern of flow
during the typhoon in which current is directed south during the period with northwind
and is directed north after northwind changed to southwind. Comparing time series of
computational results with observation results for the velocity of tidal residual current
(Figure 76), computational results agree relatively well with the observation data for
N-S direction. For E-W direction, the computational velocity at Stn.R8 has some
difference with the observed velocity. Figure 77 shows computational and
observation results on the water depths at Stn.R3 and R8. As the computation does
not take account of the effects of storm surge, the water level is lower than the actual
water level when the effect of depression of suction and eastwind toward shore was
strong.

3.3.8 Contribution of wind stress to current in the reef under strong wind

Figure 78 shows tidal residual current computed for two different cases; the casel is
computed including wind term and the case2 is computed excluding wind term. As the
results of casel show, changes in current direction correspond to the wind variation,
while the results of case2 do not show correlation with wind characteristic. The
difference of velocity between the results of these two cases shows similar trend of
fluctuation to the wind velocity fluctuation which indicates clear influence of wind
stress to current in the reef (Figure 79). In addition the difference of velocity
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between two cases is not homogeneous in the reef. The maximum difference is 14
cm/s at Stn.R8, while 13cm/s at Stn.R5, and 8cm/s at Stn.R3. This shows that the
effect of wind stress become stronger as the station move to north. Meanwhile field
observation data indicates intensive flow toward Toru-guchi caused by circulation flow
and the degree of influence by the circulation flow was larger near the Toru-guchi.
Consequently it can be said that effect of wind stress become weaker and instead
effect of circulation flow become dominant as it get closer to Toru-guchi.
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Figure 75. Time series of wind velocity and snapshots of computed current

distribution in the reef before and after typhoon passes.
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Figure 76. Time variation of tidal residual current derived from computation and field
observation at Stn.R3 and R8.
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Figure 77. Time variation of water level derived from computation and field
observation at Stn.R3 and R8.
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Figure 78. Time variation of computed velocity for tidal residual current derived from two
different cases at Stn.R3 and R8. Casel: computation with wind. Case2:
computation without wind
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Figure 79. Flow velocity difference between computation with wind stress and
computation without wind stress at Stn. R3, R5 and R8.
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3.3.9 Historical land cover change (Todoroki watershed)

The time history (1984-2003) of land cover of Todoroki watershed (Figure 80) based
on Landsat satellite image analysis showed dynamic changes. Each land cover map is
a snapshot in time, thus, affected by a range of factors including cultivation activities.
Land cover in the watershed has changed as a result of farm development in the
earlier years and due to seasonal dynamics of agricultural crops as affected by
planting and harvesting activities. A general decline in forest or ‘trees’ areas and an
increase in bare and sugarcane areas were notable (Figure 81a). Most bare areas in
a land cover map were actually sugarcane areas when compared with previous or
succeeding land cover maps. A significant portion remains as grassland over the years,
serving as pasture areas or source of grass for feeding cows being raised in the
watershed and nearby areas. Sugarcane coverage showed progression through the
seasons (Figure 81b). Coverage was lowest during summer (a planting season) and
increased through the autumn period. Highest coverage occurred during winters,
presumably prior to the harvesting of the crop. Note the declining forest coverage
over the summer and autumn years.

S98

Legend
- Trees - Sugarcane - Grass | vt padidy - Bare | | Mulch - Shallow water

Figure 80. Land cover (1984-2003) of Todoroki watershed (Ishigaki Island, Okinawa,
Japan) derived from Landsat-5 TM and Landsat-7 ETM+ images. (Todoroki River is
shown in black lines. Labels indicate season and year, e.g. S84 — Summer 1984)
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(b) Todoroki Landcover Composition by Season
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Figure 81. Land cover of Todoroki watershed based on the analysis of 12 Landsat
images: (a) time history (1984-2003) and (b) land cover composition by season.
Broken lines indicate linear trend for each cover class.
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3.3.10 Historical benthic cover change (Shiraho Reef)

Benthic cover of Shiraho Reef changed dynamically with coral coverage generally
decreasing and algal coverage increasing (Figs. 82, 83). Coral cover was greatly
reduced in areas close to the Todoroki River mouth. In the nearshore areas of the reef,
coral cover generally decreased more compared to coral cover close to the reef edge.
Coral cover was evidently minimal in 1999, primarily due to the mass coral bleaching
in 1998. Declines in coral cover were usually associated with increasing dominance of
algal cover (Figure 83). In contrast to corals, macrophytes were almost always
present in nearshore reef areas. Algae were abundant in areas adjacent to Todoroki
River mouth. They even colonized significant portions of pavement rock in these areas.
Algal coverage peaked in 1999 after the corals have been greatly diminished due to
bleaching coupled with other stresses.

For the entire Shiraho Reef, a decreasing trend in coral cover is evident (Fig. 83a). In
1984, about 32% of the reef area is dominated by corals. By 1997, prior to the 1998
coral bleaching, coral cover was down to just 21%. Lowest coral coverage was
detected in 1999 at 12% accompanied by maximum algal coverage at 65%. Coral
coverage can be much lower than this percentage immediately after the bleaching
event. From 1999 to 2002, coral cover increased, signifying recovery of corals from
the effects of bleaching.

Northern Shiraho Reef exhibited a decreasing trend in coral cover and increasing
trend in algal cover (Fig. 83b) over the pre-bleaching period. As before, coral
recovery from bleaching was detected from 1999 onwards. On the other hand, coral
cover in southern Shiraho Reef for the pre-bleaching period did not manifest
significant trends, though there were considerable fluctuations in percentage cover
(Fig. 83c). However, the increasing trend in algal cover appeared to be more
pronounced than in the northern Shiraho Reef. As a result of the 1998 mass coral
bleaching, coral cover in southern Shiraho Reef dropped from 22% in 1997 to just
around 9% in 1999. This was followed a period of recovery until coral coverage reach
about 20% in 2001 and 2002.
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Figure 82. General benthic cover (1984-2002) of Shiraho Reef (Ishigaki Island,
Okinawa, Japan) derived from Landsat-5 TM and Landsat-7 ETM+ images,
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Figure 83. Time history of benthic cover (1984-2002) in Shiraho Reef: (a) whole
Shiraho Reef, (b) northern Shiraho Reef and (c) southern Shiraho Reef
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3.3.11 Time change of nutrient concentrations near Todoroki River mouth

Nutrient and suspended solid (SS) concentrations monitored at station T1 during a
typhoon in summer 2005 are shown in Figure 84The almost continuous rains on 4
August resulted in a gradual increase in river discharge. Stronger rains on 5 August
resulted in higher river discharge and rapid increase thereof. SS concentrations
dramatically increased particularly after intensive rainfall events, with SS peaks
nearly coinciding with high river discharges (Fig. 84a). This indicates the combined
influence of erosive power of strong rains and transport capacity of resulting surface
runoff. TP was directly proportional to SS and total dissolved P (TDP) constituted only
a small percentage (<10%) of TP (Fig. 84b). Phosphorus readily absorbs to fine
sediments and thus mostly occurs in particulate form in this watershed. In addition,
TDP exhibited greater variability. A decreasing trend of TDP was observed during
monitoring period | while an increasing trend was evident during second monitoring
period I1. TN (4-7 mg I"") did not exhibit a clear trend during monitoring period | but
showed a decreasing trend during period Il. N occurs mostly in dissolved form with
total dissolved N (TDN) accounting for about 67% on the average and as much as
87% of TN. A gradual increase in river discharge (period I) gave rise to an increasing
trend or ‘concentration effect’ (Webb and Walling 1985) in TDN (Fig. 84b). However,
abrupt increase in river discharge (period Il) led to a ‘dilution effect’” (Webb and
Walling 1985) on TDN, with the lowest TDN concentration (2.2 mg I nearly
coinciding with the first river discharge peak. In both cases, TDN tended to reach near
equilibrium after the preliminary increase or decrease in concentration. Total
particulate N (TPN) did not manifest a clear relationship with SS nor with river
discharge and had greater variability compared to TDN.

Two major rainfall events were captured during the deployment of the MicroLAB
instruments (Fig. 85a). Rainfall event A is relatively stronger but of shorter duration
compared to event B. As a result, the increase in river discharge is much higher during
event B. The rainfall events caused turbidity increases (Fig. 85b) in Todoroki River
with turbidity being directly proportional to rainfall intensity. Chlorophyll-a
concentration changes in accordance with changes in turbidity. A general increase in
nitrate concentration was observed (Fig. 85c). During periods of relatively higher
river discharge, NOz-N concentration drastically decreased in direct proportion to river
discharge, indicating dilution effect especially for events A and B due to the
dominance of surface runoff. However, as the water level subsides, NO3z-N
concentration tends to increase gradually over a period of days during low flow
conditions. This is attributed primarily to groundwater contribution resulting from
previous rainfall events. River discharge shifted from being surface runoff-dominated
during storm events to baseflow-dominated during low flow periods. Indeed, strong
rains produce surface runoff but at the same time cause leaching of nutrients and
increase groundwater flow, hence, the increasing trend in NOs-N concentration. Both
NO3-N and PO,-P fluxes (Fig. 85c) correspond to changes in river discharge though
increase rates during high flow condition were different. PO4-P flux increased a
hundred fold while NOs-N increased about 10 times only. The average NOs-N fluxes
for the flow periods considered in Table 17 did not vary much. On the other hand,
average PO4-P fluxes were higher during high flow conditions. Event A and event B
discharged about 150 and 900 kg NO3-N, respectively. During low flow periods, the
river also outputted considerable loads of NOs-N. For example, between events A and
B, 670 kg of NO3-N were discharged over a period of around ten days. The actual total
P discharged can be considered to be more than 10 times the computed discharged
amount of dissolved PO4-P, based on findings from nutrient monitoring in summer
2005. These observations underscore the importance of continuous monitoring of
nutrient discharge.
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(&) Todoroki Rainfall, River Discharge and Suspended Sediments (4-5 August 2005)
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Figure 84. Concentrations of (a) suspended solids and (b) nutrients at Station T1
(near Todoroki River mouth) analyzed from water samples collected on 4-5 August

2005
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Figure 85. Todoroki monitoring data (Summer 2006): (a) Rainfall and river
discharge, (b) Turbidity and chlorophyll-a and (c) Time history of NOz-N concentration
(mg/L) at Station T1 (near Todoroki River mouth) obtained using an in-situ nutrient
analyzer (MicroLAB). Shown also in (c) are the discharge rated for NOs-N and PO,4-P.
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Table 17. Nitrate and phosphate fluxes from Todoroki River during low and high flow
conditions shown in Figure 80

Dissolved nutrient fluxesfrom Todor oki River (23 August — 22 September 2006)

Time Period Dissolved NO3-N Dissolved PO4-P

(Calculation period) Discharged | Averageflux | Discharged | Average flux
amount (kg) (kg hrh) amount (kg) (kg hrh)

Before event A 703.9 2472 6.3 0.021
(over 12 days 18 hrs)
Event A 149.7 2.136 1.8 0.078
(22 hrs)
Between event A and B 674.9 2.146 6.2 0.027
(9 days 11 hrs)
Event B 900.5 2.069 17.5 0.456
(over 1day 17 hrs)
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3.4 Regional sediment discharge modeling

3.4.1 Empirical relationships

Analysis of sediment discharge against basin area (Figure 86a) shows a strong
correlation in support to similar relationships establish in numerous other studies
(Chorley et al. 1984, Milliman et al. 1992). It is also noted that as the basin slope
increases the sediment load also increases (Fig. 86b), this follows on by discussions
by other researchers on the role of slope angle for increased erosion
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Figure 86. Empirical relationship between basin
moisture, rainfall and elevation to sediment load for the 22 drainage basins in the
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Figure 86¢ shows the relationship of sediment flux and average basin percentage
vegetation cover. The relationship shows a weak positive correlation factor R? of 0.45.
It can be interpreted as when vegetation cover increases, sediment load also
increases, however, in the physical senses this is not the case. Naturally sediment
load from a basin should increase due to more bare soil exposed to rainfall and wind.
Therefore, it is important to understand that this figure shows the percentage
vegetation cover per basin regardless of the size.

Figure 86d shows the ratio between percentage-vegetation cover and area in
square-kilometers. This figure gives a more appropriate representation of sediment
discharge due to vegetation cover. It shows that as vegetation cover per-square
kilometer increases, the sediment discharge decreases (Lukey et al. 1995).

Figure 86e shows the relationship between sediment discharge and average basin
soil moisture content in each watershed. The relationship between soil moisture
content and sediment discharge has been established to be vital for overland erosion
processors (Pappas et al. 2008). Rainfall and sediment discharge was found to have a
positive correlation factor R of 54% as shown in Figure 1f. This is good agreement
with previous other studies as high rainfall normally result in large sediment discharge
signal.

3.4.2 Regional Sediment Discharge Model (RSDM)

The following empirical relationship between basin drainage area, A, maximum
elevation in basin drainage area, E, average slope angel per-km, S, average basin
rainfall, R, %vegetation cover per-square kilometer, V, and average soil moisture
content per-square kilometer, M, and sediment discharge Qs were obtained;

Area, A: Qs= 0.15A%%" R*=0.60
Elevation, E:  Qs= 4.98E%% R*=0.54
Slope, S Qs= 1.635% R*=0.63
Rainfall, R: Qs= 2.88R*® R*=0.64
%V egetation Cover (per km2), V:

Qs= 1.23v%%® R*=0.35
Soil Moisture Content, M:

Qs = 366.60M>%° R*=0.35

Hence the new sediment model named RSDM developed by multi-regression analysis
is shown below.

AO.17 RO.6OSO.74M O.71EO.73
y0.164

Qs=0.092

RSDM is compared with observed sediment load. The results show a small bias with R?
of 0.93 as shown in Figure 87.
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Figure 87. Predicted sediment load and observed.

3.4.3 Model Comparison with QART Model
RSDM is compared with the QART (Syvitski et al. 2005) sediment load predictor. The

results are summaries in Table 18.

It shows RSDM has a mean maximum error

reading of 0.75, a reduction by 1.15 when compared to the ART sediment flux model
output. This is a significant improvement by 150% in the accuracy of the prediction

when compared to the ART sediment discharge model.

Table 18. Comparison of observed, RSDM and ART annual sediment discharge values
(Mt/yr) with Maximum Error Analysis

Obszved Max
Rver ARTModd | R Modd Saliment Error Max Errar
MtAr Digharge RIDM ART Modd
Mtly

Ry 2379 1B 115 006 107
Makham 519 3 5 52 938
Marbaaro 409 B A o 057
Digu 2] 74 ) 0 029
Pdapdau 18 200 00 049
Qjdayg 72 3 173 316 073
COkeath 34 7 59 042 019
Qluung 141 23 72 0% 219
CGimenk 287 45 o) 015 080
Qmuntur 24 n 19 026 479
Gtenduy 131 15 10 031 050
Kdi Bratss 123 2 81 02 1%
Roog 171 37 015 085
Sdo 131 16 031 016
Karaing 1 10 12 017 733
Rurai 1699 & 106 043 062
Sk 259 115 115 0 078

VenMax | o | 1o

Errar
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3.4.4 RSDM and Other models

The RSDM bias and variance was compared with other known global and regional
scale sediment load models. Models suggested by several different authors Hay 1998,
Hovius 1998, Milliman et al. 1992, Ahnert 1970) were used for this purpose (Table
10). Obvious draws back for these equations are the lack factors to describe
vegetation cover, soil moisture characteristics, and rainfall parameters.

The equations proposed by these authors can be conclusively referred to as “steady”
or “unchanging” parameters with respect to the temporal scale. With global warming,
subsequently, climate change, as a crucial factor in vegetation shifts and rainfall
intensity and frequency, it is apparent that more appropriate factors capable to
capture the influence due to climate change are needed to model regional and global
scale sediment discharge. Figure 88 shows the bias and variance assessment of the
five other regional scale sediment load predictors.
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Figure 88. Comparison of RSDM with 5 regional/global sediment discharge models
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3.4.5 RSDM application to SEA-WP regions

RSDM was used to calculate sediment budget for the SEA-WP regions. Table 19 and
Figure 89 shows the sediment load budget comparison.

RSDM was than coupled to GCM Precipitation data obtained from the Center for
climate research/National Institute of Environmental Studies (CCR/NIES) Japan
(http://www.ipcc-data.org/). The rainfall data for future prediction was for scenario
B1, which projects the most conservative future emission of greenhouse gases, and
A1B, which describes a balance between fossil and non-fossil energy usage, are used
to show the sediment trends in future using RSDM. Figure 90 shows the future trend
for heavy rainfall days. Future sediment load trend for the GCM rainfall predictions are
shown in Figure 91.

Table 19. Sediment load calculated for the SEA-WP from various models

Authors Sediment L oad
Hay (1998) 1068 x 10° t/yr with an erosion base level of 200m
Milliman et al. (1999) 2950 x 10° t/yr

1756

Newv Guinea

B Badira | Hay (1998) B Milliman et al (1999)

Figure 89. Sediment load in the SEA-WP region
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Figure 91. Future sediment load trend in the SEA-WP

The model also showed that in 2100 period the range of sediment load change is from
27% to 39% in the SEA-WP region. Average New Guinea sediment Load is suggested
to change by 16%, 22% in the Borneo, and 13% in Philippines in 2050 compared to
the 2010 levels. The change in load is subject only to precipitation change with both %
vegetation cover and soil moisture contents remaining unchanged.
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4. Conclusions

Puerto Galera Study

The current around Puerto Galera area can be divided into a strong current at the
outer sea and the channels and a weak two-layer flow at the lagoon interior. The
circulation outside the lagoon and at the channels is controlled by the water level
difference between South China Sea and Sibuyan Sea. The sluggish circulation inside
the lagoon is controlled by the wind and temperature-governed gravity current. Even
though the current is extremely weak at the innermost part of the bay, the ability of
renewal of its waters is maintained by the wind and density-driven circulation, which
drives out the polluted water from surface water. Moreover, from time to time, the
immediate massive intrusion of the cool water could rapidly renew the water at the
innermost part of the bay at Muelle pier. During low flushing periods, the algae
concentration inside Puerto Galera lagoon has higher magnitude and higher nutrient
concentration. The always higher concentration of chlorophyll-a inside the bay implies
that the lagoon works as a source of primary producer for the Verde Passage. The
nutrient concentrations inside the lagoon fluctuate quite rapidly, indicating the limited
nutrients in the system. Since the nutrient concentration may be higher or lower
compared to the outer sea, the lagoon works as both a source and a sink of nutrients
for the passage. Re-opening sand bar can deliver positive improvement of water
quality at area very close to sandbar. The improvement of water quality at Muelle
cove is limited. The most effective way to mitigate the water quality problem at Muelle
cove is to reduce the amount of input pollution.

Bolinao Study

The intensive and extensive field observations were conducted from November 14 to
December 2, 2007 around Santiago Island, Bolinao to collect physical, biological and
chemical data. The main conclusions are as follows:

= The currents in the Bolinao reef complex have an appreciable magnitude of
tide-averaged velocities, even during neap tides, which are governed mostly
by wave set-up effect due to radiation stress of wave. A significant volume of
water go out from the reef flat through channels cutting across the outer reef
crest, while inflow into the reef flat spills over the reef crest.

= Water of outer sea come into the aquaculture area through east channel and
go out to outer sea through the north channel. Since the north channel is an
exit point of water that goes around the aquaculture area, fish structures along
the channel should be demolished to allow water flow freely and flush out
pollutants to outer sea effectively.

= High feeding input from fish cages or pens contributes significantly to high
nutrients concentrations in the aquaculture area. Consequently,
phytoplankton blooms tend to occur especially during neap tide.

= Nutrient concentrations in the reef area were way beyond the optimal levels
for corals, since water which have high nutrient concentrations drift in to the
reef area from the aquaculture area. Therefore, it can be said that high
nutrient concentration is one of the major causes of destruction of corals in
Bolinao reef complex.

= Concentrations of dissolved oxygen in the aquaculture area were less than
optimal levels for milkfish. Especially during neap tide, dissolved oxygen
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reached almost O mg/l near the bottom. It was implied that the fundamental
cause of the massive fish kill in 2002 and 2007 was lack of dissolved oxygen in
the cages and pens.

= Concentrations of dissolved oxygen in the reef area were high enough for
marine life due to high oxygen productivity by the photosynthesis of abundant
sea grasses. Areas along the eastern side of the reef flat are dominated by
dense seagrass beds and thereby the highest dissolved oxygen concentrations
were observed in the area.

Shiraho Reef Study

A field survey was conducted in a fringing reef at Ishigaki Island, Okinawa from 24
July to 22 August 2005 by deploying velocimeters, wave gauges, tide gauges,
salinometer and turbidity & chlorophyll-a meters at 14 stations including the outer
reef and the river mouth. Also water sampling was taken place to analyze nutrients
and chlorophyll-a concentration. Numerical simulation was conducted to reproduce
currents in the reef based on data obtained by the field survey. The main conclusions
are as follows:

= During typhoon, contribution of wind stress to current was dominant and tidal
residual currents under strong southwind became twice as large as those
under weak wind condition.

= Hydrodynamic condition during typhoon, however, is not simply governed by
wind-induced currents but also by the circulating flow, which is strongly
affected by topography of the reef. The effect of the wind-induced currents
became weaker and the influence of circulation flow, instead, became
stronger, in the area closer to the big channel, Toru-guchi.

= There was considerable sediment discharge during the typhoon which
increased turbidity in the reef. However the turbidity of sea water was
increased not only by the turbid river plume but also by re-suspension of
bottom sediments due to high waves.

=  Supply of nutrients during typhoon promoted primary production in the coral
reef drastically. The concentration of chlorophyll increased after typhoon and
became 3 to 4 times larger than the concentration before typhoon.

Regional Sediment Discharge Modeling

RSDM and the subsequent verification of the new sediment flux predictor against
observed annual sediment load data showed a correlation factor R2 of 93% and shows
small bias and small variance against other regional sediment discharge models. The
potential to couple to Global Circulation Models is a tremendous boast to calculate
sediment load trends in the future.

The application of the new model to predict future sediment load showed an
increasing trend in the future for mean sediment load from the years 2010 to year
2100 for the SEA-WP region due to anthropogenic global warming.

Geochemistry study of vertical mangrove sediment profile can be used to tune and
further improve sediment discharge models. Upon differentiating between various
sediment sources, the terrigenous sediments can be used to estimate sediment loads
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based from the sediment cores analysis. Estimates of accumulation rates and
trapping efficiencies of mangroves are important to come up with sediment load
estimates, which can be used to develop more accurate long term prediction models
for ungauged drainage basins.

Overall Conclusions of the Project

The coastal environment is beset by increasing pressure from humans. Add to this the
effects of the changes in the global climate. Environmental threats such as
sedimentation and eutrophication remain to be two of the environmental concerns
despite headways in the management of the coastal zone. However, to properly
address these environmental concerns, understanding of the processes at work and
their interactions must be improved. Management and socio-economic aspects of an
integrated coastal zone management must be supplemented with scientific data on
the bio-physical environment. Monitoring of key environmental variables is critical in
the protection of the fragile coastal ecosystem. Loadings of sediments, nutrients and
other materials into rivers and streams and subsequently to the reefs and bays need
to be quantified. As shown through the case studies presented in this report, the
effect of sediment and nutrient discharges from the watershed and point sources in
the water body itself (e.g. fish cages) is largely affected by hydrodynamics. Modelling
of hydrodynamics and water quality is an effective tool for assisting managers make
informed decisions for protecting and conserving the coastal environmental resources.
It is also essential to incorporate into the decision-making process the potential
influence of global climate change such that decisions are made not only to address
the need of the present generation but also of the future generations to come.

5. Future Directions

From the component studies carried out under this Project, it is clear that monitoring
and modelling efforts should continue, particularly because coastal ecosystems are
facing sustained and increasing threats from humans and from the effects of global
climate change. The Project identified the following as potential future undertakings:

= In the modelling of the coastal environmental fluxes, submarine groundwater
discharge needs to be considered also, especially because of the nutrients they
deliver into the receiving water bodies. Subsequent monitoring and modelling
efforts are geared towards this direction.

= The development of indicators based on field observations and modelling results
should be looked into. Considering that most coastal communities cannot afford
expensive high-technology monitoring sensors, these indicators may be used for
supplementary routine monitoring of the coastal environment.

» The linkage of hydrodynamic/water quality modelling with ecological modeling will
be pursued. The results of hydrodynamic/water quality simulations needs to be
translated into equivalent effects or impacts on the biota or the ecology of reefs
and bays as a whole. In this way, scientific findings can easily be communicated
with the environmental managers and policy-makers.

= The potential effects of environmental and meteorological changes (e.g. rainfall
intensity, frequency and strength of typhoon) predicted by global or regional
circulation models needs to be investigated. The Regional Sediment Discharge
Model (RSDM) must be extended to include capability for estimating nutrient
discharge as well.

= Collaborative networking should continue and actual research collaboration needs
to be pursued with the aim of facilitating the sharing of expertise and experience
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and building the capacity of local research centers. A database of hydrodynamic
and water quality observations needs to be set up to serve as repository of data
collected by various research groups in the West Pacific region.
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for Managing Coastal Ecosystem Change in Tropical
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Appendix A.1 Programme and List of Participants

A Regional Workshop
Developing an Integrated Support System
for Managing Coastal Ecosystem Change in Tropical
East Asia and the Pacific
Marine Science Institute CS, University of the Philippines
Diliman, Quezon City 1101 The Philippines, 24 -25 January 2008

Rationale

The tropical coasts of East Asia and the Pacific are fragile ecosystems that are
subjected to increasing pressures from human activities and natural events. To
achieve sustainable use of coastal resources, management decisions must be founded
on sound scientific basis. Hence, physical and biological data must be collected using
a methodology, which can yield comparable results across regions in the Asia-Pacific.
Efforts must move forward from ‘detecting’ to ‘forecasting’ the consequence of
changes in sediment and nutrient loads and thresholds of impact for different species
and habitats in order to identify sustainable management strategies (Airoldi, 2004).
Thus, by integrating numerical modeling, remote sensing and geographic information
systems, while considering socio-economic drivers, a Decision Support System (DSS)
can be developed to explore change scenarios and which can give reliable results,
making use an operational basis highly probable.

Several studies have been conducted in various coastal study sites with the
framework of an integrated support system being promoted by the APN Project
“Integrated Support System for Managing Environmental Change and Human Impact
on Tropical Coastal Ecosystems in East Asia and the Pacific”. These studies encompass
different aspects (e.g. physical, biogeochemical, socio-economic) of the coastal
environment. It is high time to put the pieces together to reap the benefits of these
studies and improve understanding of the complexities of coastal ecosystems in the
Asia-Pacific region. Thus, this workshop aims to synthesize the results of various
research work conducted in the Philippines, Japan and other countries and come up
with an integrated model of tropical and sub-tropical coastal environments. It also
aims formulate a decision support system, within the framework of research
collaboration and community participation, for studying such environments and for
proposing solution alternatives to address coastal environmental problems.
Furthermore, this workshop also aims to solicit the participation of a group of coastal
scientists in the region to exchange data and experiences in developing local DSS in
order to improve their proficiency in evaluating environmental change in tropical
coastal environments.

Focus

Through collation of historical data and additional field observations, the workshop
aims to combine information from the physical (e.g. changes in coastal zone
physiography, composition, dynamics), natural (changes in flora and fauna) and
social (e.g. population growth and human activities) disciplines into a cohesive
analytical framework (i.e. spatial analysis and numerical modelling) to establish
major environmental changes, linkages, patterns, and short- and long-term trends
within and among the human and natural systems of tropical inland and shallow
marine coastal systems in East Asia and Pacific.
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Framework of Activities

The overall framework of the DSS is shown below. Hence, the workshop topics include
data generation, processing, analysis, application of physical and socio-economic
modeling and development of a system to support the decision making process:

Field Survey/Data Collection Field Survey/Data Collection
| (Socio-Economic Environment) (Physical & Natural Environment) |
Population, Jobs, Cultural traditions, Goods & Rainfall, Discharge, Water quality data
services, Farming & fishing activities, Others Soil N, Soil P, Spectral data, Benthic cover status

Remote Sensing
Land cover mapping; Coastal habitat mapping
Water quality mapping; Change detection

U S Lo

Integrated Modelling

NPS Model -{ Hydrodynamic H Ecologica Model

Sediments : .
NUtrients & Water Quality Model Impact on marine ecosystems

4= Datainput, Data management
Spatial analysis, Visualization

____________________________ . —
S| DECISION-MAKING || REAL WORLD

Expected Outcomes/Products
The expected outcomes/products of the workshop include the following:

1. A collection of standardized in-situ data and methods for processing
remotely-sensed data and socio-economic surveys;

2. Development of an integrated physical and ecological model specific to
assessment of environmental changes in tropical ecosystems; and
3. Formulation of a science-based, user-driven practical decision support system
(DSS) suited for management concerns of coastal zones.
4. Participants are expected to gain knowledge and improve their understanding
of:
a. Processing of satellite imagery
b. Mobilization and deployment of instruments to measure
physico-environmental parameters on site
c. Assessment of the biological aspects of coastal ecosystems, valuation
of resources and formulation of the DSS models.

Participants and Resource Persons
Participants will be invited from countries in East and Southeast Asia and the South

Pacific regions. They are expected to have working knowledge in either the physical or
natural sciences or on policy, planning and community resource management.
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The Resource Persons will be mostly the collaborators of the Asia-Pacific Network for
Climate Change Research Project spearheaded by the Tokyo Institute of Technology
in Tokyo, Japan. They include the following:

CHINA (2)

Dr. Dan Ling Tang

Professor & Director, Center of Remote Sensing and Marine
Ecology/Environment (RSMEE),

South China Sea Institute of Oceanology Chinese Academy of Sciences
164 West Xingan Road, Guangzhou, CHINA, 510301

Tel/Fax: 86 20 89023203, E-mail: lingzistdl@126.com

Dr. Wang Sufen

Assistant Professor, Center of Remote Sensing and Marine
Ecology/Environment (RSMEE),

South China Sea Institute of Oceanology Chinese Academy of Sciences, 164
West Xingan Road, Guangzhou, CHINA, 510301

Tel/ Fax: 86 20 98023203, E-mail:_sufenwangl1976@126.com

FIJI (2)

Dr. Victor Bonito

Researcher, Institute of Applied Science (1AS)
University of the South Pacific, Suva, FlJI
E-mail: staghorncoral@hotmail.com

Dr. James Comley

Research Advisor, Institute of Applied Science (1AS)

University of the South Pacific, Suva, FlJI

Work: +679 323 2899, Mobile: +679 946 7545, E-mail: comley_j@usp.ac.fj

INDONESIA (1)

JAPAN

Mr. Muhammad Helmi

Remote Sensing and GIS for Coastal and Marine Analyst

Faculty of Fisheries and Marine Science, Diponegoro University,

Perumahan Watugong, Jin. Alvita Indah Barat 1/170, Banyumanik, Semarang,
Central Java. Indonesia,

Phone: 024-7474698, 024-7460304, E-mail: helmi@waindo.co.id

(7):

Prof. Kazuo Nadaoka (APN Project Leader)
Department of Mechanical and Environmental Informatics
Graduate School of Information Science and Engineering
Tokyo Institute of Technology
2-12-1 W8-13, O-okayama, Meguro-ku, Tokyo 152-8552, JAPAN
TEL: +81-3-5734-2589, FAX: +81-3-5734-2650

E-mail: nadaoka@mei.titech.ac.jp

Dr. Shinichiro Kakuma

Associate Director, Fisheries Division Okinawa Prefectural Government

1-2-2 lzumizaki, Naha, Okinawa 900-8570, JAPAN

TEL: +81-98-866-2300, FAX: +81-98-866-2679

Email: kakumsh@pref.okinawa.lg.jp

Mr. Ariel C. Blanco
Department of Mechanical and Environmental Informatics
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Graduate School of Information Science and Engineering
Tokyo Institute of Technology, Tokyo 152-8552, JAPAN
E-mail: blanco.a.aa@m.titech.ac.jp

Mr. Eugene C. Herrera
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A Regional Workshop

Developing an Integrated Support System

East Asia and the Pacific

for Managing Coastal Ecosystem Change in Tropical

Marine Science Institute CS, University of the Philippines

Diliman, Quezon City 1101 The Philippines, 24 -25 January 2008

PROGRAMME OF ACTIVITIES

Date/Time Activities Responsible Person/s
Day 1
(Thursday,
24 Jan) REGISTRATION & COFFEE* Secretariat
0830 — 0900 * ‘flowing’ coffee, available beside the hall
during the sessions
0900 — 0920 OPENING CEREMONIES
0900 — 0910 Opening Remarks Dr. M. McGlone
Professor & Director, UPMSI
0910 - 0920 Welcome Address Dr. Kazuo Nadaoka,
Professor, Tokyo Institute of
Technology & APN Project
Leader
0920 — 0925 Introduction of Participants Ms. Karen Uy (EMCEE)
0925 - 0935 Overview and Expectations of the Workshop | Dr. Miguel D. Fortes
Professor, UPMSI & Local
Workshop Coordinator
0935 — 1000 PICTORIAL Secretariat
PRESENTATIONS
Session 1: Keynote Address
1000 — 1030 “Highlights of the APN Project & Current Professor Kazuo Nadaoka,
Japanese Research Initiatives and Their TOKYO TECH
Relevance to Asia-Pacific”
1030 — 1210 Session 2: Plenaries
1030 — 1055 “The Coastal Environment of Asia-Pacific: Dr. Miguel D. Fortes,
Status, Issues & Management Perspectives” | UPMSI
1055 — 1115 “Satellite Remote Sensing of Coastal
Ecosystems Changes Related with Human Dr. Dan Ling Tang, RSMEE
Activities”
1115 — 1135 | “Integrating Science and New Technologies To
Enhance Community-based Resource Dr. Victor Bonito, IAS/USP
Management in Fiji”
1135 - 1155 “Mapping Benthic Habitats on Fijian Coral
Reefs: Evaluating Combined Field and Remote | Dr. James Comley,
Sensing Approaches” IAS/USP
1155 — 1315 LUNCH
1315 — 1400 Session 3: Conditions & Trends
1315 — 1330 | "Regional Sediment Discharge Model and the | Mr. Varigini Badira et al.,
Future Trends of Sediment Load Due to TOKYO TECH
Climate Change in the Asia-Pacific Region"
1330 — 1345 “Temporal Changes in the Cyst densities of Dr. Fernando Siringan et

118




Pyrodinium bahamense var. compressum and

Other Dinoflagellates in Manila Bay,

al., Proferssor, UPMSI

Philippines”
1345 — 1400 “Social and Environmental Assessment of Dr. Ma. Cecilia
Puerto Galera, Philippines” Rubio-Paringit, UPCE
1400 — 1515 Session 4: Monitoring & Modeling
1400 — 1415 | "Studies of the Circulation and Bio-chemical | Mr. Tanuspong
Characteristics of the Coastal Lagoon at Pokavanich et al., TOKYO
Puerto Galera, The Philippines" TECH
1415 — 1430 "Hydrodynamics and Water Quality
Monitoring Around Santiago Island, Bolinao"” | Mr. Kota Ashikawa et al.,
TOKYO TECH
1430 — 1445 "Collaborative Monitoring and Study of
Laguna Lake Hydrodynamics and Water Mr. Eugene C. Herrera et
Quality" al., TOKYO TECH
1545 — 1500
“Monitoring and Modeling of Sediment and Mr. Ariel C. Blanco et al.,
Nutrient Discharge from Coastal Watersheds | TOKYO TECH
in Ishigaki Island (Okinawa, Japan) and
Coral Coast (Viti Levu, Fiji Islands)”
1500 — 1515
"Satellite Data Processing Techniques for Mr. Muhammad Helmi et
Tropical Coastal Ecosystem Mapping and al., Diponegoro Univ.
Monitoring; Overview of Some Selected
Remote Sensing Study in Indonesia™
1515 - 1535
COFFEE BREAK
1535 — 1625 Session 5: Coastal Resources
Management
& MPAs
1535 — 1550 Ms. Mary Lou B. Larroza,
“Inter-Local Government Unit Partnership for | BBRMCI
Coastal Resources Management of Banate
1550 — 1605 Bay” Ms. Tutu Almonte,
CAO-PPC
“Best Practices in MPA Management: Case
1605 - 1625 Study of the BSDS in Bolinao, Pangasinan” Dr. Shinishiro Kakuma,
Fisheries Division, Okinawa
"Coral Reef MPAs in Okinawa and Asia-Pacific: | Prefectural Government
Considerations for Designing Effective
Co-managed MPAs"
1625 — 1700 OPEN FORUM Dr. Enrico Paringit, UPCE,
Moderator
1700 — 1730 WORKSHOP PREPARATION Professor Kazuo Nadaoka
(Discussion on essential elements to & Dr. James Comley,
develop the DSS e.g. themes, topics, Facilitators
approach, groupings, etc.)
1730 — 1900 OPEN
1900 — 2100 HOSTED WELCOME DINNER Secretariat
Day 2
Friday,
25 Jan
0830 - 1200 WORKSHOP PROPER Facilitators
1200 - 1400 LUNCH
1400 — 1600 WORKSHOP PROPER (con’t)
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1600 — 1630
1630 — 1645
1645 - 1700

Preparation for the DSS utilization
Workshop in May 2008

Presentation of Outputs; Plenary Discussion
Summarization

CLOSING

Focal Persons
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Appendix A.2 Abstracts

Integrating science and new technologies to enhance community-based
resource management in Fiji

Victor Bonito
Reef Explorer Fiji Limited

Bill Aalbersberg
USP Institute of Applied Science

Fiji's coral reefs are hot spots of marine biodiversity that support the subsistence and
economic needs of the nation’s nearly one-million citizens. Noticeable declines in
coastal resources due to overfishing, coastal development and global climate change
have prompted over 200 Fijian communities to include almost 30% of nearshore
areas under community-based resource management plans. Supporting these efforts,
the Fiji Locally-Managed Marine Areas (FLMMA) Network was formed in 2000 by the
University of the South Pacific (USP), government departments, NGOs, and numerous
stakeholder groups to engage communities in coral reef conservation and coordinate
marine resource management in Fiji. Exemplified worldwide as a model for engaging
Pacific island communities in marine conservation, FLMMA’s participatory approach
assists traditional resource owners to a) develop and implement resource
management plans that address resource threats and provide economic alternatives
to destructive practices, and b) conduct biological and socioeconomic monitoring to
evaluate impacts of changes in management.

Building upon the strong community involvement in and established foundation for
resource management in Fiji, USP’s Institute of Applied Sciences (I1AS) is
collaboratively working to integrate science and new technologies to address critical
gaps in knowledge and improve local capacity for and involvement in resource
management.  Specifically, the aim is to: 1) Evaluate marine management
effectiveness and facilitate the design of a marine protected area (MPA) network
meeting local and national fisheries and conservation objectives; 2) Provide
educational opportunities and tools to improve local capacity for resource
management; 3) Promote community health and well-being; 4) Develop sustainable
economic opportunities that promote resource conservation; 5) Monitor and evaluate
the effectiveness and cost/benefits of management and development strategies and
approaches; and 6) Engage a broader audience in marine conservation efforts.

Votua village and the Korolevu-i-wai district lie in the heart of tourism on Fiji’'s Coral
Coast, and began their current resource management efforts with the assistance of
IAS in 2002. Active participation in and contribution to these efforts was
complimented in 2005 by the addition of a village-based coral reef ecologist who is
undertaking and assisting with the implementation of a suite of pilot research,
development, and educational activities. Biodiversity and connectivity studies,
ecological and environmental monitoring, socioeconomic monitoring, the
development of sustainable economic opportunities, and projects improving
community health and environment standards are being conducted and learning tools,
programs, and products created to support and build capacity for national and local
resource management efforts. Further collaborations would be beneficial, particularly
with efforts to create benthic habitat and oceanographic maps, improve GIS and
remote sensing capacity in Fiji, and ultimately create monitoring and predictive tools
to improve national and community-based resource management.
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STUDIES OF THE CIRCULATION AND BIO-CHEMICAL CHARACTERISTICS OF
THE COASTAL LAGOON AT PUERTO GALERA, THE PHILIPPINES

Tanuspong POKAVANICH?!, Kazuo NADAOKA?, Ariel C. BLANCO?!

'Graduate Student, Dept. of Mechanical and Environmental Informatics, TokyoTech,
Japan
Professor, Dept. of Mechanical and Environmental Informatics, TokyoTech, Japan

Puerto Galera (PG), a semi-enclosed coastal lagoon forming by three small coves, is
connected to the Verde Island Passage through two channels. The passage links
South China Sea and Sibuyan Sea. The PG lagoon and its vicinities are renowned for
their attractive recreational and diving spots, which are composed of various types of
rich coastal ecosystem such as coral reefs, mangroves and seagrass beds. The recent
drastic water quality degradation, generally due to poorly constructed sanitation and
household facilities and runoff from the hillsides associated with the tourism
development, forewarns the public about the possible irreversible unfavorable effects
on these ecosystems. This study attempts to provide sufficient understanding of the
lagoon’s circulation and water quality characteristics to the local communities and
governmental unit to promote the conservation and restoration of the coastal
ecosystems. Hydrodynamic and bio-chemical aspects were examined by means of
intensive field observations coupled with numerical models. The field observations are
composed of various programs setting out to monitor the meteorological,
hydrographic and bio-chemical conditions of the lagoon. Annual variation of wind,
rainfall, air temperature, relative humidity and solar radiation were collected from the
meteorological observations at an in-situ long-term monitoring platform. An intensive
field survey was conducted during February 22 to March 8, 2007 in which data on
water level, flow velocity, water temperature, salinity, phytoplankton (chlorophyll-a)
concentration and water samples were collected at many stations at various depths.
In addition, the water samples were collected at June, September, and October 2007.
The water samples were subsequently analyzed for nutrients (NH4-N, NO3-N, NO2-N,
PO4-P, SiO2-Si) and Chlorophyll-a (Chl-a) content. State-of-the-art numerical
simulations were performed to reproduce three-dimensional flow structure as well as
bio-chemical properties of the lagoon. The results of the studies indicate that the
circulation of the lagoon is composed of two current regimes, strong currents at the
outer sea and channels and weak currents in the lagoon. The strong currents are
driven controlled by the differences in the water level between the two ends of Verde
Island Passage. The simple alternately varying west- and eastward flow pattern in the
main parts of the Passage is modified by the local complicated topography around
Puerto Galera to produce asymmetrical westward residual currents at the channels.
Inside the lagoon, where the strong tidal currents cannot reach, the sluggish
circulation was observed. The temporal variation of the surface velocity in the lagoon
was correlated well with that of the wind. The water resident time was much higher at
the lagoon interior where most of the pollutants are discharged from surrounding
communities. This implies that the water body at Muelle cove, the innermost part of
the lagoon, might be vulnerable to euthophication. However, the field data analysis
and numerical simulation results showed that even into this area the water mass from
the outer sea with lower temperature may sporadically intrude as the density currents.
This intrusion greatly reduced the residence time of the polluted water and kept
dissolved oxygen concentration at high level hence mitigating the water quality
deterioration. The results from water sample analysis indicated that the nutrients and
Chl-a concentration of PG are relatively low through out the year. Highest Chl-a
concentrations (around 1.5 mg/L) were found in samples collected in June when
nitrogen-nutrients runoff were highest due to high rainfall intensity. The numerical
model was also used to predict the water conditions for several management
scenarios from the local government unit in attempt to improve the lagoon water
condition, e.g., by making the third connection between the lagoon and the outer sea
by re-opening a sandbar.
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Collaborative Monitoring and Study of Laguna Lake
Hydrodynamics and Water Quality

Eugene C. Herrera®, Kazuo Nadaoka?, Ariel C. Blanco® and Emiterio C. Hernandez?®
'Graduate Student, Department of Mechanical and Environmental Informatics,
Tokyotech, Japan
2Professor, Department of Mechanical and Environmental Informatics, Tokyotech,
Japan
3Integrated Water Resources Management Division, Laguna Lake Development
Authority, Philippines
Address: Graduate School of Information Science and Engineering, Tokyo Institute of
Technology, W207 Ookayama West 8 Building, 2-12-1 Ookayama, Meguro-ku, Tokyo,
152-8552, Japan
E-mail address: nadaoka@mei.titech.ac.jp

ABSTRACT: Laguna de Bay (Laguna Lake), strategically located in the midst of the
country’s center of urban and industrial development of over 13 million inhabitants,
with vast development potentials for multipurpose use and substantial environmental
significance, is the most important inland water body in the Philippines. Unmitigated
anthropogenic watershed and lake practices however have led to its rapid degradation,
particularly siltation, eutrophication and pollution. Its interaction with Manila Bay
through Pasig River makes it a brackish water lake that is ideal for fishery and
aquaculture, but at the same time discharges polluted seawater from greater Metro
Manila and surrounding coastal towns. In the face of the massive environmental
stress, sustainable and effective management of Laguna de Bay requires constant and
reliable monitoring and decision support system based on sound scientific studies.
This paper discuses the foundation and framework of the on-going collaborative
monitoring, field surveys, data sharing, and numerical modeling of Laguna de Bay
between Nadaoka Laboratory, Tokyotech and Laguna Lake Development Authority
(LLDA) as part of an Integrated Manila Bay-Laguna Lake and Surrounding Watersheds
Environmental Study (IMSWES). The collaboration has proven to be mutually
beneficial for both parties with LLDA further improving its monitoring and decision
support system and Nadaoka Laboratory able to pursue its research on Laguna de Bay
and surrounding watershed more effectively with the assistance of LLDA. The joint
undertaking has set a firm foundation for research collaboration to provide deeper
and better understanding of the lake dynamics essential for its optimal and
sustainable use as a multi-purpose resource, while preserving its environmental
integrity at the same time. Monitoring and research activities will proceed to cover the
surrounding watersheds as well, aimed at comprehensively understanding the impact
of environmental loads to the lake ecosystem. Continuous long term measurement of
hydrodynamic and water quality variables, vital for detailed studies, is facilitated by a
monitoring platform constructed at the west lobe of the lake. The platform provides an
ideal location for designed measurement schemes of various scientific studies as well.
A diurnal-intensive field survey conducted at the platform location reveals significant
and dynamic temporal and vertical variation in physical, chemical, and biological
processes. Analyses suggest meteorological and hydrodynamic forces significantly
influence the reaction of chemical nutrients and behavior of aquatic organisms in the
lake.

Keywords: Laguna de Bay, Tokyotech, LLDA, collaboration, intensive study
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Monitoring and Modeling of Sediment and Nutrient Discharge from Coastal
Watersheds in Ishigaki Island (Okinawa, Japan) and Coral Coast (Viti Levu,
Fiji Islands)

Ariel C. Blanco®, Kazuo Nadaoka'”, Takahiro Yamamoto', Koichi Kinjo?
Victor Bonito®, Bale Tamata*, and Batiri Thaman*

'Department of Mechanical and Environmental Informatics
Graduate School of Information Science and Engineering
Tokyo Institute of Technology, Tokyo, Japan
’Department of Environmental Sciences,
Okinawa Prefectural Institute of Health and Environment, Okinawa, Japan
3Reef Explorer (Fiji) Ltd., Korolevu, Fiji Islands
“Institute of Applied Sciences, Faculty of Science and Technology
University of the South Pacific, Suva, Fiji Islands
*E-mail address: nadaoka@mei.titech.ac.jp

Terrestrial runoff has different adverse effects on the ecology of coral reefs such as
decreased coral cover, changes in coral community and increased algal growth
resulting from excessive nutrients and sedimentation. It becomes imperative to
assess and model the export of materials from the watershed onto the adjacent coral
reefs in order to formulate effective reef conservation measures. In line with this,
sediment discharges have been monitored in three watersheds, namely the
agricultural Todoroki watershed which drains into Shiraho Reef (Ishigaki Island,
southwest Japan) and the forested Naboutini and Votua watersheds, both draining
into the Coral Coast reef (southern Viti Levu Island, Fiji). For Todoroki watershed,
nutrient concentrations were measured in Todoroki River with continuous (hourly)
monitoring of nitrate (NO3") and phosphate (PO,4) concentrations at a station near the
river mouth using in-situ nutrient analyzers. Turbidity, suspended solid and total
phosphorus concentrations in Todoroki River (discharging onto Shiraho Reef)
increased with increasing rainfall intensity and river discharge. Nitrate concentration
tends to decrease during stages of flood events dominated by surface runoff but
showed increasing trend when baseflow starts to dominate. Considerable loads of
NOs; and PO, were also discharged during low flow conditions, underscoring the
importance of continuous nutrient discharge monitoring and adapting measures to
effectively use nutrients and minimize nutrient leaching. Nutrient analysis of water
samples periodically taken at 11 stations in Todoroki River indicated the combined
influence of agricultural plots and cow farms, potentially exacerbated by groundwater
discharge into the river. Sediment and nutrient discharge from Todoroki watershed
were modeled using the Gridded Surface-Subsurface Hydrologic Analysis (GSSHA)
model. Initial results indicate the ability of the model to capture the variability of
sediment and nutrient discharge from Todoroki watershed. Monitoring data for
Naboutini watershed, a forested watershed with ongoing logging activities, indicate
excessive export of sediments sourced from logged areas and unpaved logging roads.
On the other hand, in Votua watershed where logging operations had stopped many
years ago, sediment discharge is interestingly comparable with that from Naboutini.
Votua watershed discharges high loads of sediments primarily due to slash-and-burn
farming, which is becoming pervasive. Monitoring and modeling of sediment and
nutrient discharges is crucial considering the differences in watershed characteristics
(e.g. land use/land cover, soil, rainfall).and the varying capacity of the adjacent coral
reef to withstand sediment and nutrient loadings.

Keywords: watershed, sediment discharge, nutrients, monitoring, GSSHA model
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A.3 Workshop Presentation Slides

(1) The Coastal Environment of Asia-Pacific: Status, Issues & Management
Perspectives

The Coastal Environment
of Asia-Pacific:

Status, Issues

& Management
Perspectives

Status & Issues

F."‘ M. Ik Portes, MDD
L Marme Sclence Insoivare CF

h Uiy eruizy oFihe Plilipgaes

Some facts...

e W b =F prpaflice.. o L
e
v :'T:ET'I' zﬁﬁ ::l: :uzp: :MITM: :::1 ?ud::rjl-;ﬂi ailagez i w-ﬂnum
SFALT 9: Cur seobgcal knowledipe on st habiis & scanty tttl vt R
FFACT 4: 5E Asia - explosive population growih + rapidly il e ikl
dwindling rescurces = short-larm economic devalopmant |”"""‘“"‘""‘
#FACT 5. These have aggravated the social & Inernashing [resusns on coarntal seisyitemsy S biadiversity

economic conditions making ecological concems ey
SEMI0US SOCI0-BCON0MIC IS5U8S.

#FACT 6: Today these issues bring about
problems with far-reaching effects that go

beyond socio-palitical boundaries. I m et e sctyseme & hlodiventy

PRy FEEY, Freses (WS, Rwmsinge sad Duass JICU, Eoeow e o 2000

e || PERSISTENT ORGANIC POLLUTANTS :

B g paThasie incen Sor pomita] e

| - |
| |
I | ndomeesin, Wialaysia, Fhitippines, Thadland, & Yietnam, togster with China, I
just aver 107 of the organic compenent of sewage is removed | telense a minmmum of sbout 4200000 L of BOD per year it mustc systena

} v < 7 3 5 | | doiercting with the Bouth Ching Bea. Dy 1156 of BOND penierated wiis rensoes]
| Doy reatment in countries bordening the South Ching Sea i | By ke malme i S 0 Thase Goamiries

| B0 e vyasm) frome Gl corerien. | HEA
Dty on pesticide use = scarce, & | NN EEALS

dosecting its presence n aquatic | Tecie 33 incusrial vanis Sechesges b oomtsl o oot inecsRations
SIVITONIMETE TS expensive |
miethads that most govemmenl
labairabories. in the reglon cunnot
afford

| e e e T T
Y Gl epant Tml P OB o gy e Bt e
B -

= et KRy oll b jalibon mamen s il
m v ey T

= N ik oo gronearced n e
WD (st Tl T SIGHT A2 S ] A
e

Vist Mign repoits an ansiua] load of u heae 56,560 wos'yea, Ansind B9% of this
Tl v froim s Dhotng Mak-Sakgpon Fiver. bs iis Norihens Economic Tose, the
amounis of Pb. Za. & O are -1 0 times the albowable Toiia

Wile syme mevoary s released mino ke waleis of the Gulf of Thailas) deoesgh
socpage from fhe cosan floor, it (5wt s menoury dhae is & 51 peificant problem.
Indesirial mescury, redeased momwech higher concenirations, presents a much
Trighsr danper 0 e many ergssivme of the Gulf




Fpore b Flah Bk Ao See OF Pudlatios ia
Rt e ew

it

e -

SEDIMENT MOBILIZATION

Twor thinds of the world’s total sediment transpart to coeans cocars
in South & East Asiz, due to s combination of active teclonics,

butyrnhﬁl,mp!hﬂlmmmmtymmﬂ
agriculiurnl & logging practives

However, very little.
ive data is

Aboat 10 million § of fertilizers ane psed anioally ot coastal

areas of Cambodia, Ching, Indonesia, Philippines, & Vietnam,
contributing 1o nuirient loading in the South Chins Sea

HAB occunence
it WESTFAC
has alarmmgly
hecome more
frequint

MARINE LITTER

The ceastal popubation
of Bouth China Sea in
Cambodia, China,

year, A significant portion of the solid wastes
in composed of plastics, meiaks, & glass that are
nol readdily bicdegradable,

PHYSICAL ALTERATION
& DESTRUCTION

OF HABITATS

IN THE COASTAL ZONE

J HE Asisn ol enesy Ve
ame srverely dammgnd

4 ovar 0% e ey ure it ol

r marmgiravan bhawe lom T0% al dhais cover in
thr [ast ¥ yrarn

< wngran b b remges Nom 20625 i the
[y —

126

P = Thism sbare ieomf B rideean coommant’

| Ecological theory seldom applied fn ICAM

* Bl ensdagical Enowiedga nel.cing noo ainky 1Nacny, bl aba Tects,
cioservadong, neaeanch resuls, ohaaretions, wymihesan, modals, &
roatherds af tastigation -has been axcanrmsly Impentant In duveloging
Approachys b & wids racge af emaransentsd ook,

mailal,
el ik al Aoy

jivesn Dabow, wihich
Toandifin: B essadis o




SCIENCE - MANAGEMENT LINKAGE?

.many | - il
published i

works on ﬂE

Seagrass i
Science, very | i

few on its -
‘management’ |

(EEELETTLTIY]

=

..practically nane, linking sclence
directly to ‘frue managemeant’

s

CCA done with the community tells us that the root cause
of the problem is LACK OF PROPER EDUCATION

LACE OF FAOPER
EDUCATION

Management Perspectives

What will happen if the rends
are nod reversed?

A Tales st will eoliops withes. 10
_:ﬁ.l-lyma,.i "'h_
sami, s wall fhe paivamcn & revemmmd
JPEMEEA HNH
4 Global Pskvaries il oo lapes im 3088 [ Kooy 30483

WALUABLE L ESSONS FROM PAST MISTAKES

Grovernment

w3 powe; palicical wi

{with Wless, kuw-how, A6 vesiees)

g
HNGD&, POs

improve or worsen during recent years?
In tha dacade {1995-2004), coastal & mirine water pollution
imcreased (hroughoal Southesel Asia. This is mainly doe to

imtensified domestic & medastrial efffuent discharpes, atmospheric
deposition, oil spills & other wastes & contaminants from shipping

A 'business-as-ugnal’ soenatio sngrests that contamued rapud economse
growih & industnalization may result in further environmentbal

damage & that the region may hecome move depraded, less forested,
maore polluted & less ecologically diverse in the fubure,

Southeast Asin's particular stvle of whanization - fward megncities -
i likely bo farther exacerbale environmental & social sfreses.

Has progress been made in protecting the marine
enviromment dunng last 10 vears?

Some progress is being made in the establishment of

appropriste legal & regulatory

a number of the countries in Southeast Asia.

In recent years, significant progress his been made in the
development of coastal zone management plans for the
Philippines, Indonesia, Singapore, Thailund & Malaysia,

Progress is apparent in public awareness, also tied up with
the monami event in the Indisn Ocean

ry frameworks for aquaculture in

127

. Effectively inking research & policy
: i strategic approach fo achieve the vision (cf FEMSEA 203}

e

|
| [——— il 'SHARED
| [vALvEs THREATS il
| |Ecdiogcal Clrnate changs
| |Resources Owverexplattation
| | Aesthetc Ceamustive Ashing
| Recraation abiat conversion
Hiadeal e eonflict
Foltical Sitmionhecsian
Edusatianal Trade (ef CITES)
|| Suurs Sed level riss
Econnmis Polurion
|| Devsopvem
i £ I %

i RESEARCH oummmfs POLICY




I We need to shift towards
environmental problem solving

Chbservation Revolution
e By Sapetias dromstkay hemssie

[EET T S o]

Information Generation
Sapanty for dala anakysls nooasng

| Miorslomng,

Knowledge Building
Sydieesls and neuaREan fechinguas nol ulaed anough

| Problem Salving
| Mol vlagratid and anpied aoproanh

i Remiote Sensing useful in detecting environmenial change

o SR El-OERETEr
mitimation & management

An fntegrated Deviston
Support Systent needs
to he place

Knao Liie, Priket
| 5 D 2004

| SEAGOOS & PI-GOOS

L L

Ecology: the basis sine gqua non in ICAM

¥

Ecomyniom
sinuciurg

But ecology alone is nof sufficient ...

{ Owr success. or failune in 15AM js mooted in owr cubures & sconomc
acikiics which offor both promso & nsk. Bul in Soufeoct Acla the
(D el tha ek

| Indeed, KEAM jmmuee, for thoir rosohufion, requins sigedicant nput fom

| wcakogy. Howewar, it & becaming mom ace aptable Bat ™ 1ong senm
I a7 ai muek by acapive rfher o celeminssc
Jurgd Wormus b= eoonomic & pokiical s than solonlls®,

Eorwarses T

WAY FORWARD

‘Successes’ in environmental protection have
resulted from partnerships among many different
players ~from working with the academe to
develop the techniques, with state corporations &
industries to reduce pollution loads, with regional
Fishery Management Councils to address declines
in fisheries, & with tribes & communities to
protect endangered species & enhance coastal

resources
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. Managemant is a knowled ge-based |
| dacizion making process

Hodnwiety
o
Modcing

BSAFENEDY. rev UNDERSTRITHND ror SDOPTIOR s-e RETHH

POLICY DECISION

SCIENCE TO ACTION: A CASE STUDY

DECISION
& TOTAL OF 2.7 WM WESD TO BE
CLEARED M CACRINIT AN

LESSONE

+ Flid straciures shoull be n s
wirs waler 8 gasily renewed

- 30 st bhtch chanset

Danling Tang (Lingzis) HEFH&

South China Sea Institute of Oceanology

Chirnese Academy of Sciences, Guangzhou, China
ngzis. 51.net/Lingzistdi@126.¢c

OariLing TANG

: E-nl:.lo.ﬂumhnu

Sguth China Saa

Wotng Tl geis 5 1Lset
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It zis. 51 net DenLing TANG <
Hemole Sensing ey Dynamics Of F hytnpla nktﬂn blﬂnm

1. Nutrient
2. Water temperature
3, Water stability...........

— wpwel| ng

= Fiaspona & Managamaim: ot s, S Lot

Fiitpifingzis. 51 net DaiLing TANG

Fripeifingzis. 51 net PORSEC2N0A DamLing TARG

Large arca oomerage

1. Phytnplankt{)n increases SCS

related to t

-—-Short term variation

Increase wilh ghobad warming

DanLing TakG
Typhaen clmatlagy (1957-2005] in S5 and WHP

Sirong wind R
Heawvy loss upan

~ n— L van society

Naw rain - !

MEFS 307 MEPS 2007

Fimbss of Ty haens

DanLing TakG

Track of Typhaon Damray, Sep 2005

affect phytoplankion ¢
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In situ data
3 Where akdy ||
ent !'-"._-_ H I
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[t Brveeny d Tang, MEFS: 2007
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Sea level variation & sca surface cooling

A 3o pra dpphoen (Bduieglgphenn

A —_ =

baH|

®

=5

%oa lovel anomales (SLAY jon)p
T
Soa surface lomperaturs [55T)

WO N 4§

13 R | S| RS E B3
Latlinta rrk Thveevg and Tang, MEPS 1007

k= O 4y
i = | - r
| | Typhoon wind P, P Offshore Nearshore
I .
i waf N i [r=mTre T
= 2 Py afw A Fistars st {afmes
0 e T Dab L]
[ E FvS— T 2
. Iy - Ems | paman wis W | ormm
mE -  Mseeerrd O p—— ]
- - - M:m I e n Wi AAHET 218 wr | ooy
L ] = L3
of . i LT 1 saa beunl wanallan HERH 154 e W 1] RO T
':':: LU I e e e e T 4R Wy 13 frn ikan i il | e
L - ]
SET dacrenss
S0 af THEAMERE a mouvagkes | Fhtapleskdos = COOM = 55 | 55 physoplapkios > COOM
in ] ] s e 43 At ) ]
e r o . o "
T Y ) : e
BE o[ T - SeaVeFE |
LE Chl-a prak [ [T —— Ko g sl s ' HEA
Ll I]" l j R i1 e P g, 18 (0] Bac biniig, L j o]
s, [y B YA 4 1 l_.._,_,l,_ Lo T i vesbical | premiation canadf il mil
NI DEMERTEIRS T 2T R TN Al banisim 1 1o, i e wechanal 8% ard
S ianksd 1 Oosksrpmy  ZhANY and Tang MEPE 2007 Pl opl e K o B o plplepbnkidan

» 7 typhoons /year
« Primary production?
=CO, - 8ST?
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2 . Phytoplankton bloom
Related to upwelling and
—Long time change

Tang =tal, 2008 JGR, MEPS |

(3) Integrating Science and New Technologies to Enhance
Community-based Resource Management in Fiji

grating science and new teak

agement in Fiji

1

coach to develop and imp
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sign of
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omimunity health and well-being
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3. Monitor & evaluate st
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Case study : Korolevu-i-wai district
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Biodiversity studies o
‘ o |

= Quantitative aned L1u.1iit.':1 ive
* Building reference collections
= Creating photo libraries

* Recording local TER of fauna

Ecological & environmental studies
Heed in adaptive management and modeling efforts
Binlogical me |||i|nrir|;._5 [benthic and reel fish assemblages)
Coral response to thermal regimes

= Water :|||.4Ii|-. |:;|| crecks and on |-.-<-1'J

- "-'I'II.'\-E-' howsehokd CPLIE

* Coral / algal interactions

* Rainfall, turbidicy, and creek (low data

e ¥

el

¥

Development of sustainable economic
opportunities
To improve village incomes while supporting vesonrce

management eflorts and preserving local traditions and crafis

- 'l.'r'!F.'lHr-ra.ln-mh-:l contouriEm activities

D

——

* ¥illage handicrafts * Village plantation development

]I'I'l]'.ll"u"il‘.l.g awareness of m:‘lnﬁgl'l‘ﬂ{‘llt
issues & efflorts
* Community workshops & educational proprams

» Bducatiomal materials and -:||'>;|'||.n ]

Ec‘nlugic‘nl & genetic conductivity studies

= Studies of reef fish movement

Socioeconomic studies

Tlaed to evaluate elfects of community resource

management plan and in adaptive management efforts
* Data colleceed in HE2 and 20007 fromn 50% of the households
in cach af the 4 villages

E

B it ]

Improving community health and
environmental standards

* Waste management program (solid & ligquid waste)
* Upgrading village water supply
o : et AN Coc

Figgery relocation and improvement

d

Korolevu-i-wai
Research has active participation of community members
Finding are presented back to the community
= 'dmg:-.r local and national priorities
= Bducational materials and tools E'urm'lm el
Invalve Capa ity

i{ |||I"||x'|1|l'|l1'1

Transferable prodiucts shared with other FLMMA partners




Lessons ]t‘ill']li_‘d Recent successes
! "-h'::'i:au'l'- & HEw tec CAan J_ll'-:'.l.H'. ernlans &

haset] Fe s e ement il effectively integrated * Improved community involvement & support
1 to b presented in ] Iimpl'-:-\'l.'d coannunily orpanceation and capacity

* Ureation of new MPA and extension ol existing MPhAs

all activities impre ST b Increased involvement in & income from ecotonrism

mim ULy lh'\ll'lll IE'J|1||

* Himultancously tar i mmunity

M COOOTAG e COs

THEC M are Lthe

| resouros

Further collaborations ; ,'1L‘kmnvlur_lgcmenl_:s' 7y

. 3 il Réfidents of Kéralesiisizswa & T ui- Davutukia {ch
Are particularly welcome with efforts to: - .

“Thuwersity of the South Pacitic = Ingtitute of "';J:-Jrlirl.:l
* Create henthic habitat maps Scienc ¢ School of Marine Studics

= LCreatc oocar '.'LFIl‘I.iI:' maps Hikki Grober=Dunsmoré = MPA Cen IS.’;:.

* Improve GIS and remote-sensing capacity Gustay Paulay —Florida Mugeum of Baoaral History (T5A)

* Create :nunllur"inlr__l' anid E1r1'-|::||1_'1 v tonls ot g = T Rel < i w] Fehadly - NTWA

(4) Mapping Benthic Habitats on Fijian Coral Reefs: Integrating Field and
Remote Sensing Approaches

Mapping Shallow Benthic Habitats on Fijian Coral Reefs:
Integrating Fisld and Remots Sensing Approaches

Chris Roslfsema & Shert Phinn
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Results- Sclentific Assessment: Accuracy

Arcusacy ()

Resulls- Scentific Atsessment: Accuracy, Time & Caost
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(5) Regional Sediment Discharge Model and the Future Trends of Sediment
Load Due to Climate Change in the Asia-Pacific Region

Regional Sediment [isch:
of Sediment load due ©
“arigini Bade

ra, Takyo listitigs of Technelogy

Regional Sediment Discharge
Models
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Sediment load change ( 0, 2050, 2100

e

mchags sgaral pacents

Sediment Load Trend in SEA-WP region

- |
3

{1501 ta 1503} | [(E010 oo 3243

[ Py
PAET BECIMENT S CHARGE i m;f’;w i, e
g R

- A1B: Control carbon dioxide emission

=

— B1: Uncontrolled carbon diowide emisson

Sediment DischargeTiyr

Al - mean sediment discharge
...... A2 - mean sadiment discharge

SITE = LETOGO SAMOA
Geochemical
comceniration of 10
chemical elements {Fe,
Mn, Ti, Ca, K, P, 8i,
Al Mg, and Na)

}

relation and cluster analysis
of geochemical concentration in
the sediment depth profile

DSS Specific Conclusions

Cyolame Val
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(TETER LA T T

Can prediot sediment discharge due to Global
Climate Change

(6) Temporal Changes in the Cyst Densities of Pyrodinium bahamense var.
compressum and Other Dinoflagellates in Manila Bay, Philippines

Tempeoral changes in the cyst densities of
Pyrodinium bahamense var. compressum and
other dinoflagellates in Manila Bay

F.P.Siringan', V. Azanza' MIH. Macalalad®,
F.B. Zomora!, MY Y, 5ta. Morio

Why lock at sediments?

Cysts and cells produced during an algal bleom
evertually settle on the bay floor

Thus they become part of the sediment recard

A recerd of previous blooms can thus be
reconstructed together with its associated
enviranmental parameters.

Cores selected for
recang fruction Ine along
the path of currents
from where blooms
typically take place.

Blooms gccur during the
SW Manrsaon and are
typically initiated off
Batoon at the onset of
the SW Monsoan.

139

|
|
B

From 1988 till 1998, Maonila Bay was heavily af fected by the
roxic Perodinn bohomense bloams

Ecanamic loss was estrmated at
$300,000,00 per day ot the
height of blooms (Corrales and
Maclean, 1995)

Cases of Paralytic Shellfish
Parsoning (PSF) {Corrales and
Maclean, 1955)

Sampling in 2000

Gravity cores
Grab somples

Sedimentology
Geochemistry

| B . . il Cysts
| : Bristribation

F-':pc eantral is

i provided by “Pb
{Sambrita et al,
2001, 2004)

METHODOLOGY

=
acldl Sy

Sieving and Sonicatron

¥

Microscopic Anabysis




Bubobrophs Hetorobrophs
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¥ changes in the
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Pl cysts counts

are higher where
Fyr ol metal and organic
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e are lower.
e
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- Pbc appears to

prefer relatively
clean waters.

- questions the gererally accepted notion that Pbe
blooms are due to eutrophication ! 1]

eutraphication in Manila Bay started much earlier
than 1988 (David et ol. 2007)
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1920z of f Cavite side {#
1080 — &
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transport of e 1.&&.
cysts to Manila Bay (/ P
1920 | -ii‘::l' p—
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It has been previously suggested that Pyrodinium
blooms were triggered by coincidence of several
climatic factors (e.g. McLean, 1989; Mudie et al.
2002)

Warm waters (McLean, 1989; Usup and Azanza, 1998).

P bohamense cells, in labaratary cuMture, reached
optimum growth at 28°C {Wsup, 1993, cited in Usup ohd
Agzanza, 1998)

Stable water column - favers cell growth and survival
of seed population (Smayda 1997)

High river drscharge - ehevated river runoff delivers
nutrient-rich waters (Phiips et al, 2004)

Summary and Conclusions

Qccurrence of P, bahamense dating back to 19205
weakens the hypothesis that the 1988 bloem wos
caused by recent introduction through ballost waters
of marme vessels,

Coincidence of warm, stable waters and discharge of
nutrient-rich waters in precedmg season likeby
triggered the 1988 bloom.



(7) Social and Environmental Assessment of Puerto Galera, Philippines

Complementarity of sensor-based
measurements and community
perception for monitoring and

management of seawater guality
Maria Ceeilia D. Rubio, Kazno Nadaoks,

Tanuspong Pokavanich, Ariel C. Blanco
and Enrice C. Paringit

Tourism area clusters

Sabang

Narmrow beach

Foreign fourisi

destination

* upper-clazs hotels

and restaurants

* Famous for its “nightlife”

and dive shops

Materials used

= Social - social profiling by questionnaired
imterview survevs

= Enviremmental — remote sensing (using
ASTER imageries), GIS and GPS sunvey

— Bio-physical — water qualiry
measurement by STD-type sensor
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Aims
* Impact of human activities in some

tourisim areas 1 T

seawater qlmllw

= integrated socio-environmental approach

S
emphasize the community”’s role in water
quality improvement efforts.

Muelle

= Busiest port

= Take off
point to
other tourist
destinatiomns

White Beach

« Sabang's ecomomical
commterpart

* Long amd extensive beach

= Popular among local Filiping
tomrlsis

= cleanest nmong the three
tourlst spot

o
Watar polhsion current
mitigaticn proctice
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=
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Built-up expansion and land cover
change by remole sensing

I i 2001

Expansian far from the beach [l bultup aspansicn 205
[ iovncr 2008

[ defaresatad 2005 (fram 2001}

M it 20

Exparsiaon far from the beach Bl up espansion 2008
[ formst 206

[ ceferasbed J006 (em 2004)

GIS set-up for organizing all data

Knowing People’s Perception on Water Pollution

fowria Bousahold
Sabang EF ™
Whits bench H L
Muells 10 a4
Hararigas Cleained ™ T

Ma. of respondents

Tourism sector - as represented by hotel‘restaurant owners
OF MAnagers
Household seetor— as represented by the head of the Family
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I i 2001
Expansion concenlrated I it up mspanasion 200
along the beach I fcvat 2008

[ defaresatad 2005 (fram 2001}

Built-up area growth

Whis Benzh

Batung Wasta

Population growth may not be the main
factor of water pollution problem.

Qutline of social survey

= Actual situation
— Existing sanitation facilities.
— Activilies and sanitation practices.
« Perception on water quality.
- Indicators
— Dairation
— Magative affecis
= Opmion on pallution problem

Type of Toilet
Mast people Tmm-m% h':mw
acquired good %= 2 ] -
facilities for o inee
toilat.

Alsa of bucken
todiatipeur type ™ 1nupnurwm
g

commbimatics |
e
ml&ilM‘ .
. B WhiteBaac
ez ! B Muslie




Sealed vs. Open Septic Tank

Dravel & Sand Barding

SEALED TYPE DPEN TYPE
Water Use <ol

Water usage % Respondonts B Muslle

is n'fnsﬂy for :“' - "mhﬂn -

basic needs.

food proparation
& lianmmglaendey
Bathing

swamming pact

NS AnEwBr

Did you contribute to water

pollution?
The difference 5% Resgiondants
highlights that 1;;""' 3 Housahokt "
points of =
waste water
discharge are
their basis for
recognition of
fault in water
pollution.

M ONSWer

Polluted? How can you tell??

Turbidity, Ll W
algae and 50 o 0 w0
color are the
main
indicators
according to
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Septic Tank Systems

D b o s pon desis
esp W@ Tounism ﬂw,m
good tollets, e s o

atill many
people do not
have good
facilities for
releasing
sawage.

B WhiteBes:

Mo BeEwWEr
B Muslle

Point of wastewater discharge?

Difference % Rospondets
between White , “so. o om0 100
Beach and
other
households.

s8a |
nene |

I da not know |

Water Pollution??

Sabang 3 “;innm
people detect "5
water
pollution in
contrast to
White Beach.
purhaps
da nal
know

no NS er

How long does pollution last??

Sabang got MR"W
the longest ] o ) 100

duration of
pollution.

wesk

manth

yonr

all the: time: E Sanang
EwhiteBeac
[l L]




Measurement vs. Perception

o

B o rolized
g algen
viski

i pH ~ rargus from
T91e 80

Porcistion vi Masiorad garemeters on witer guslity

L] MI#'  OBhepaon Ao
B 'M‘ # Turbidity
ggi - o> Leoatiens:
E ;g BD W —White Basch

Water Pollution: Effects??

People only  Touren SROIPONGNE ookt
recognize few — i s
effacts af
o Water
pollution.
effact an hiota

asuthatics

boas of tourist

Who should be involved??

Not all do not T wmw
think that Ll 0 s 18
solution to the
problemis a
joint effort.
Trust among
others must
be built.

NGOrs

el ANEWAEr

Willingness to Pay??

Not all are fouriy THRuspondonts
willing to 50 o 50 100
contributa, T
due to doubts
in the problem
salution
efforts.

MO anSwer
[ 1Pesa =042 Yan
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Water Polluters??
People usually Tt
blame others W0 50 o 50 un
for the cause
of pollution. = Sabang
poatiship = WhitsBeac]
ielle
yaehl
hotelirestairesart
local prople
M amSweer
Sabang re the Health Effects??
people
experienced T Py
the harsh 100 50 o ] 100
consaguence 1
of pollution. '
Realization of
pollution
existence is
late, 3
diseasesiallergies >
M Sabang
N answer O 'WhiteBeac)
L

Potential Tools??

Information o f-ﬂnw
campaign is 50 - 100

needed to
increase
environmental
AWAreness.
penalty

adscation
athers

Summary of Findings

« Social Profiling & feedback system
— Reveal people’s activities, pracices and perospiion
— Percepiion and measuremenis: complementary tools for
monitoring
— Best solution to water quality is reduction of waste koad and
prove samiiation practices

+ Integration appeoach
— Bpetal, phyvsical amd hiological aspects of esosysizms provides
clear pichire of environmental problems for effective
ANAZEENE
- People’s involvement necessary m meniloring and planning



(8) Studies of the Circulation and Bio-chemical Characteristics of the
Coastal Lagoon at Puerto Galera, The Philippines

Fuerio Galera {PG] lagoo

LICATE AT MUMKLE 0F VERIKE ISLANY
PASSIGE “UENTERL OF GLORAL MUY
RHNOVERSITY™

{ H.CARFENTER.., V.SPRINGER., 2005} -

CHARACTERISTIECS OF THE COASTAL LABCHJH ﬁT
PUERTO GALERA, THE PHILIPFINES

Avg depen 16 0 (25 m
Ferpesl

& v N e ol 0 MR a0 IR AR B oo Wawasging Caatu Ecoryien
L Charge in Trogical East Ao .ﬂmm- 3 - EE
i f Ko b rivesr
Murines Sl It O, Urbvenuly of the Philppines.
D, Cesoon T 110H The Philigpines, 24 <35 Loy 2008

Environmental Stresses Water quality degradatis

IIE;I'ELI"ET“-"I'HE DECISION SUPPCAT EYSTEM

uﬁnamummmm“mmmm
ol s oaasial

Field Observation Sharterm Langterm

«Colect 1he aclual ied dats

ntgraciion of the lagoon's waters and meteomiogical variation

W L, T iy PR, e P H <
practicen, Popalrdan, lobe, Coirs] rsdsiar, |euch as wind, rainfall and ealar radsation

| Meldecwcliriios, sricon e smput data of numerical simutaling model

Numerical Simulation Hydooyname: & Bo-chemica! dynamic

~Ragarorate the hydrogranhe and bo-chemical festures
<Cormect plesewise ed suney data

“Enabie o investigate the warlers in broader space and time soale
=Cormectivity of PG and Verde kand Passage.

Effestive predichon tool

[water iemperature, turbidity, salindty,
low valochy, water level #ic]

145



Lowig-berm

] Conatruction a - e
f-T parmanant  MEATER LEVEL
i weather sta, ATt
e Rl
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e T

-
! —
—
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Simulation results

- Wader level ey SuraceSBotiom waler

temperature

PG madal
erde Fassage model a -

Farticle Tracking Ana

Impartant of density driven current to the lang-term transpaort

5 Undarstand Baw the chamical
L’

How long will the polluted wastewater will sEay? - ¥ 3 ol wler chamge. .

Positive responss
bt minimal : E 2
,-Wr:m,. tothe | | to collected hydrographic, bio-chemical dynamic
ovarall wates of PG water.

Short and Long term field survey were perform

i -
f‘m'hf! d‘ﬁgﬁqr. : al model can be used to extend the
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(9) Hydrodynamics and Water Quality Monitoring Around Santiago Island,
Bolinao

Kola Ashikawa, Hazus Nedasks, Eugens Hemera, Takahiro Yamamaolto
Cesar Villanoy, Erlinda E. Salamante
Cwpactmant of Macharical snd Ensironmants! Enginsaring
Cradusts Schoal of Information Bciines snd Engireerg
Todnyo Insthebs of Tachnodagy

Marina Scisnce instiuls. the University of the Phiippines

Statement of Problem
The uncontnslled squacdiure

High =g inpan The prokisratnn ot 1 eh cages gnd pl-ng )

'

Deierinration of waler quahifp?

=+ Maozxshve mikfish kills

I's newdad [0 mapape mildish culime o bamamy with
swstainahie walsr resnerce wfilrabion

Research framework

... ycOcknam . Ao alsr quakti meretng

+ Siccking ce ety
+ Wpuyme & Fequency of teeding and hareess
o i i af fheh peds AT A

+Dthers

Mathods

-

ARy (R, YoV (AR SaWilly, Cri-a, Tosls By Nielir

Esmivpie of sensy pepdTpTent

(EaNater sampling Tl gty meber, AAG
~Aatysis of nuirients and chisrophylka “eriical profiing of walor quaiity
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Introduction

Fuswarch Sie Santigo lsland, Pangasinan, Northam Phillpgines

Boline resl conmphs

« daminaled by sea gravs bods and
sandy substrale-

= The major fishing greund in Boinao.
Aguacutture ars

+ Bolinan s one of {he 10p preducers of mlidish
iniha Phiiggines,

p Fish pen Fish cags
Stakeholders' workshop

Stakehsiders' warkshogs

Parlipants
+Fish penand caps ooardos

+ Pkt peeapis

+Locs governmen oficers

v ELUTER

Diymciver

Ty pemwichs e b Brenesgs coopershon
ancl Pt fahan i 1ha maragamrentof mikfn
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The e of ecamce
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Thea fwcay e o s ksl Gk 69 61 s by
lacal gowernmenl s besasfar trafing poicles
on auacullune:

MI-ﬂnE varfh Lhe msrpcr of

Field Observations

=Pariod
14 Howeymiber = 2 Disoamber, J00T

Flowr esipaty, Wister kevsl, WWares height
Ve gLty

\iater [omperaiura, Seknity, Tubidy
Chiorophedla, PH, Dissohed copgen
Fument

| amencnium, rinata, nifrta,
| phosphars, sicas
L

mnmm

The Current Structure of the Aquaculture Area

Tes 25 tour mverag s H o v oo by we o

|
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wYiiater of cuber w2 come Nt the SquBEcuae aes thorough st channel
and go oLE Merogh Hon < hanns
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Nutrient and Chlorophyll-a Distributions

Butilente & eviEabions a disirbulions

W i Eschod nipagen
m Cazsayboed phosp hete
O Cismobed sicats

BT 5 el Oiuw

Temparal and Spatial Variation in Dissolved Oxygen
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(10) Collaborative Monitoring and Study of Laguna Lake Hydrodynamics and
Water Quality

« Introduction
« Monitoring Efforts in Laguna Lake
» Scope of Collaboration
Den'efaping ten -
Pie Haraging Canstal Feaspatam Clangs » Platform and Sensor Deployment
in Tropical Easi Asle and ihe Paoific ) - 2
- » Other Activities (intensive survey
e Future Plans
= Conclusions/Expectation:

an Irtegrared SCpporT Spstem

anpunr inks INTRODUCTION LLDA, NADAOKA Lab and the IMSWES Project
_:--"" TR Laguna Laka, 1
Jn.::mh::n-u ¥ 't rl Philippines Laguna Lake Devsloprsent At harity
-l ma N -
L O T e 07 U
3 s e e A T T e

Amgmatary and |ew-awioe camans TN are cerms

e -m.-
L) \.Ml'\llllcl'll\flllrllm 16 0O e RN - Do
AalTuril rFrafgodrce MiRhagedHant,

I i | Nadnokn Labaratory, Tokyatech

o T——— L # Cructus o ragion of over 41
8 WA
[ e e a2
A oI, 2 s, R
e G 00 Mt

Wy | DY BB R A 2 (R ST W AP
e 1 1 LA R0 o BB Gpreaaty, MOl Sy we
| e B L T, T O TR B, MO R A ST
g, Finsl gosd i 18 it isTe ool G Bran e far ooss-dacipinary
archenzs of kaonlstigs s (o sssk s For R o bermon s
HABNIET KHITH ITRe AREIFARMENE ,

Intagrated Manila Bay-Laguna Lake and

Surrounding Watersheds Environmental

U Study

W& projscr under the Cons Lssray Frogran o 1696 and GOsT,
airesd gt = comarshensive and Insgreced study of bechnicsl i
T Earst s s il ceacee e Man e Bey, Lag e Lekos e

AR A AR ED S TRF1EN TRE R0 M Sarie, Bl sl
madaling and remobs sEnEing ERalvai.

LAGUNA LAKE ‘-""'.‘:"' “’“’-"'""""”'J LAGUNA LAKE
MONITORING EFFORTS MONITORING EFFORTS
Integrated Manita Bay-Laguna Lake ond Surrounding Watersheds
Laguan Like Davalopmiant Autharty | Brvieormeentsd Soedy bk "
=z :'l"ﬂ“-‘wi Meonthiy Goreral chirarloslics. of MEWES (ol sunvays 1 Lapuna Lok
ol + Biplagical and chemical auygen M. Weapared qumit [ty Tale Brwnris
: demand - - - - -
e TEem LB | Gisinily, 8reperalons, dapth, o bidity, | Oereber 2001 sy ammners, shorbdwm
S b L i, 001, 200 vwcusky, wind e i (3-8
A P _Erl-:-mh.t-‘,m weionky, TR, TH. 53 i)
u o = - hi-n LE2 | msiniy depth, Lrbidly, |Pebbuary 2092 o shias
o e 1 « phytoplanktan Ll ,m.-uT.-nm * ik
e vty
Falal s :::.“m“mt"* LE3 | Ssiniy, terpecslivs, depih, rbidlly, | MarcicTow 2002 | Lasg late seulramnt
. » Hazardous substanoss i, [, 200 v beaity CaarhLnii ool
Fid LFd | Sshrily, Wrperalie, dupth, LDl |Patccursrbarch | Mesiramnl in ol
TG bewoy | Mohis Citea, (301 ; B droied 1 flidt pan 45
:\:“m. siakionsh
' W | TR e
il by, - SraElon sear &
Limited Temporsl Frequency and Ma e gt b e et el
LD Monitaring Seatians ko Parametzrsl! rainta, wind weboeity intarruatiang houns i et By
SCOPE OF COLLABORATION

MOA Signing between LLDA and IMSWES, Nadaoka Lab

Many reasons: ineludesg

iheralinnisdiEathan of ressancly oulputE mons probatls

To bring us aut ot pur-‘toibe” ond “comfort sone” and subject
our understanding, knowledge snd assirnpdions to wider
atmting, dalogue sned debate (hekes to ke toosireh crbes
snd irforrrnd)

To pravide acatdomiz and rosaarch-based snawars iand
guesticaa) te @Ml issuss of palicy and prociies helps te

ensure rasaarch i high quality, ethical, rebust, raliable sic)

+ Estaklishment of good muli-gesciplingry relationahigs A Collaboration was formalized through a
Memorandum of Agreement!
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SCOPE OF COLLABORATION
Discussions between LLDA-IWRMD and IMSWES

Discussions for the undertaking of
collaborative activities)

PLATFORM AND
SENSOR DEPLOYMENT

* Platarm Tacation sslzction ericaria:
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Wind and Rainfall Data
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COLLABORATION FRAMEWORK

£ mMEwes % ama o Sged _"'?[
Tretrmment proceresest andiistoncal water | Celfabormive Research
i (R
Lt LLOA & BASWES
LLD&

Calibneen and vahdshon of
LLDA medzla

Imprsreeme ne'des elnpment
o LI menndel by
couplag modelsin: udiog
new enb-ma el

9 J

11

e s A
=

PLATFORM AND
SENSOR DEPLOYMENT

Mmtsorological
Hfdrﬂn.nﬁ*ﬂﬂrwﬂh

- Tha ame of IrerumeEs o Coaied o e

Emtior am shown mibhe pan Tee

- Tha rope o spsn e from b o g £ P

P a1 ) PR e

= Tha cther sanear mwiup & rough @u-eme
E¥ 4 e

- T B0 e T 0 i SRR | B N vbOren) ey

B N e L
B - L1l
PR :-.-_-:-'_-::'_;;ﬁ-p_
" ~Tra
5 v )
= e
- — e Ll
B = o
] Liw i
-
| ‘

Laguna Lake intensive survey

Legrana Lafss’ w sha Prog serure. and wind ad fan sty
driwen currets Bring S pe cest end dymamic oo |
Biwl AEninl mmu;"imﬂl{ TRl aadl

Histaarningical
Wrpetrndymaniic 4l worter qutey

| I'abl! MH-AHEEI.E

in I.an JiFing a2




Hydrodynamic
Water Temperatures

Water Quality
Dissolved Oxygen
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Thank you very much

Collabio ration can reRoit in better, more
effective managem@nt of natural
resources —

(11) Monitoring and Modeling of Sediment and Nutrient Discharge from
Coastal Watersheds in Ishigaki Island (Okinawa, Japan) & Coral Coast (Viti
Levu, Fiji Islands)

Concept of linkages amang tropical ecosystams in a3
Maonitoring and modeling of sediment and changing coastal environment in terms of drivers, impacts
nutrient discharge from coastal watersheds in and respanses and role of science and lecal management
Ishigaki Island (Olonawa, Japan) and Coral
Coast (Vi Levu, Fiji Islands)

! An AFN Fepomai Horixies
Devefoping an Integrared Suppant Spatem for Managig Coastal
Etersyebeuny Chang in Trogdcs) East Asia and tfwr Pacific

e Sl LooUae oF, Loty of e
Enlman, Gearon Oy JJ00 The Sulcomss, 24745 Senuary SO0

ABN || @ &

Arial G Blanc; Kagoo MNeckoka, TekahinG Vamamed o, Kalchi Ko
Wit Bonig Bake Tamata and Baik Thaman

R Concenruni diagram by Dv. Parlmgic
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The overall D55 methodological framework of the APN-

i funded project "Integrated Support System for
Why is watershed monitering and P TN T
modeling important? on Tropical Fcosystems in Fast Asia and the Pacific”
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Todoroki Watershed
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In this presentation...

O Menitoring and modeling of sediment
and nutrient discharge from Todoroki
watershed

O Menitering efforts in Viti Levu, Fiji
B Naboutinl watershed
= Votua watershed

Cwclina in coral cover

Ineresmad grass and m kgad oo

Monitoring of Sediments in Monitoring of Nutrients in Todorokl
Todoroki Watershed Watershed
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O Rain gauges -
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Spatial Distribution of Nutrients in
Dissolved Nutrient Discharge Todoroki River
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Votua Field Survey (28Feb-20Mar2008) Conclusions

L e P L i o TR O Significant amounts of nutrients are
Banito and Motus discharged even In low river flow conditions,
e : underscoring the influence of groundwater
nm._;.lu;:&uharg. discharge Into Todoroki River.
O Intansive resf O In the Coral Coast, manitoring data
IRy Indicates the adverse effect of logging and

unsustainable farming practices on
sediment discharge from the watersheds,

(12) satellite Data Processing Techniques for Tropical Coastal Ecosystem
Mapping and Monitoring: Overview of some selected remote sensing study
in Indonesia

Satellite Data Processing Technigues:

tem Change D
Wi B etiad

Nlangrove Depradation

Muhakam Dielks, Kalimangan. Bnflomii

Mangrove Mapping Using Landsat Satellite Data

HHat

1g-go7re ke [Aped spHgl g e, b e e phbgd.E e (Pebopom)

136 GR of Landsat Image Mosalc

Brovey Transform for \T:an,grm.'l.' I-,'.;ns}'ﬂ:m
Highlight and Extraction
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Minineg Acid

1l Distribution Anabysis

]| Beel and Sedimentotion
eta, Souils S

s Dedamile,

Extract The Changes

Unehanged
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ot Changes
Detection Technigque

Hekig b

Surtace Hydrology Modeling

(13) Inter-Local Government Unit Partnership for the Coastal Resources
Management of Banate Bay

Inter-Local Government Unit
Partnership for the Coastal
Resource Management of

Banate Bay

Background

What i= Banate Bay?

= A commeon fishing ground of the municipalities of
Anilao, Banate, Barolac Nueve and Barotac Viejo in
Panay island

Fisheries Profile

ANILAG BTAL o
e | e

{22 TET. 88 haj



ISSUES/PROBLEMS (before 199¢
o 1L} 3

+ Rampant illegal Ilshmé: activities {use of fine-meshed
nets, dynamite an poﬂn-nn»;as and obnoxious
bstancas

ISSUES/PROBLEMS

“Indiscriminate gathering of marine
resources (sea shells, mollusk and
crustaceans).

ISSUES/PROBLEMS

“+lllegal fishing structures in rivers.

ISSUES/PROBLEMS

“*Weak enforcement of fishery laws and

ordinances.

ISSUES/PROBLEMS

“+Encroachment of commercial fishing
boats.

ISSUES/PROBLEMS

b B o
i oo -__'
A

“+llegal cutting of mangrove trees

resulting to heavy siltation and flood.

OConwersion of Mangroves into Fighpond

ISSUES/PROBLEMS

++ Lack of environmental management
program to protact the bay.




|. Signing of the MOA,
1996
{ Partnership Agreemeont
among the
municipalities of
Anllao, Barolac
Nuevo & Banate }
Legal Basis
A el

Armersded, 1999

Codo of Partnership,
2002

COMPOSITION OF EERMCI

* Municipal Agriculturist
Municipal Planning & Development Coordinatar
« Fizheries Technigians
tiva Director
* Trustee Treasuror
MHon- Government Org. Representative
EFAR Represeniative

POWERS & FUNCTIONS OF BERMCI

fishinc

Coordinate with concerned agencies

Lreate commitieas

Vision of the Plan

“ An ecologically balanced environment
With a self-reliant and empowered fisherfolk

Working together for the improvement of their
Quality of life.”
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£
Il. Creation of the Banata Bay resource Managemsant
Counail, Ing.
{ BERMGE)

POWERS & FUNCTIONS OF BERMCI

= Prepare comprehensive & integrated bay

Preparation of the
Comprehensive CRM Plan

Components of the Coastal Resource
Management Plan




Institutional Development

UOrganized and strengthened People's
Organization

“Institutional Development
e = =

&

-
=

OPGRA Funded by LGSP

HCoastal Barangay Survey and Profiling

Research and Databanking

=Praject Monitoring
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Institutional Development

OPCRA Training

Research and Data banking

JCollaborative Studies Coandwdbied

Demographic DatE in Flarning Tor CRM-

Research and Data banking

~Research and Data banking

URed tide Maonitoring - yearly




Ml. o d L d U -
angrove and Land Use Mangrove and Land Use

ANATE

Ointegrated Zoning Plan HCoastal Mapping LBanata Bay Zoning Plan

Mangrove and Land Use Mangrove and Land Use

o

Az proree Fiamting HCoastal Cleam-ump
LI T g cvs Mursory Dovel opmens

LAW ENFORCEMENT LAW ENFORCEMENT

- Harmonized Municipal Ordinance —
Legal Basis RA 8550

JFormulate Policies for the Protection
of Marine Resources

JdPatrol and Surveillance

Law Enforcement Law Enforcement

S

NOTICE TO THE PUBLIC
A

had L

AN i PP MARITH

ClAdopt a bay Program by the PNP Maritime Group {2003)

LLicansing of fishing gear
amd fishing boat
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* Livelihood Development

Bamboo Crab Pot
Wiaking

‘Livelihood Development

Bwina Fadlomng Projece
by Provincial Gowt

Muderab Culture in Mangroves by FAD,
2005

LESSONS LEARNED .
Conclusion

2. Commitmer
ogram is

3, Presence of Full ime professional staff

(14) Best Practices in MPA Management: Case study of the BSDS in Bolinao,
Pangasinan
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The Hatiorsd Heagrans
Cimscrvatinn Sirsicyy

of ihe Philippmnes
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(15) Coral Reef MPAs in Okinawa and Asia-Pacific: Considerations for
Designing Effective Co-managed MPAs

Coral Reef MPA:
in Okinawa and Asia-Pacifi

e

Ingdenéiih
Topics
I Multi-functicms and Diversity of MPAs

2, Decision Support System for Effective MPAs
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Fisheries Management
Coastal Fish Catch in Okinawa

Multi-functions of MPAs

Beatinm fsh Hottrmidah
P ~e ERAGRE

1. Fisheries Management

2. Bio-diversity Conservation

o I

s3888338¢86¢6

3. Tourism Promotion

[
RARRERREs B EREBERGHBARBERBRHEBRE
Yoar

Rio-diversity Conservation
Major Disturbing
Factors for Coral
Reefs in Okinawa

Government based

Kakara Bav and MNagura

: : Bay MPAs in [shigaki
Diversity of MPAs Lslund, Okinawa.

1. Government or Community-based

2. No-take or Buifer (Multi-use)
Ishigaki s,

3. Permanent or Limited Period

1 X : Hnkzn, § Nagura Bay WPA
4. All species or Target Species ﬂt""'&,# (68ha) 0 Thm 2hm
Rty b
) . Polmpei S,
Giovernment based MPAs in Mauritius LU
Somewhat Gov. Top-down __° q! m“
Y M

Bon Bay elarine Pk Management
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ulti-purpose use MPAs

1. Samatau: community-based MPA in Samoa.

2. Aleipata: combination of no-take and multi-
use MPAs in Samoa,

AMs i Samatau, Samoa
e

There were 60 community-based MPAs in 2005
in Samaoa,

Limited Pericd MPAs
1. Y aeyama: emperor fish MPAs in Okinawa
(closure of spawning season).

2. Nakijin: emperor fish MPAs in Okinawa
{closure of young fish aggregation).

Limited Period MPAs
The locations of ten M'P;.s for E]Il]}&['ﬂ[’ fish catch
“Hamafsefski”, an emperor fish, in Makijin, L

0.0

UL | Jin NPA
I Pkm= Thm

E, D00

LRt

Hano ji WPA e
1. Ghm % 1, Shm

PR

3 >
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Limited Species MPAs

1. Verata: a bivalve MPA in Fiji.
2. Kiuva: a bech-de-mer MPA in ['iji.

Decision Support System
for MPA Designing

1. Who makes the decisions?

2. What needs to be decided?

3. What kinds of information are needed?
4. Who, how and what supports?
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Towards Effective MPA System

1. Need mwwe co-managed MPAS

Local government follow-up 1= imporiant for
sustainable MPAs

I Asia-Pacific style (tnopical vs. (emperate)
3, Cuantitative research on spillover effect

4. Effective boundary marks, enforcement and
alternative mcome sources for sustamnable MPAs

5. Inteprated Coastal Management for land-bazed
discharges

Who makes the decisions?

1. Communities

2. Local governments



What needs to be decided on MPA design?

1. Where?
2. How big?

(3. How many? How close?)
4. Rules
(How long? What targetsT)

How large the size of a MPA should be?

*The larger. the better for bio-diversity.
*Too large MPAs narrow the fishing grounds.

MPA: Size, Term, Adm, Base, Type no. 1
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What kinds of information are needed?

1.8cientific Ecological Knowledge (SEK) +
Traditional Ecological Knowledge (TEK)
2. Existing information
3. Information for networking {eucrent & larval
hiology)
4. Bociv-economic information

5. Fisheries data {catch, efTort, methods, number
of fishermen)

6. Carrying capacity for eco-tourizm
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Where?

Meeds science & commaunity knowledge
Netwark of WPAs (Cormect ivity)
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Area size of MPAs

1. FRMP in Philippines : 2-200ha, avg. 35ha

2. Kirivati: 18, 470.000ha

3, Great Barrier Reef; 32,000,000ha

4. Northwest Hawaiil Momament: 36,000,000ha

MPA: Size, Term, Adm, Bage, Type no. 2
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Who, how and what supports?

1. Extension officers

2. Co-management among communities, local
government and researchers

3. Adaptive management
4. Networks of people & mformation
5. Lemming system




Decision Support System for MPA Designing

Researchers
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A.4 Group Discussion and Presentation

Presentation of the Managers Group

| THE CWERALL PHILGSGPHY |

FROM A

MANAGER'S
PERSPECTIVE

COASTAL RESOURCES MANAGEMENT CYCLE INTEGRATED DEGISIN SURPORT SYSTEM

Top/botem questions cam be Ao ot sl
l1ssur hesed-user driven
Sndunableirmbiehic
Condstency drivin

Drymans cladaplive

Hal glicTabegpuiad

Call aborative uffort
Enrwledie bared (TER, SEE)
10 Actssble

11, Guds smisliveilbare

12 Participmory gy cach

13. Proative

14, Lang term, [Eopramestic

B oA

Maritoring s cvabaatine
[agiaptey Pom CRMP
Guisehook Seras]
| Ecology of target species Scienbist
2 ldentification of priosity aveas Scientist
1.1 Essentia] Components 3 Identification of threats to resources Sowentizt
[ Transfer of outputs to decision makers + stakehelder 4 State af resources/envizonmantal condilion Sl
2 Stakeholder involvement + empowerment 5, Saow-economic conditon, site Scienbist
3 Rerource mappingprofiling (exist data, new dats need) B. Exieting legal framework Manages
Database development, SEXVTER 7. Interestafoneeds of stakehalderresonrce owners
4, Humman eapasmiby BMunapar
% Trust-80, Sl aoceplabdity B, Toals capacity/process avalable for decision making
. Capital (external/sources funding) Seientiat
% Equipment, infrastractore, institatione o, Stakehelder level mvolvement Manager
8 Documenting process 1. Envirommental standard Seientist
9 Maomtoring, evaliuation 11, Fisk and assesmen to process Scienbst
10, Ardpasment 12, Option and ecenario outeome trade offe Sclentiet
1l Communication platfermnetwark 13 Mitigation measures Seienbist
12, Cepactty bulding 14, Relevent background informationlesson learned fram
13..  Fead back previcas/similar sibuabions Scienbist

15. Costhenefitefsustainahility of benefit! Scientist

INTEGRATED DECISION SUPPORT SYSTEM

5, M, GRGDS
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Presentation of the Scientists Group

Essential elements in developing the

DSS
What? {Praflem)
WHEN? - WHERE? = WHY?
Temporal Sputial HOW?
“Wrtershad WHAT [F?
- pErEvIneE
- Nutisual i |
T dhigth, :MFL'T; Subragioal
:":’“M monilering e Decigion-making
. \
Cost, haman/technacal reseances
Crufgnals
- Dacament on what expesimente are nesded (when
monatcring needed)

- Unleretand minimom deta needs for managars

Cases

Metwork of MPA's
Mutrification {(Cause & effect)
Sedimentation {Cause and effect)
Mon-sustainable resource use

= Tourism Over-developrent

Information on larval life history (e.g. corals,
COTS) as related to reef connectivity is
searce/limited.

Adaptive management in Fijian case was
brought up.
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Rale af Scientist:

Educating managera/stakeholders?

-May result to sustained funding through
understanding value by managers

Pro-active (forecast) or reactive (Tesponse based
on the level of knowledge)?

-Depends on country, manager, presence of
slakeholder orgamzations

-Depends on problem (scale, seriousness,

ECONGINIES)

o] . e
__I Stakehalders

4
H.'_hﬁ.t_:l-'sbmdpmb]m :I--._ & iamtist
[Jypothess |

- -
| o

| Wheze

Reactve

Wi

Network of MPAs

* Background case m Fij1 — 1 1sland chain, 50
WP A
= [383: where MPAs should be placed based on
suitability, sustainability, replicability, ele.
« Management needs to decide on the location of
these MPAs:
— What information nesded?
— How does their reef inberact with ofhers?
# Crarend pabisrns [reel] offchors) mnd mrirorological
* Redlymery
* Howr do larwme disperse? Life lastory®
» Ernlegeal cosdiicn

Bachon sf
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B Managerd requert info fom scientiste. Scwntbiets evaloate
fiven rescunces and tme, what data can be covened

B Suspicion and doubt exist between managers exist
(eapecially in South Pacifie Tsbamds)

B Bolineo case: decizion baped on e Lot of factors, seience just
a wmall part.

W In Fiji, collaboration can be through bocally trasted soentist
B Commumication of ssientific fndinge muogt be mads at the
lewal "underetandable” for the menagers amd stakeholders.

B Culture and language are important. Interpreter may be
preferred to present smentific resalts,

Case 2; Sedimentation and Nutrification

Scienibus provide
Munuger needs * Id.:nlnﬁndimnmfuuh'iﬂ
= Canscs? — “nataral el
« Effeals? - almhmﬂ'f:ﬂmelu}
s Lavel of problem Wit e e PR
% ¥ = Anthropogemsc (fecioer 1
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= Predirirve nindels
= Reasmmasdstion based an
sERIAnoE
* HNntoral response pations (reef
calngy response ¥ caryEg
eapanity)

® Dpliu-_.rluhml

Case 3: Tourism over-development
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Keywords & Themes

*  DES Schems
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Modes of cooperation

= Invelvement

[ Pure researcherfacademe |
= Collaboration '
* Presentalion/commurication g S
argamzahon
E-Eﬁu-mnnity |

Case 2 Sedimentation and Nutrification
Mitigation approaches. ..

= Conirol on pources (o.p. mulching, improved waste
management)

=¥ Conirel on process {¢.g Tefenton pands)

What scientizt can provide
+ Past and present
= Land use
= Water quality
» Cause end effect
+ Predict future 'scenanc’
: |
« Miitigation +
recommendations
» Predicted trends

Integration of
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Short Transcript of Group Discussion
I. Discussion

Managers
- (Ms. Tutu Almonte) Scientists shouldn’t really EDUCATE managers but coach
us instead. Sometimes we are unfamiliar with technical terms. That is why we
need you to coach us.
(Ms. Mary Larroza) Scientists should be humble enough and open-minded.
(Ms. Tutu Almonte) You should lower down your rates in terms of consultancy.
(Dr. Victor Bonito) It is important to have a common goal in the end,
something more general like improving the quality of life so that trust can be
built among partners.

Scientists

(Doc fortes) Partnerships between both groups (managers and scientists) are
really needed.

(Dr. James Comley) to have a vision (for the site) is the responsibility of the
manager. Managers and scientists don’t necessarily have to have the SAME
vision. Scientists can have their own vision which by pursuing that vision they
in turn help managers realize their vision for their community.

(Dr. Rubio ) Sometimes we tap scientists (outside the community) so their
objectives may not be in sync with the community and they may not be
involved in the actual decision-making of the community.

(Dr. James Comley) Most of the DSS that we are talking about is reactive. If we
do a DSS that is aimed at helping the community then that one is a PROACTIVE.
Both are completely different from each other in not exactly the way they are
structured but more of how they are communicated to the community.

(Dr. Comley) Reactive DSS is problem-based.

(Prof. Nadaoka) At first, we may be motivated by reactive DSS but later on we
should engage in a PROACTIVE DSS.

(Dr. Comley) Proactive DSS means problem prevention while reactive DSS is
more of a panic mode for a certain problem, for example fish kills. It is critically
important that managers know what a DSS is and how they can utilize it.
(Dr. Paringit) In the end, DSS might turn out to be just a fortune teller. That is
the worst case scenario.

(Prof. Fortes) Next step is for someone to integrate what we have talked about
and package it so that it can be useful for the next workshop.

(Dr. Dan Ling Tang) I think we need a simple chart of simple input and output.
(Prof. Fortes) there should be a core group of participants who would draft a
document that can help the participants of the next workshop.

I1. Closing Remarks (Prof. Nadaoka)

Managers can educate us scientists. You have to educate us on what is actually
happening in your site. | think it is important on how to come up collectively
with such a system.
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A.5 Photos of the 1% Regional Workshop

Islands, Indonesia, Malaysia, Thailand, Vietnam and the Philippines.
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APPENDIX B

A Regional Training Course/Workshop

Asia-Pacific Regional Training Course/Workshop on
the Utilization of an Integrated Decision Support
System in Managing Tropical Coasts

Puerto Galera Biosphere Reserve, Philippines, 26-30 May 2008
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Appendix B.1 Programme and List of Participants

A THE P,

A Regional Training Course/Workshop

Asia-Pacific Regional Training Course/Workshop on the Utilization of an
Integrated Decision Support System in Managing Tropical Coasts
Puerto Galera Biosphere Reserve, Philippines, 26-30 May 2008

Background

On 24-25 January 2008, a group of experts in Asia-Pacific met in a workshop in Manila
(Philippines) to develop an integrated decision support system to manage changes in
tropical coastal ecosystems. The workshop aimed: (1) to synthesize the results of
various research work conducted in Asia-Pacific countries and come up with an
integrated model of tropical coastal environments; (2) to formulate a decision support
system, within the framework of research collaboration and community participation,
for studying such environments and for proposing solution alternatives to address
coastal environmental problems; and (3) to solicit the participation of a group of
coastal scientists in the region to exchange data and experiences in developing local
DSS in order to improve their proficiency in evaluating coastal environmental changes.
The outcome of the workshop was an initial DSS integrating numerical modeling,
remote sensing and geographic information systems, while considering
socio-economic drivers of change. The system is an integral part of a framework for
Integrated Coastal Resources Management. Derived from case studies, the highlights
include an elucidation of:

1. The essential elements in developing a DSS (e.g. transfer of outputs to
decision makers + stakeholders, stakeholder involvement and empowerment,
resource mapping/profiling, database development, SEK/TEK, human capacity,
social acceptability, capital, infrastructure, institutions, documentation,
assessment, monitoring and evaluation, communication platform/network,
capacity building, feed back)

2. The characteristics of a DSS (e.g. cost effective, top and bottom questions can
be accommodated, issue based, user driven, sustainable, realistic, dynamic,
adaptive, holistic/integrated, knowledge-based (TEK and SEK), accessible,
gender/culture sensitive, participatory, proactive, long term, programmatic)

3. Inputs from scientists and coastal managers

4. Outputs (e.g. document on what experiments are needed, understanding of
the minimum data needs for scientists and managers)

Objectives
An advancement and essential follow up of the workshop in January 2008, the present
workshop aims:
1. To demonstrate the kinds of data and information required in developing a
DSS;

2. To test the utility and reliability of the ‘developed’ DSS;

3. To train coastal area management practitioners in the development and use of
the DSS;

4. To facilitate exchanges of useful and relevant experiences among the
participants aimed towards a sustained scheme of regional collaboration
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Focus

The workshop will focus on an actual case of a developmental problem in Puerto
Galera Biosphere Reserve —coastal tourism. Thus, the participants will be exposed
and be given on-site guidance on different aspects (e.g. physical, biogeochemical,
socio-economic) of the coastal environment and in  putting these pieces together
within the framework of the DSS and ICRM. This is to improve their understanding of
the complexities brought about by tourism in a coastal environment and how the
issues can be resolved or at least mitigated using a locally based integrated decision
support system.

Participants and Resource Persons

Participants are mid-level decision makers from countries in East and Southeast Asia
and the South Pacific regions. They are expected to have working knowledge in either
the physical or natural sciences or on policy, planning and community resource
management. The Resource Persons will be mostly the collaborators of the
Asia-Pacific Network for Climate Change Research Project spearheaded by the Tokyo
Institute of Technology in Tokyo, Japan. They include the following:

FIJI (1)

Dr. James Comley

Research Advisor, Institute of Applied Science
University of the South Pacific, Suva, FI1JI
Work: +679 323 2899

Mobile: +679 946 7545

Email: comley j@usp.ac.fj

INDONESIA (1)

Mr. Ichwan Makmur Nasution

JI. Tirta lii No. 43 Duren Sawit Jakarta Timur 13440
Indonesia

Emails: ichwan.nasution@gmail.com;
ich_1@hotmail.com; ichwan@dkp.go.id

JAPAN (7):

Prof. Kazuo Nadaoka (APN Project Leader)

Department of Mechanical and Environmental Informatics
Graduate School of Information Science and Engineering
Tokyo Institute of Technology

2-12-1 W8-13, O-okayama, Meguro-ku, Tokyo, JAPAN
E-mail: nadaoka@mei.titech.ac.jp

Dr. Shinichiro Kakuma

Agriculture & Fisheries Dev., Yaeyama Office
Okinawa Prefectural Government

438-1 Maezato Ishigaki Okinawa Japan 907-0002
TEL +81-980-82-2342 FAX +81-980-83-3542
Email: kakumsh@pref.okinawa.lg.jp

Mr. Ariel C. Blanco
Department of Mechanical and Environmental Informatics
Graduate School of Information Science and Engineering
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Tokyo Institute of Technology, Tokyo, JAPAN
Email: blanco.a.aa@m.titech.ac.jp

Mr. Kota Ashikawa

Department of Mechanical and Environmental Informatics
Graduate School of Information Science and Engineering
Tokyo Institute of Technology, Tokyo, JAPAN

Email: ashikawa.k.aa@m.titech.ac.jp

Mr. Eugene C. Herrera

Department of Mechanical and Environmental Informatics
Graduate School of Information Science and Engineering
Tokyo Institute of Technology, Tokyo, JAPAN

Email: eugene.herrera @gmail.com

Mr. Tanuspong Pokavanich

Department of Mechanical and Environmental Informatics
Graduate School of Information Science and Engineering
Tokyo Institute of Technology, Tokyo, JAPAN

Email: pokavanich.t.aa@m.titech.ac.jp

Ms. Eiko Tsukamoto

Department of Mechanical and Environmental Informatics
Graduate School of Information Science and Engineering
Tokyo Institute of Technology, Tokyo, JAPAN

Email: tukamoto@wv.mei.titech.ac.jp

MALAYSIA (1)

Kumaradevan A/L Saminathan

Science Officer C41 (Mangrove and Terrestrial Forest Ecology)
Mukahead Marine Research Station, School of Biological Sciences,
Universiti Sains Malaysia, 11800 Penang

Tel. (Office): 604-8852750

Fax No. (Office): 604-8852751

Handphone No: 6012-4942704

Email: skdef@usm.my

PHILIPPINES (14):

Ms. Rosalia Aruelo

Coastal Resources Management Officer
LGU-Bolinao, Pangasinan

Fax: 075-554-28-11

Mobile: 075-554-42-63

Ms. Aileen Bareng

Municipal Tourism Officer

Puerto Galera, Oriental Mindoro

Email: tourismoffice-aileenbareng@yahoo.com

Mr. Daniel Enriquez
Environmental Officer

The Locsin Foundation, Inc.
Puerto Galera, Oriental Mindoro
Email: dtenriquez@yahoo.com
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Mr. Jameson Espanol

Municipal Program Development Officer
Puerto Galera, Oriental Mindoro

Email: okidoki_1103@yahoo.com

Mr. Gunther Feis

Sabang Inn Dive Resort

And Sabang Divers, Puerto Galera
Website: http://www.sabangdivers.com
Tel.: +63 43 2873 198

E-mail: info@sabangdivers.com

Dr. Miguel D. Fortes

Marine Science Institute CS

University of the Philippines

Diliman, Quezon City 1101, PHILIPPINES
E-mail: migueldfortes@gmail.com

Mr. Carmelo Garcia

President, Tourism-oriented Sector Coordinating Association (TOSCA)
Puerto Galera, Oriental Mindoro

Email: sandbarhotel@yahoo.com

Ms. Betty Garcilan

Municipal Environment and Natural Resources Officer
Puerto Galera, Oriental Mindoro

Email: okidoki_1103@yahoo.com

Engr. Emiterio C. Hernandez

Officer-in-Charge, Integrated Water Resources Management Division
Laguna Lake Development Authority

Department of Environment and Natural Resources

Philippines

Ms. Daisy Marcelo
The Moorings Hotel and Resort
Puerto Galera, Oriental Mindoro

Dr. Enrico C. Paringit

Department of Geodetic Engineering

College of Engineering, University of the Philippines
Diliman, Quezon City 1101, PHILIPPINES

E-mail: paringit@gmail.com

Dr. Maria Cecilia D. Rubio-Paringit

Assistant Professorial Lecturer (part-time), Department of Civil Engineering
De La Salle University,

2401 Taft Avenue, Malate 1104, Manila, PHILIPPINES

E-mail: mcdrubio@gmail.com

Mr. Francisco Paciencia, Jr.
Secretariat

Marine Science Institute CS
University of the Philipines
Diliman, QC

Email: kiko7680@gmail.com

Ms. Genevieve Regino
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Secretariat

Marine Science Institute CS

University of the Philipines

Diliman, QC

Email: ivyreg@yahoo.com; ivy@upmsi.ph

THAILAND (1):

Ms. Natthawadee Nokkate

Marine Biologist

Marine and Coastal Resources Research Center, The Central Gulf of Thailand,
Department of Marine and Coastal Resources

Email: kunnudee@hotmail.com

VIETNAM (1):

Mr. Nguyen Dang Ngai, MSc

Marine Biological Resources and Ecology Department

Institute of Marine Environment and Resources (IMER)

No. 246, Da Nang Str., Hai Phong City,

VIETNAM

Tel: (+84) 31-3760603

Fax: (+84) 31-3761521

E-mail: ngaind@imer.ac.vn <mailto:ngaind@imer.ac.vn>
ngaind@yahoo.com <mailto:ngaind@yahoo.com=>

PROGRAM OF ACTIVITIES

[All sessions will be in plenary, to take place at the Conference Hall of the
Apartelle; Coffee/Tea/Juice and light snacks will be available at the back of
hall while in session]

Day 1 (May 25, Sun): Arrivals at Manila Airport; stay at Quezon City
(Fersal Inn Kalayaan)

Day 2 (May 26 (Mon):
0530: Leave Fersal Inn for Puerto Galera (three minivans)
0800: Arrival in Batangas City Pier; coffee
0830: Leave Batangas City Pier (on board the Ferry, “Commandos™)
1000: Arrival in White Beach, Puerto Galera
1030: ‘Brunch’ (breakfast-lunch) for non-Puerto Galerans only
1130: Organizational activities
1330-1400: Registration (Conference Hall, 4™ FI. of Apartelle)
1400-1500: Opening Ceremony
1400-1405: Introductions (Ms. Genevieve Regino, EMCEE)
1405-1415: Welcome Remarks by the Honorable Mayor
Dr. Hubbert Christopher A. Dolor
1415-1425: Welcome Remarks by Professor K. Nadaoka
1425-1435: Training Course Overview (Dr. Miguel D. Fortes)
1435-1500: Pictorials

1500-1800: Short trips to Sabang Cove, Small and Big Lalaguna
Muelle Bay & Puerto Galera Bay, Bayanan, White Beach
1800-1845: Organizational activities
1900-2030: Dinner at Apartelle Francesca (for non-Pto. Galerans only)
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2030-2130: Short exposure to the nightlife in White Beach

Day 3 (May 27, Tue)
Plenary Presentations

0900-0925: "Coastal Research Initiatives of the Tokyo Institute of
Technology in Asia-Pacific: Providing A Sound Basis for
Ecosystem Conservation and Tourism Development"
(Professor Kazuo Nadaoka, Coordinator/Project Leader, APN
Project)
0925-0950: “Priority Coastal Environmental Tourism Issues in Puerto
Galera: Where and How Science Can Help” (Mr. Carmelo
Garcia, President, TOSCA)
0950-1015: *“Coastal Tourism in Puerto Galera Biosphere Reserve:
Cutting the Hands That Feed” (Dr. Miguel D. Fortes, UNESCO-
MAB-Philippines Focal Point)
1015-1040: "Designing Effective MPAs: A Tool in Sound Coastal
Fisheries and Tourism Development” (Dr. Shinichiro Kakuma,
Agriculture and Fisheries Development, Yaeyama Office
Okinawa Prefectural Government)
1040-1105: *“Coastal Tourism in Fiji: How Applied Science Helps”
(Dr. James Comley, Institute for Applied Science, USP, Fiji)

Focused Discussion and Sharing 1

1105-1200: Open focused discussion on priority coastal tourism
issues in Puerto Galera and elsewhere where marine science is

needed for their resolution (All participants are encouraged to

share their related experiences) (Dr. James Comley,

Moderator)

1200-1330: LUNCH TO BE PROVIDED TO EVERYBODY

Demonstrations on Coastal Ecosystem Monitoring
and Computer Simulations

1330-1350: "Modeling Sediment and Nutrient Discharge from
Todoroki Watershed (Ishigaki Island, Okinawa)" (Mr. Ariel C.
Blanco, TiTECH)

1350-1410: “Field Observations and Numerical Simulation for

Understanding Milkfish Culture Impacts on the Coastal

Environment of Bolinao, Philippines” (Mr. Kota Ashikawa,

TiTECH)

1410-1430: "Numerical Modeling as a Decision-Support Tool for
Conservation and Management: Simulation Scenarios for
Laguna de Bay, Philippines" (Mr. Eugene C. Herrera, TiTECH)

1430-1450: "Puerto Galera Water Modeling: Towards the
Development of Decision Support System for Water Resources

Management" (Mr. Tanuspong Pokavanich, TiTECH)

1450-1510: *“SeagrassNet as a Decision Support System in

Conserving the Coasts for Tourism in Puerto Galera” (Dr. Miguel

D. Fortes, Professor, UPMSI)

1510-1530: Invited or voluntary contributions from the other
participants

Focused Discussion and Sharing 2

1530-1700: Open focused discussion on priority coastal tourism
issues in Puerto Galera and elsewhere where marine science is
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needed for their resolution (All participants are encouraged to
share their related experiences) (Dr. K. Nadaoka, Moderator)
1700-1830: Open Schedule

1830-2030: Dinner at the Apartelle (for non-Puerto Galerans only)

Day 4 (May 28, Wed)

0900-1100: Focused Field Exposure (participants will formed in
teams of 3 and encouraged to visit White Beach to assess and
document the good and not-so-good practices and discuss
these with the group in the afternoon. Focus will be on how
marine science and oceanography could be useful in enhancing
or improving the situation. Prepared guide questions will be
provided)

1200-1330: LUNCH WILL BE PROVIDED

Demonstration and Training on Remote Sensing/GIS and
Socio-Environmental Scan of Puerto Galera

1330-1600: “Training/Demonstration on the Use of Remote

Sensing/GIS for Tourism” (Dr. Enrico Paringit, UPCE)

1600-1630: “A Socio-Environmental Scan of Puerto Galera As A
Decision Support System for Tourism” (Dr. Ma. Cecilia Rubio-

Paringit, De La Salle University)

1630-1700: Open Forum

1700-1800: Informal oral presentation by participants on the

morning’s field exposure in White Beach (10-min each team)

1830-2030: Dinner at the apartelle (for non-Puerto Galerans only)

Day 5 (May 29, Thu)
0830-1130: Field validation of data and information at selected sites
(visits to study stations and giant clam nursery)
1400-1730: Discussion on refinement and applications of DSS
1730-1830: Open Schedule
1830-2030: Dinner at the apartelle (for non-Puerto Galerans only)

Day 6 (May 30, Fri)
0830-1000: Discussion on continuous scheme of collaboration;
Closing Ceremonies, Awarding of Certificates
1000-1030: Check out of apartelle
1030-1200: In-transit to Batangas City Pier (on board “Commandos”)
1230-1530: In transit to Quezon City and Fersal Inn Kalayaan
(minivans))

Day 7 (May 31, Sat): Departures for the airport, etc.

END OF TRAINING COURSE
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B.2 Workshop Presentation Slides
(1) Coastal Research initiatives of the Tokyo Institute of Technology in
Asia-Pacific: Providing a Sound Basis for Ecosystem Conservation and
Tourism Development

ATDTHCA worksbap oi Poerto Galera, 26 May M6

Kazruo Nadaoka

Tokyo Institute of Technology
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Need of integrated &
quantitative approach

Seagrass beds

Red-soil J:A;.J &ssﬂiy{j mapping 5 et Bathymstry tmapping
im & roof e . ]

lun 2001 images reveals abrupt
spread in high sediment coverage
south of the Todorokl River,
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SEA-WP Area at Big Danger

“SEA-WP (Southeast Asia and West Pacific) Region™

]
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APN Project Title: Other Funds

O JSPS Grant in Aid for Scientific
Research

O JSPS Core University Project Fund

O A New project funded by Ministry of

Integrated Support System for Managing
Environmental Change and Human Impact

on Tropical Coastal Ecosystems Enironniect
in East Asia and the Pacific “Conservation Strategy based on
- — Regional Reef Connectivity and
| Duration of project : 2 years (July *06 — June '08) Environmental Load Assessment in
| Project Award: USS 58,000 SEA-WP Region”

0 JST-JICA Project (Submitted)

(2) The Tourism Sector Coordinating Association of Puerto Galera

TOSCA — wag incorporated in December 15,2006

1ts tnaim objective 13 1o upgrade the toursm services n
Puerto Galera.

Perennial Problems that affects the
glife In Puerto Galera because of the : :
tourism industry: Transportation

Transportation Transportation
Jeepney I'ricycle
= They hawve Association = PGLIOIDIA » They have Association - PGTODA
® They are well nrganized = Stppdard Rales for regalsr trip
s Slandard Rabes for regular trip &« Mo Standard rates for Special 1rips especially at night
» Over charging and pricing of rates for Special Trips & Ower charging sspecially to the forelgn Lourisl
= To avoid this over :?_“m;rj,li-lg ablways ask the resort owner  To nvoid this over :-’_‘mrj‘ling always ask the resort owner
when hiring [eepoey, moslly Lhey have regular jeepney when hirisg TRICYCLE, mostly Lhey have it regulurly
whi service Lhem servicing tham
k 4k 4
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Accommodations

Liack of Standards
Over erowding of Rooms ( 6-10 persons per room)

Improper Marketing Segmentation

Inadequate Amenities

In arder to aveid misleading information, always
check and validate it to the Touwrist Information
Difice

Beware of some illegal recruiier, the Municipality
issued [ to legitimate towr guide

Peace and Order

Umsnived crimes such as robberies and hold-ups

Shooting of some drunk policemen
lLiack of gond policemen
Ton many points of entry
Solution:
= Froper Uraining of policemen
& Reprimand, suspend or dismis erriag pollcemen

& Police I\.-l'\:||;|||':}

= Privaie resort mest hire secority puards

rugs and Prostitutions

l-:.u'lanas:u.,lg| im |_:|ari||.'1:|u:r i% the cemler of prl:alilll'lllm
Dirugs Pushers were apprehended by PEDEA Ageni
.‘l.-‘ian}' Elll‘:i“l\ ol cnlry mmile i1 hard Lo check human
and drug tralTicking

Human tralflcking especially minors

Issuance ol Pink Card by the LGL for the GRO In
Sabang

Iil.*.gul:lr check up of the RO makes the p1"|)'§l|[!llilll‘l

loaks legal by the LGL

= Graft and Corruption in

Government and Private Sector

The Mutional Covernmenl Apencies such s the RIR. DENE,
LGLL DFWH, MARINA, COAST GUARD ETC.
Approval of ECC by the DEMNE even o the criticl arcas
Approval of oal permits amnd Tare of Boals by MARINA

Soame passenper howis trevel withosl beinp check by the Coasl
Cuard

Establishment do nol isswed Cificial Recelpts

Resorl owners cheat In paying taxes ey nol declaring the eorrect
income

Inilistrimdnale oonalrecton of Resorl owners

Sub-standard roads

Lindil now the L.GLI las no approved CLLP
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Power and Water

Frequent Brown-ouls

Resorts do not report e the Electric Company when
they sdd and I]J:gim!c elocirie appliances

Orwer crowding ol tourist consumed much water
Ilegal logglngs In the meuntalne of Poeris Galers

Solution:
» Tapping of cleclricity sl Malapaya In Balangas for cheaper
rated snd contimeons supply of power

= Deyebop cheaper rencwable saree: of Energy

» Reforealidbon of the denuded moinlaing ol Puerlo Galera

-Garbage and Destruction of

the Environment

Man N-L'gl,‘.l“ﬂ-l‘l n!'i_:arh:gﬁt

Lack of Planning

Lack of Monitoring and Control

The communliy ls nel ceaperative In addressing the
garbage proklem

Illl:grﬂ and destructive 1'nhi:|'|u,1_,

Teo many srdinance which were not implemented
Iicgal logging

People ol Puerts Galera have been using [legal logs
but untll now no one was apprehended

Lack al Informalion and educatlan l.'.n:lnprli.;z_n

Food Supply

Expensive fonds compared (o adjacent town
Urverpricing of Basic Commodities

Lack of supplies

Taking advantage by some businessmen
Course of Action

s Agri-lorestry

& Farming

s Regulations




(3) Coastal Tourism in Puerto Galera Biosphere Reserve: Cutting the Hands
that Feed?

"Coastal Tourism in Puerto Galera
Biosphere Reserve:

Plgnary Presenkaton

Miguel D. Fortes kil j."H ,._r_.-.l'.".:.lr
Maring Sclence netiute G5
Liniversity ol the Philipines

| Toits peaple:
= ﬁl - 00 15 fife

v eotl ROPRLE
vl future

To the
Philippines:

e 1o one of the

mangrove
forest

e n_g:a's bed

; TP T
henpnh b ok ! aileudinliies

...and to the world

e

RA

PUCETO ﬁﬁl

to the Mear

East, India, === i

Chlrl‘rl. = T e,
Indoching, IS "

Sumaera & |ava
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TOLURIEM DEVELOPMENT CONCERMS
AND ISSUES IN PGBR

STRENGTIIS:

I. Abundant coastal & terrestrial resources
2. Matural, Culiural & Historical poientials
3. Potentials for ecolourism destinations

4. Proximity to Manila

STREMGTHS (con"th
%. Hospitable & trainable people
9. Good peace & order siluation
10. LGU support {receptive developmental
leadership in the municipahiy)
11. On going upgrading of scaports, roads &
communication Tacilitics

12, Availability of power supply & waler resonrces

3. High literacy rate
6. Available academic & technical support
1. Environmental Users Fee

13. Existing resorts & other destinations
14, Private secior & commumily supporl

WEAKNESSES

|I|iI:'|!:"iII|I'-'! SOMmLIniy apg

What are the signs?

PG has not been successful in sustaining
its beauty, enhancing its natural diversity,
enriching its cultural history, & mobilizing
its people in protecting this legacy. (n other
words, it has been utting that hands that

feed

Is this

the kind ;

of tourism 1 et on
PG wants? ' -:iHl'.'hrsgan‘Br

wfwa nge «

What are the roots of the problems!

G HLIMAMS
inclins hmEn neEdR
mbareations & petlvitian




Tha oot causs of “dirty’ tourism is lack of bath proper
education & genuine community participation®

D

_WMTWIPMETKE#

GEMUINE
PARTICIPATION,

“Using cousal chan
vty s [GOA)

L T AT e L

Same research & monitoring
activities in PGBR

= Building It
Student activ

Learn well from
nature,
not dominate it
simply to suit
your wants!

How “Bartaylsay™ was born

aal workshop _Fjgr;_,l :ri{J'I“jl y

Eree, Oty 0Z-0
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Charter for Ec
in Biosphere Reserves
“Puerto Galera Declaration”

B T

o Adopted unanimous]
FRIE b rean angeagh, Sty Eaccars

i 7 H ark e ¥ ke brning, bype of use, didributon;: season, sttdudes &
L] 'lll' .||I'I'I|J'ITI ”—} t]ll-. umenl Enow B dps BTG NG B winitare might b maes impartam

CCPha = 100 - [EL # EC+ W0 + A+ H #1]

Decongest the

coast!

|
|
AR 2 B w Bt |
T parann, [
|

|

Is Puerto Galera ready to
face even greater
challenges in the near
future?

& maintairing & suitaingble Byellheosd
bage ior iz peopks 1
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IN THE FINAL ANALYSIS

(4) Designing Effective MPAs: A Tool for Sound Coastal Fisheries and
Tourism Development

) t ];iﬁaranmbatwaenm'&l’%

Designing Effective MPAs: _
b
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Indisncsia

Topics

Multi-functions of MPAs
1. Multi-functions and Diversity of MPAs
2. MPAs for Eco-tourism 1. Fisheries Management
3. Decision Support System for Effective 2. Bio-diversity Conservation

MPAs
3. Tourism Promotion

4. MPA Cases in Yaevama, Okinawa

Fisheries Management

Coastal Fish Catch in Okinawa Bio-diversity Conservation

Major Disturbing
Factors for Coral
Reefs in Okinawa

Bt Fah Boten feh

Government based
Kabira Bay and Na
i . Bay MPAs i Ishigak
Dversity of MPAs Island, Ckinawsa

1. Government or Community-based

Jahira Bay NPA
(2T aha}

2. No-take or Buffer (Multi-use)

3. Permanent or Limited Period

" Nepura Bay WFA =
(6Eha) e

4. All species or Target Species
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Pohnpei
Somewhat Gov. To WL B
Management J

i Ek : There were 60 community-based MPAs in 2005
in Samoa,

Multi

MUl Wuae Wal VRN

1. Samatzu: community-based MPA in Samoa.
2. Aleipata: combination of no-take and multi- Savaii
use MPAs in Samoa. —
‘e /

Giant Clams 1in a MPA,
Puerto Galera 2007
=

- -

s in Samatau, Samoa

“r
iy
.

Limited Period MPAs

1. Yaeyama: emperor fish MPAs in Okinawa
{closure of spawning season).

2. Nakijin: emperor fish MPAs in Okinawa
{closure of young fish aggregation).
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The locations of twn MPAS fir “Hamaflsfil® Emperor fish catch
an ecperor fuﬁ n Makiym, f-ﬂrlnnw a0 |:| m

oe-
e
. W8
=7
L
| k]
| B}
B3
[ 1]
Lm0

s EEEEEEs324d84¢E+4
Fiji

Limited Species MPAs

1. Verata: a bivalve MPA in I'iji.
2. Kiuva; a bech-de-mer MPA in 1)1,

MPAs & Eco—tourism

1. Zamami: both diving and fishing MPAs in

Okinawa.
2. Cuvu: a collaborative MPA of hotel and
community in [iji.

3. Malolo 1n Fiji & Blue Bay in Mauritius.
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WO FISHTNG,
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The locationz of three MPAs for both
diving and fshing in Zamasm: village,
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Towards Effective MPA System

I. Need more co-managed MPAs

Local povernment follow-up 1= important for
sustminable hMPAs

2 Asia-Pacific style (tropical vs temperate)
3. Quantitative research on spillover effect

4 EBffective boundary marks, enforcement and
dltemmative income sources for sustainable MPAs

5. Integrated Coastal Management for land-based
discharges

Who makes the decisions?

1. Communities

2. Local governments

Where?
Katwork of NPAz (Connectivity)
| WPk than @ lugs B |

| A matwai 8 ol

F .
@) CEED
=l HH e

| asian
— L ¥hers? '\_.
A Hewhig?
{Hom miwvy/
m ov ol nsu"
(" Lits stages 7 E
% bl tats -'Th;-eurqh
— ; -
\..":._,1
Hew Iong? J_ e

What kinds of information are needed?

1.Seientific Fealogical Knowledge (SEK) +
Traditional Eeological Knowledge (TEK)
2. Existing information
3. Information for networking (current & larval
biology)
4. Socio-cconomic information

5. Fisherics data (catch, cffort, methods, number
of fishermen)

6. Carrying capacity for eco-tourism

Meeds seicnce & community knowledge
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Decision Support System
for MPA Designing
1. Who makes the decisions?
2. What needs to be decided?
3. What kinds of information are needed?
4. Who, how and what supports?

What needs to be decided on MPA design?

1. Where?
2. How ig?

(3. How many? How close?)
4. Rules

(How long? What targets?)

How large the size of a MPA should be?

*The larger, the better for bio-diversity.
*Too large MPAs narrow the fishing grounds.

Who, how and what supports?

1. Extension officers

2. Co-management among communities, local
government and researchers

3. Adaptive management
4. MNetworks of people & information
5. Learning system



RS,

Decision Support System for MPA Designing amead WPAs in Yacyama Previous MPAs

(1998 — 2002)

o Kuesinagi MP.A!

Larrest. Laraal biology.
ot H-asmia
Lacse L affort oto

=

a infarmatian

@ uisaar guchi

Iformtion Fard
Extention officera
Witgrraties Incoms tour s

MPAs in Yacyama MNew MPAs
2008 - 2012)

If cut the catch by 10 % —+ The stock would increase 23 55

Changing batterics of MPA boundary buoys

Differences between Previons
and New MPAs

Previous MPAs Mew MPAs
Tergete | Ali{no~tske} | Al (no—take}
Term April — May April — June
Number of MPAs 4 5
Size of MPAs 20 ha 100 ha

Puerto Garela, 25 Mav 2008

Decision Support System
in Yaeyama MPA Designing

/TEK on spawning grounds & period
- ; Long Beach
/Seientific research on age (otolith), length, 3 gt
gonads, catch & effort, ete. T
/Many meetings among lishermen. divers,
sclentists, local government (extension
officers)
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| Applied Science helps

B = tolrism
James Comley —

Institute of Applied Science
University of the South Pacific

~ % Applied Science projects related to tourism
* Mext sheps and future themes

e

e rajected to grow-
'_Fﬂll:‘m dallar industry

R T L TP

8 et THAE V. 4 G P 005 gy SLE iy Vi b

= aale
ra

ironmental Impact Assessment
ulations (2007)
SRIVers and Streams Act (1972)
~ % Town and Country Planning Act and
D e ek b i Subdivision of Land Act

wand
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I5Es algae to overgrow rocks in stream bed from r land use practices
i e P AT fish m poor and use practices
Smoothers corals
Brings nutrients

Covers beach and reef with rocks
and gravel

e

S5 o
B im o eV Y i et

.

arvesting
FEhENEstng faster

than animals are
replaced

Leads to smaller fish
and smaller catches

Changes community
living on the reef T T T T —
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—

Lalilished pioe
Lithient sources

wetlands
# Collaborative project with APN
programme- examining the fate of
nutrients/sediments

pprapriate
atershed modelling
Blanting regimes

sovernanee- Korolevu-1-Wai /

dregation of MPAs at Governance level
# Mew project using reserve design planning
process to asses their spatial attributes as
a network

Gwerﬂamce- Korolevu-I-

Giupe slidehoider

L afreigtheaing ol camrunity boag by chasring Tradtional sreboess
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(EaseStidy — Yasawa Islands

e "'J.l""= mentand eco
p menkinithe

v S should be deall with

iy iy

(6) Modeling of Tororoki and Puerto Galera Watersheds: Land cover change
effect on watershed hydrology

Outline
Modeling of APN Coastal Watersheds for an

Integrated Coastal Zone Decision Support System
« [CF D88 Framework under the APN Project
{(What 15, what's not)

Muodeling of Todorold and Puerto Galera Walersheds: + APN Project coastal watersheds
Lemd cover change effect on watershed hydrology » Watershed monitoring
+ Watershed modeling
Al Facific Fagranal Trakning Goesrns Werkslog o b Diestion of an Integreted + Modeling of Todoroki watershed
e * Puerto Galera Watershed: How watershed
medeling can help?
ABRN IT_I @ ' * Comelusions

Ariel O, Blameo!, Kanes Mediokal, Tekghles Yemamotat, Eolchl Binjo

1] Depsrtend of P sl a-'.zuumu..mu'f LS, TOKpD NGl s of Ted nesk gy
Haba, Ok irrwn, Japen

ICZ DSS Framework under the APN Project
(What is, what 's notj

i DECISIONS
-—. pueaon
7 0D SCIENCE

Sl eharaciesrisl

Rarilall
Evahkiating
etfecthermas of
o w

livcharge: datl 1 P T
EALLITES
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[orodok: Watershed
and Shiraho Recf
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L befure dropplng and deen
M;Ll’ﬂh-luhlr
FnnrELrALan.

d 11
Mh‘hdt—-ﬂ dischia
& “dlwtion lTeet’ o

GSSHA Model of Todoroki
Watershed Hydrology
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GSSHA Model of Todoroki Watershed Hydrology
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GSSHA Model of Todoroli Watershed Hydrology
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Land Cover Pattern, Discharge and Soil Erosion
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ESEIEF

Balntero

EELEEER walershedd
1 ‘ |

phre i
ki

All Bare 3 ent LU All Foresl

Maure gracdial
moreaserduorenss in
wireaan dischargs

Larw peak discharge

Conclusions

+ Long-term conbinuous monitonng reveals
discharpe dynamies not adequately captured by
intermittent grah sampling

« Land cover composition and landscape pattems
have significant influence on river/siream
discharpe

+ Watershed modeling 12 a useful tool for
understanding effects of land cover chanpge,
among other factors, and hence for supporting
decision-making in a coastsl environment
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(7) Field Observations and Numerical Simulation for Understanding Milkfish
Culture Impacts on the Coastal Environment of Bolinao, Philippines

Presentation Outline

Field Observations and Numerical Simulation

for Understanding Milkfish Culture Impacts In this presentation. .
on the Coaszstal Enviromment of Bolinao, Philippines = infroduce monitering and modeling of water flow and
water quabity
& regiond irmng workzhop * explain how menstering and modeling help s to understand
Bagisnml Trmining Cerne Werkrbhap and address coastal environmental probloms
o vl [wilipanios aff an lausgrasd Decinien Napparr s
Vo Hlimiglng Trvmienl Comr 1. Sty site and its Envirenmental proflem

Fuere Cafera Bramphere Seperve, Pnlipermes 29 - 50 Ay 2008
2, Memsterng and Modsbng,
Eola ASHIKAWA!, Koo NADAOKA!, Bugene O HERBERA!,
Trkahirn YAMAMOTO', Corar L VILLANOY and Erlinda E SALAMANTE? 1. Summary

Takyo lestibile of Teclmalayy, Tekye, Fpin
Naliszal Institete of Grological Sciences
Univwreity oF the Plalippines, Diliman

Study Site: Bolinao, Pangasinan, Philippines g O

Cme of the top producers of Mikfish (Bangus)
m the Philippines » Too many fish structures & Too much fish feeds

* Phytoplankton blooms & Sediment enniched i crganic matters
* Lack of diesalved sooygen

= Massive milkdish kills occurred in 2002 and 2007

B-:lb-n'rll_iruqlu i

Study Objectives Haow to Approach This Problem?
Government of Bolinao {muenugement side): - Field Linms: el da
+ arderad the gradual demolition of fich etructures = Wager Dow - Jh«vrh::qlt&t:l.m.m:
+ pidopted & pobey that fish pens will no longer be allowed #Wiser quality « is, plryioplh bidity, dimubved anyges
*8odimest condibon- ergank vubm oy dessd
Resldents of Bolinao : ¥ Agrailiire netivilice - the mumber and lacatinn of fish itrecsres
» Milkfish 13 8 main researce of food and meome for people - thie valemie af Hsh feeds

Needed iv the solufion considering comzervaiion of waler rerource }WNHHWWI%
and people s beneflt and Hfe & Waler quality madsling

Study Objectives:
= Ta undesstand water Aow & waler quality in erder 1o

evaluate impacts of the aquaculiure on the coastal envirenment
= Ta transfar the rezearch ragults to management alternatives

3. Dexision-Making: whhize the study remits for proposmg alternatves
FSincking denssty
F¥obune snd repency of feeding and herveet
¥ Location of fish pemns and cages
= {Nhars

Field Observations (14Nov — 2Dec 2007) Muonitoring Using Sensors
Dats-lopging sensors - 19 daye conbinuous messarement
- Collestisg deta of waber (lew md waber qeality {mttuched io mesred beoys and fcod on (e bediom )
- 12 sintions areund Santizgn Island, Bolinan
= Cellabeention with Marise Seiesce Tnstiuie

Univwergity ol the Phalippanes

Balinao Marine Laboradory (LF MSI) nmgh“n; Exnmple of mnsor depheymisd
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Water Quality Monitoring

‘Whaler sampling:
+ Amulysis of notnents (NH4™, WOz, NOw |, PO4 |, Sa0z)
= Analyeis of chlorophyll-a

Mualti-quality meter, AAQ:

Vertical profilng of water quality
{Tempesature, Salinity, Chl-e, Turbidity, pH, Dissolved axygan)

Waler Sampling

‘Why is the Kakiputan Channel so Polloted?
= Water cannatl flow frealy due to the marrow and curvy topograpkny
= In & tidal eyele, polluted water tends to gather in the channel
* Demolishing zome feh atnuctures in the chennel would prevent
fish kalls

¥ . B

254

What Can Happen by Phyvtoplankton Blooms
During Myap (ia:

* Mesaive dend phytoplankion aceoumulate on the bottom
—+ Oxygen 15 consumed to decompose dead phytoplankton
—= Low oxygen level near the bottom

i fak
TR TUT T n-m?‘wrr:-: e s e om 1@m
Annaie comdticn
Numerical Simulation

» Water flow modelmg: Delft-3D FLOW

Objectives: deseribe the water flow processes and
intarporales the smulation result te water quality modal

Excessive Fish Feeds Impacis
» Nutment ennchment & phytoplankten blocms in agquacaltare area
* Polluted water disperse towards close to the reel
Chisropholl-u
(Phytoplaskion)

M benla

o A,
L 3 maln 2 D““:"‘:mam
0 Dranived flieaie

Qv

Phytoplankton Blooms
= Flow gpoed become slow during neap tide
— Low tidal exchange and weak wertical mixing
— Phytoplarikton bloomas tend to occar during neap tide

ﬁ -
*wﬁmﬂ“

1 . H
i UG s I i W U6 Ll A 1w

Milkfish Kills due to Oxygen Depletion
During epring tide:
& Deorense of phyteplamkien
b ol sxyges prod nar the surface waker

» Ewong flow speed and sirosg vertical saxing,
- Upwelling of nmaxic waoter from the betinm io the serface

Low oxygen condition from the surface to the bottom water
High possibility of milkfish kills especially during spring tide

Dissabved oryges (gl
+ "

—_—
" Criligal levike lor salkfiali

= Water quality modaling: DelRt-10 WAL

Various management srenario nyserEment

= Change the loeation af fah srertures

- Decrvams the munher of fish structherse

- Change the siock of fah srocteres sl G ot ol lish feeds
= (thers

Firnd & belter scenario considering conservalion of waler resources
and benefit from squaculture
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Summary

= [Righ feeding inpart frem fiah structares bave coatribubed sigaidicmthy o
nuirient enrschment smd phyteplaniton blooms oot only m the aquamlbers e
It aleo raghi clore 1o the Rolsn rel complex

= Waler m the Kakipulan chanoe] relsinvely end 1o be polioted Lessesmg the
number of Gk struchres in e chanael, fish kills would be sveided

= Dissahved eoygen in the aquarnliere area wis Less than the critival Jevel frem
warfacy i holtam wibsr expecially dormg sprmg Bde

*Munerseal gmsilation will contribde o evideile varicus sansgemnen icesrion
and propese selotiom alternabves for milkfis oulboe
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(8) Numerical Modelling as a Decision Support tool for Conservation and

Acpeaculture
Tivigation
Poweer generation

Navigation

s Apdmal Habit

Management Simulation Scenarios for Laguna de Bay, Philippines
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Water Quality Model Dutput
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in tha sbanaence of mair, S foal iy,
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(9) Puerto Galera Water Modeling: Towards the Development of a Decision
Support System for Water Resources Management

BHHHVERSITY™ i
4 HoCARPENTER., i.w.ﬂ.ﬂ.,mr #

-l

27 May 2008

i x &vg depen 16 m |28 m
Bepposal Wirsheg on "B Uil ustion of an Inlegeeles Deceiin Suppan Syl _.

o Maragineg Trop al Somas 1 e Ho g rives
1oy Dol Bimpphnsie H s o Wi . JE230) Wiy TR I

R o al M e, T iy P Sy
many tourist? d T e e
ol s, e, o

DEVELOPMENT OF THE DECISION SUPRGRT SYSTEM
D55 = 5 comauterie=d sysham or heiging make declskons b smmote e
earaer,alisn ard reshration of Thia Sritists coatls g
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Understanding of Physical & Blo-geochemical behavior of PG lagaon

1.Field Observation Snot-berm, Loaglerm

«Collect tha actual fizld data
sLindersiandrg al bre of suney condlions
==hort-term end Long-lenmm suvey

[water jem perature, turbidity, salindty,

2 Numerical Simulation Hydrodyramic & Riochemical dynamic low valochy, watef level #ic}

=Uging state-of-ihe.an namerical model o regenerate the
wdrographo: and beo-chemical featuras

Cormend pieceeese ied suney dala
sEnabie 1o nvestigata the walers In broader space and time scaie
“Effeclivie waler resounces managing ool

[nuiirients, chicmophyt-a)

2. Numerical Simulatic

Winter lavel & Flow Valacity

6 b

Usiing Delft3d model,
a three dimensional

density driven
turbulent medel

-
Hydrodynamic model Circulation £
Regiructure the clreulation and
: sty Its characterdstios) A igrmhal ‘W"‘[\ tar waer BTy g
L i 2

- ..

Water quality model
[Restructure the bio-chemical
properties of water and sbudy

its charscteristica)

Bowih Chiliis Sea Sllewy v N

T T L
bk y——, Flow velocty
.':--j"r'-g;lr; ks

Simulation -

it S e
o il
i

]

e

AN Ty e
s

b

oy A l-:. PG viginity model
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Simulation PG's circulation

LR MY T SPTT WR T TOMPLRAR R

Surface flow valocity AR
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Sirmulation: Swfsce smpearsure Holiam femperaiune

Nurnerln"ul
Sariiila
Water temperature at
Near surfaces

wm ol PG
lagoon

Dbservation & Simulaon

Maodel Validation: B
at Mualla pier
Dbsermed;

530

| madel

xn and water quality if 77
Circulation is

governed by only
tidal current.

Reopen Halve the influx
sandbar pollutant

Triple the influx
pollutant
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1] ng

Reskdence time anakysis by parficle tracking modeling technigue
Residance time analysis by particle fracking modaling technique fftar [ Malasa  fday T T TiNashs
T ey n s | i g iy | RCH! ) ke ©
{_ ¥ ¥

& 224 F o 2007 AOOE I O 090 o e P O R 00

Presant
condition

[T

F 7
o coomntadE—s |l

Present Reapening Without £poradic
candition sandbar intrusion of offshan
cool water

Algan - =y
b o
L=0 0 A‘c;: F | ‘—"IN If-n \:-'_,.,I':? i
R G
Ditssal el ‘ ! ‘ £ ‘
Dizsalved &x:ln % “ A v
m‘ﬂ *

SUMMARY

Particla tracking modal = Field cbservation coupled with numerical model
can deliver the basic understanding of PG
circulation and are important elements of DSS,

= Numerical simulation can be used to extend
limitation of field data and to predict and answer
what if scenarios.

1 = PG water circulaticn is governed by the differences
of water level between two sides of Verde Passage.

SUMMARY

= Immediate intermittent intrusion of cool water is very
important to maintain the water exchange and water
quality of PG lagoon especially around Muelle pier.

= Open gand bar can deliver positive improvement of
watar quality at area very close to sandbar. The
improvement of water quality at Muelle cove is limited.

= The most effective way to mitigate the water quality
problem at Muelle cove is to reduce the amount of
input pollution,
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(10) SeagrassNet as a Decision Support System in Conserving the Coasts for
Tourism in Puerto Galera

“Seagrassiet as a Decision Support
System in Conserving the Coasts for _
Tourism in Puerto Galera” i Rob G

T'.

"> Fred Short

vamaria Kech
“= BAaren Freeman i
=-Giuseppi Di Carlo: T4
= Steven Victor

% Tino Chi

Goals of SeagrassMet :

*To

< input to policy
decisions

2 Sabang

Transect (site) location Random quadrat positions

0o
HO D BDE O B2 2 oo

B .
pmL T OO0 d OO0 O 80 gamg;
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scription

[0.0035m?)
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The Cause: SeagrassMNol monitoring across the Americas: case studies
of seagrass decline

. .
L e Turvarcardl. Brax i

L‘_‘ Abrohox, Braad

i

Boel FT.E Fooh T3 Coned B M Magalhoes, B Ferowrder T L Gaeclce S5H
Ceagrazsllit mersionag amaerthe Anmics: cam studws of seags deslme
Muiie Beokagy TTITT-1ER.

Cowar %)
'

= arng
= Chmate change
[ ¥l
o f el ?,r .r ; o r" o --'.1-"',"r r F

Cower %)

Mutrient loading
from tourst
de pmeant

grazing

Denuity imhaats m'}

Bensity (shoots m?) =
i T

9 Suspended
" Sediments

Massive land
clearing and
deforestation in
Malaysia

Sediment leading

nutrEn leading
Clifmate change

Direct physical damage
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Seagrass Sites

Change in Percant Cover

SeagrassMet Global Report Card

T e e
W i
Dy mereas:
£ Hoomange

| Lack o ioin

Change in Percant Cover

Indo-Pacific SeagrassNet Change

Seagrass Percent Cover Trends for
Data of All SeagrassNet Sites

16%

" g Xy Ex M Decrease
& k'3 = Mo change
e m—— . 53% . MIncrease
T Dering N v 31 r"i.'l
By Aln M Lack of Data

Seagrass Percent Cover Trends in SeagrassNet
Sites Having Sufﬂuanl‘.;};m to Detect Change DG iswat S a it {aF BabtTmENE)
(n=33) Species Showing Declines
Halodule wrightil
Zosbera marina
0%, Thalassia testudinum
Enhalus acorsides
T304 Zostera japonica
N Decrease (n=11) Halophile sinulose
Mo change (n=22) Halodule uninervis
® Increase (n=0) Syringadium iseetifalium
Cymodocea rotundata
Cymodocea serrulata
Ruppia maritima
Thalassia hermprichii

670
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Causes of Seagrass Declines at SeagrassMet Sites

il o] Cepiile g har Seagrass Soeca
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(11) Spatial Decision Support System for Coastal Ecotourism Management

Conceptual diagram: key processes and
human impacts in the coastal zone

-
Spatial Decision Support System ettt
for Coastal Ecotourism T 2l | e
Management _— "ﬁ%?-f-}‘v el e
T o (L. 290 ol e -*i i"[ . " e
Enrico C. Paringit, Dr. Eng g ﬁ@"tﬂ;’?‘ . ‘V‘ Ld:
University of the Philippines Diliman : ﬂ:::“::::__w’:.:: St s s
| ek Pl e -‘n' Iren=a bagEnchacsl
" L 1
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Hierarchy of Coastal Ecosystems

Ecologically-sustainable tourism

= Does nat usne o
subsituies oan be tourd for thesn

- Ones ot use menewsbie resources Taster than Sey mn he
mapibendshid

- Minimlzes opsm ol gy onsuTpion

= DOnes not micase polutants Tastor than the biosnhoe oan pmocss
Thes [ g Feranines (A0

= Huk na iepact on baodeasin and xsical iy arvd
s

< BAzntans a full range ol recreational, sdunational and cutuml
apporiurSes for tha presant gencratian and fullre gararations

< Bonofits local communitios aned the regon socily and
oo mically

- Dines i attan the papadity of edhar seelom ol M aooramy [
ichismn scniogical sushainshifig

fasier than el

Coastal Tourism:Stages of development
process

Stage 1: Feasibility

Stage 2: Planning & design

Stage 3 Assessment & approval
Stage 4: Construction

Stage 5 Operation & manageanen

Terms of environmental acceptability ()

+ investigate and plan according o

= 50il type (eresion potential, structusal capacity,
stitability for buitding and the prasence of acd
sulfate soils)

- presence of threatenad or endangered plants
or animals

- resllence or fragility of existng vegetation

- other uses of catchment aseas thal you may
affizcl or thal may affecl you

— cumulative pressur and impact of other
activities in the area
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Towards a sustainable coastal tourism

Ecoingically susfainable
devalngmen.
= ackrwisdges the

- Rocognizes thad the l

PIERENT B NG

prasants opgomeniles

and gals conatains

15 alse ahoul brngng
tagather the vanous
IMARNEE] GIToaRns

*

[} Erbgically snisimabir o s peren

Guiding Principles
for Sustainable Coastal Dev't

+ Interdependence + Integraled pianning
* Balance + Consultalion with the
+ Cumulative impacis community
« Walue for + Siting

conservation « Design
« Cuftural heritage + Mondoring
* Flexdbility

Terms of environmental acceptability (1)

+ avoid changing or damaging. either directly or
Indirectty, coastal sites of ecological, heMage,
cultural, scaantific or educational significance
such as:

- Mangroves

- Welands

- Dunes

- Esluaries

- Hislorical ar archaeolegical siles

- Sacred of culluraly significant siles - stes containmg
any thraalened or andangared specias

- naghng sitas far marine reptics, mammals and gaa
berds

Terms of environmental acceptability (3}

incorporale buSer areas

avord intedeing wilih olhers’ wsa of land or walar in the

surmaunding area

miremisa or eiminase wageiation ciearance and mainlain

res cower and dunal segataban - you can also coliect

secds and seve Seadings 10 wansplant for revegalation

= incorpimle meAsures 10 prevent Rosion, subsdence,
lenddslip and naundalizn

+ Incorpoials wasle managamen measunss wheh pravan
unaccepahle plluion of the land and witer

= comply wilh the planning reqguirements for wour lype of

devalopmend,

*



Terms of social acceptability (1)

+ recognise that current land use - is valid,

and some people will not want it to change

ensure that the development will place no

undue financial burden on local

COMMUNItHes

+ investigate surrcunding land rees which
may affect your development or with which
your development may be incompatible

L]

Terms of social acceptability (3)

= corsull Turher wilh local
communities aboud the
likedy impact of the
proposad davelopment
use The consullation
process toohlain deas
and Lo gain support
idantify local concems
+ formudals & commmnity
copiract or agregmenl

*

Checklist for tourism development

Terms of economic viability (3)

+ costs

Viability of development

+ marketing strategy

+ Compensation for affected communities

-
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Terms of social acceptability (2)

= congider the development's potential o

"

disturb local residents due to:
= Ioss of outlook or views

= sunlight restriction

— decrease in privacy

— pollion (air, nolse, water, light)
= traffic and parking problems

— o of open space or parkland
= logs of herftage or cullural sites

Terms of economic viability (1)

idantify your proposed market, now and in the
Tuture

|dertity existing facllities and'or activithes that
cater for this markel, whether thre are oo few
or whether they lack characteristics for which
there is a damand

assess the compatibility of proposed activilies
with others curmantly avaiabla in the area
considar and compara the cost of acquesition,
consolidation ar long-term lease of the and

identify funding sources. and any govermnmen
incentives sUCh a5 tax concessions or rate
reductions

Terms of economic viability (2)

Promgoirn cavsh flove projeciions ke Bath the sheasopmeni and

opeRtonal phases of the peject. indluding:

- ot o dnaircraTreral nadob atin aed reghsdd alios

- ECiratnd cohs asd contin gy bedgets

~ Wby lirodl o] el v Egpiaidinenn

- ToalSEC Elimiabis of pIojecind sewanugs, i both e o and kong
f=me

- propecied peof and s for shor- 3nd g e i eals

- eopechad yisld on e irssstrasl, peofi mangin and rats of Peam

- projscied decoumad cash fow analyeis oser i |17e of T project

- Sroring of the propsct and sy sl dett sendcing imgkcations

- peneikiaiias fo fadion: puch ms cost and Hning ovar-ruse, Bigherinsiion
il inlsiasd rites and daciasaed i sk

- pprassl of prapecl optom - o i, devkicpries] m sl
ozl mealing doeam ity vmrmin finmnce

Information for Better
Coastal Tourism Management

Clearty, we need Information to make better
decisions on sustainable coastal lowrism
Wimat are the sources of these [nformation?
1. Census Dala
+ Popsbation s hausing
*  Congiucimm med infrsmucun
= grcufiure and Fiehenies
2. Field surveys by sciemtisls, monitonng by peopis
A, Maps
* Eeroie sereiy Sateliie anages, sesal photography
+  Thamato meps by govemerent agencks
4, Local govemmand rarsactiansg
5. Tounsm facilRy opamtions



Pugrtn Galera: Pqpulathn Gﬂ_nul:h

25,0000 Fopuliton Saatist

ki

s by
—i il Sowin

Grosth rabe (%)

o
1980 1970 1976 190 1990 1995 2000
Canzie Ya

RMIS Implementation Requires

Pracise delnition of information neads

- Type

= Resulution

= Acouracy and rekafilty when reguined
Dedadiad infarmation on physacal ervinanmant m which
the: systern will apemte

= Physioal charcterisios

— Denailend desciipton o 1 g mavitnmd
Hew Ihi: resourcas ar 1o b managed

— Harw is the infermnation geeng o he wsed

— W mil] e T infornnatan

— Wreall coloe and peepans the nfoomation
Dihar refavan conaderatons

— Finandal, Kegeis, polifeal, and othar corgimins

Science-based tools for assessment

Pt
o -

Buossin Eaisnanontal
u,
'mmm"‘
Maidebrg!
Sariatizn

Faatures of the coastal zane and the remota
sensing process

-2
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Puerto Galera Environmental Loads
- Sewage Qutfall

~TNater conSLMOEaT ™, Dumeslic wasts walsr
(El.ad.mm_parqaptal— » Sawage lanks — 75%
_ Apopulation o *Pil—10%
= o - 14%
+ Touwsigl
;farmrnn@'n" Groundwates

L dicharge
%,/ + direct discharge
\

e

m
)
- Bay Area + Baachas
Beutriant Enrichimen

(N, P, C)

Information Flow in RMIS

Frecesses Involved IN 4 snpey Source o
Bumination (4]
2. Radiation and the
Almasphang {B)
& lgm;r.uunwmm Tarped
]
4. Roco of Energy by the
Sammﬁ
. /| 5, Traremession, Racaplion,
"%-’ | and Processing (E}
! |I 5, :Frlhfpml.w.l:nand Analysis
]

L/ 7. hepication &) <y

B s e

Boat-basad ha bitat
mapping meathads

'_.

[T ap——
e =

| e

leas

hitaiiad 11

-

Erdrmrmn
SraasGema | 1838]
| ik e e ik . 9, 127-10E



Satellite Datasels

Uses of Remote Sensing

+ Produckon of base maps/chars
« Resource inventory and baseline mapping
= Monitoring land-cover pallemns and disasters
+ Monltorng population siruciure
= Monitoring other envirenmental features and

pracesses

- Enwironmental sensiliviky

= WWaser areulation

= Shoreline changes

- Aguacullune managemert

= Baglogical productsaty
* Fleid survey planning

Example: Single Band (Blue) Image Example: Single Band (Green) Image
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Applications of Remote Sensing For
Coastal Habitat Assessment and
Monitoring

Field data multivariate classification

Figai Chondrogran for saageas

hhitzis, sheadrg thaes lsls of

dhimiiplied Mickohilon, Chisiars 1 aad 1

ek o ol Bams Bmaesds of (he Sy l
and snall Chislers such i those =
betwman S md B neskmred), am

ereeed i iy s 120 fan

Prozn Edwards wl. al {2000]

Seagrass habitat classification

Momre piems Manmirem

Macroalgae

Describes algae 1hal ae lange enawgh o sea by the eye
1. Fleshy algas
2. Calcaneous algis

3. Turlalgas
4. Crusloss g
Threse &pacics

» Ried- important ral-buildeg omganisms
. aeo {Chlgraphyta) ex. Entemmanha,
Halma-:la

& |Fhaaaphyia) - conlain bmsn pigman!
lu;n:ean:mﬂ
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Mapping Corals and Macroalgae

+ Satellite images reveal a kot of information
through tone, color, texture, and pattern of
different habitat

+ CONTEXTUAL EDITING - “the application
of commeon sense to habitat mapping”

Preliminary marine classification

Forerat bab s mps
Fasl

Fev e Dz ek i

+ Sand

+ Seanrass
» Corals

+ Algae

Btk hohiet cove
Franrnal

L l"'.mi‘ F.ms SO0, 2
dniaceala pawETa
Pt rmad

Sand

el

Hpx] eubeioten

Trioen s s riskedd [ ighy densi
Trustn Erin Sors redad N doraity )
By e maled Srgh demey)
Brngmiver dore salnd dow derry)

“M Boagraanay (kgh mid-iﬁi'l al 2003
Vol veagraaas ow Sasaily)

General Classes




Sample of Image Classification Benthic Cover fram Image Classification

Foatcak Fser Wi A

Puerto Galera: Land Cover Study

e T T —e
= | | ; :

|

> =
Fukido River Moiith Shiraho Reel Area

Irruisgpan taken frern Aok anced Spectrad and Tisarreae Radic e (AETER)

The D55 Toolkit Decision support systems (D55)
1. Visuzlization 100l + Definition: Systems that provide help in
2. Spatial analysis J— o making decisions in complex situations by
technigues : using data and models to evaluate one or
3, Advanced analysis alternative models of solution of a
madelling tools management issue
4. Decision + Basically a reduction of decision
alternatives alternatives so managers can evaluate
evaluation
D55: Key features Some definitions (1)

Dracisian: choice Detween altarnatives
« Dacision frarme; set of allematives
Cancidale sal: individuals 1o wham decsions will

+ They do not make decisions !l

+ It must use data and modals to mimic
aspects of the envirenment that are of

int apply
Interest « Dracision set: set of all individuais that are
= |t is interactive asslgned a specic alternative
2 : + Crifenon; basis towhich a decision is measured
Used to confront complex issues e
= Factor; criterion thal enhances or detracts from
suAability
= Constraint; serves to limit alternatives under
consldersation
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Some definitions (1)

+ Dedizion re: procedure by which criteria
are selected and combined
« Choice function: mathematical means of
comparing alternatives
— Choica heurstic: procedura than function

+ Evaluation: process of applying & decision

Multicriteria Evaluation (MCE)

Steps:

* ldentify the faciors and describe the model

+ Create the numerical relationship between
tactors and suitability

+ Srale the suitability

» Determine the weights to be applied

Problems associated with coastal touriam

+ Lack/absence of wastewster disposal facdity
Lack/absence of solid wasia disposal faclity
Shorage in [good) water supply

Unplanned development — crowding

« Fallution

« Degradation of haketats

= Degradation of sea water quality
Convarsion of important land uses

Loss of cullural identity {socia)

F

Example of indicative models

Lewier ws | e v e
|
]|
s

s

T = i b cueductivity
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Types of decisions
Single | Muticriteria
critaria

Singks
objective
Musticriters

ohjective

DSS as early warning system

[—— |
e GEE

[T
| i

E
T e —m—is T E
sy TR = [ oo 5
| Ssailariy 08 [eferene 7 b
=
i Nk Vamy Mrwls Lrers of lf
M r remem 3

=g H T

=]

#
A el gy | 0 e e sk ek s s,

Freen . OAHDOUH- GUERAS. 200F

Some key management actions

» Paliution abatement plans

* MONITORING and EVALUATION of
environmental conditions

+ Policies, laws, permits and enforcement

* Financing

= |EC (Information, Education and
Communication)
— Through scenario-budding (e, modeling)

HMonitoring and Evaluation of Key Indicators

Recommend use of D-P-5-1-R approach
D - Drivers

P - Pressures

S - State

| = Impact

R = Response



Example Key Indicators (1) Examples of Key Indicators (2)

iy T3
EE Rt (=1 WIMEEES e B el T

P s v lnai et e sy Bimrabbr L e Virrar e

et I ERat el oy e
e - il ! e S R = i e
R T 3 sk eyl el Tt T PR e
o s el B s A B e e e e R Lot R
SERIVEEE O BT et o s e ESEEE it
et i T e e e I b
1.-v---'I--:'c-""---—l-:- T - ;‘:'__-_"I_'l:"_-“""- Lo - e s e A e m..---w-u_
:: - o *:"_ St e e iaE T—— Bmprrm wrriees :’u—-r:i-q“:- :.l.'“:".;l::-#wm-w-
Workshop Proper (1) Workshop Proper (2)
& 2 ; .
What tourist attractions do we have? + What kind of information do we need in
+ What tourism facilities do we cperate? order o better manage coastal tourism
= What problems and or Issues (hot activites?
spots) in our areas that affect tourism? + What management approaches can we
Classify them as O-P-3--R take given the availability of information
= Where are they (3 above) located ? mentiocned above?
~ Find them in the image map and label
accondingly

(12) Environmental Monitoring and Management through Socio-Economic
Profiling

Marine Pollution

Environmental monitoring and * Marmcdsbris - any manufactured or
3 : processed solhd waste matenal that enters
management through socio-economic the marine environment from any source
I]r'ﬂﬁli“g » Recreattonal and  tounism—related
+ Fishing debris
+ Gewage—related debris
Maria Cecilia I). Rubio-Paringit = Bhipping waste

DL3U-—Manila + Waste water - sny untreated water used for

household, industrial and commercial purpose
» Domestic waste water
+» Indusstrial waste water

Some Environmental impacts

on tourist beaches Coastal Zone Management
- - i Camprehensio i the lexity af astal
}_:ur;l::];;rds;hmlethal effects on marine i m: m ﬂ‘m ﬂﬂf:ﬂm““ e
* Deereases scenic potential of tourists -lrmu:raﬁm between sscio—economic and
* Brings risks to tourist and local people’s IO
health

-Parﬁuipdiun of the community in the
- Dma_ge ghj-pa production and use of sclentific studies

Evaluation ol community perceplion is the
1st step
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Aims
= Impact of human activities in some tourism
areas
seawaler quality
= integrated socio-environmental approach

emphasize the community’s role in water
quality improvement efforts.

Socio-economic characteristics

Case 1: Cassino Beach, Rio Grande
City
« Heach litter

* 2 study sites

= Litter guantification —
«litter sampling
*More waste in areal

Problems of Cassino Beach

astablishing administrative priorities
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-
PROBLEM Are | () Area 2 (50 =
Azen 1 Aren 3 Litter En 27.4 [ —
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£ Whsmwatnr a3 1] marE priblems
Bex Fernale (57 5% Femile &7 13 Lack of shadow a3 58
Armunl irgomes = 1NasEa0n (5%l = TETRRI0 (30 5%l Orver ocrupaition 31 237
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raxiduas germrelad in (hebret? | Cheryst o home o | = ::"' "‘*;' e ey 1_": —— ::: :1‘
Fuk ot waska bine L2ty a8 i iy P At
T pou hwes ab lesat orce Jamved | Ho 4 "aa Do g ook e Cassie leagh. | e i X
Titber on the beach® [F s, g ui | YeaTam qualy EA 181 e b o i i
Ll
gl s, L oo at gullty Ldg o [T T YA e—_— [T By ETY]
Do you snoks® I pas do you | Mo ETT ang e e ook e Ho L] =g
rarmally lesse cparatis bkl o the | Yee, 1 reormalby bava LOE &2 More o7 losa au 41
& Flair b pomy iaggiarions b mdts | leprrmesin o peoplea | W a4
e Yo I ncomally de ot lmees. 34 - 1:3 T
Miore bresh b B a
* H;ﬂ . Disirkastion of plastic bage [ 118 a3
[y :L,]_tte]' Apphioaric, of pasalry izn 14
Hun engr x A tascasar Akt 54 a1
Better behavior Pert_:ep’ﬂm] More dorine a1 55
' .
Findings
= Litter genseration is related to socio- Case 2' Puerto Galera
sconomic characteristics
* Public perception = important for * Waste water



Tourism area clusters

upper-class hotels
and restaurants
* Famous for its “nightlife”

and dive shops

aler poiulion Ehr‘ﬂlﬂ LR

Non-functionsd wasizeator

phaciment fliralion facify

Materials used

» Social — zocial profiling by questionnaire&
interview surveys

= Environmental - remote sensing (using
ASTER imageries), GIS and GPS survey

— Bio-physical — water guality
measurement by 8TD-type sensor

Built-up expansion and land cover
change by remote sensing

—Ljf': White Beach
4

e -
i _? (13 |
o 1)
Meler
I bui-up 2001
Expansian far from the beach [l =t-up expanaion 2008

| rores: zoos
| seforested 2008 (om 2001}
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"Mosrad
yaehts™

Muelle

= Busiest port

* Take off
point to

IssuEs

White Beach

= Babang's economical
counlerpart

* Long und extensive heach

* Popular pmong local Filiping
lourksts

* «cleanest among the three
Lasurisl spot

Water pollulion ourrent
miligation practice

;--.-.-n-i;npndi_j-

Population in Puerto Galera

1 25000
= | 20000
! : +suuui
| | [ £
+uuuu!
: ’V s000
l | = 41 i L u
Yewr 1975 1880 1980 1983 1887
[ Gtn. Mimo [for Muclic) lml:lmqfu-uummq
I Sabang —C— TOTAL Populatien

(i

tlery -

I bui-up 2001
Expansion concentrated Il st up expanaion 2005
slong the beach I rorest Zocs

| seforested Z00% gom 2001}



I buib-up 2004

Expansian far from the beach [l bum-us sxpansion 2008
I torest 2o0s

] detorested 2008 {rom 2004)

GIS set-up for organizing all data

Knowing People’s Perception on Water Pollution

Sabmg 32 i

White beach 4 w1l

Muelle Iy 58
el Il

Mo, of respondents

Tourism seclor — as represented by hotel/restaurant owners
Or MAnuEETs
Household sector— as represented by the head of the family

Sealed vs. Open Septic Tank

Marhole  Manhole vy, paity
e e
o Aklml—[‘ <
| 1 1
fi :
Chamber k i
L .'-u-.--l-.'i U
_— . [
Gravel & Sand Besding

SEALED TYPE QPEN TYFE
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Built-up area growth

) PG Bl

Population growth may not be the main
factor of water pollution problem.

Outline of social survey

» Actual situation

~ Exighng sanitabion fecilitios

— Aetivitiea and sanilation practices.
* Perception on water quality.

— Indicatore

— Duration

- Megative effects
= Opimon on pallubion problem

Type of Toilet

MOSE PEOPIE rusum T Hoeshold

acquired good 5o 0 1] 108

facilities for B, Locarines

toilet. |
e — i

combiination
IusBgour ype

‘combination
type ] 1 ik
M WhitaHanch
nE EEWer H Ml
Septic Tank Systems
% Respondents

Despite have Tourtsry, Hojsgmholt

good toilats, n b

people do not .

have good

Tacilities for -

ralansing F

sEwage. L

e | I
= il Sabang
o ARSWer 7 B WhiteEnnch
| [ Ml




Water Use v Point of wastewater discharge?

1 WibreBeach
Water usage % Rospondents [ Ml Difference % Rospondents
is mostly for e remson between White " so o 30 100
basic needs. —— Beach and
food proparation food preparation other !
elewningaundry households. .
Bathirg -
l pouitry i
swimiming R
I da nal know
NG answer O answer B Sabeng
: D A ST B WhiteEsach
Tkl

Did you contribute to water Water Pollution®?

pollution?
The difference o p, = Sabang % Wespendents
highlights that s 'T“ Haustaold pecple detect "3 e el
points of water
wasie water pollution in
discharge are contrast to
their basis for White Beach.
recognition of perhaps
fault in water da nat
pollution. o
no ansEwer L L)
B Saneng
g [T TS Wi
T Tl
Polluted? How can you tell?? How long does pollution last??
Turbidity, P, i <27 Sabang got . %Respendents
alg“ and 58 0 50 a0 the Inﬂgﬂt 50 o 50 100
color are the duration of T 1
main pollution.
indicators weal |
according to s
pocple:
Z year
alergyldizease o the time pr—
RO - = I WhiteBooeh
:mn nang  Muslie
Tkl
Measurement vs. Perception
O rorineckzad -
Water Polluters??
it
: Hehureim People usually T i
1| il blams othars 1% 50 0 50 100
lus for the cause | I f
B H - rewns fom of pollution.
1 T8 EQ Hwiw
F‘ernmmu& Merzirnd parameters m{:t:rr:t'-"jnm“”m yacht
£33 By (I Ry hatelirestolresort
gg g W By W —hike Bioach lecal people
no anseer
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Water Pollution: Effects?? Setang re the Health Effects??

people
People only Toutam TeRERReGel L experienced M& “rﬁ-“'
recognize few L 5p L the harsh mo 50 L] w00
effects of consequence |
water of Pﬂﬂli."ﬁﬂl'l. d i
* pollution. Realization of
pollution 1
effect on biota AR i
aesineiics late. >
loss of tourist diseasesfallergies @
ne answer T ’ :mﬁm“‘h
Ml Tkl
Who should be involved?? Potential Tools??
ondents ation %
Notalldonot  rousm * ™™ ™ usehors Iisbegerss Tourgmn * N ity
think that % o 50 campaign is
solution to the neededto L
problem is a &
foint efort evvironmenal I
Trust among mm:m. 1
others must
be built e T
NGO's 1
Lagand: athars 'I i
Mo Ansear W Sty 1 Snkang
Winankinach SRERRE = Whiteflaach
:Hu - * Bbuiie
Willingness to Pay?? Summary of Findings
= Social Profiling & leedback system
Not all are % Respandents — Reveal people’s activities, practices and perception
willing to Mi:m @ Tﬂ 100 — Perception and meagurements: complementary taols for
contribute, - ) manitorn g
due to doubts - Bﬂmmmlwmqqaﬂuimﬂmﬁmnfmwmd
in the problem improve smitakion prugkices
solution
efforts. * Inlegration approach
£ b — Souml, physical and bielogical aspects of ecomstems provides
5 clear picture of emvironmental problems for eifective
Teare ‘managenent
— Paople's imvelvement necedsary in monilosing and planning
no SEnEwWer
{1 Psn =042 Yan )
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B.3 Group Presentations

Group 1 (Bio-Physical Indicators of the Environment vis-a-vis Tourism

1. Effects of Tourism on Biophysical
Conditions

TEAM BIOPHYSICAL

S AN TS )
Ash a (Japan)
Hetty [ Fhilippines)
Hoyet (Thilippines)
Fd (Fhilippines)
r‘anm |'|"h:|l|[r1||l|r"l|

Belike (Fluilippines)
Mudee (Thailand)

1. Effects of Tourism on ects of tourism on protection &
Biophysical..con't sustainability of environment

livelihood

P resonrces

- Nﬂgﬂh"-"é'ﬁlpdft 2

erosion of

‘embankment) ek rip-rap at Coco Aroma
+Adr becomes “smelly’
w Phyvsical space

{11 Al at fost bul positive in the
becomes limiting e.g, , : : : ;
tretwt-t-n & within househaolds, beach i ﬂ'.E P'.E&Ent o e
profection is perceived by many as
for recreation EXPENSIVE, AN ENEMY, ANTI-
DEVELOPMENT

3. Economic viability of tourism re
protection & sustainability of 4, Findings into a DSS
environment_ !

by many but not supported by

npls of ood amctices
'Muulnmun-

5_-_111.1[11.11't largely to coastal tourism

s Mok substantial support to terrestrial
LOUrism resources

5. Integration of findings into an IDSS
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Group 2 (Social Indicators of the Environment vis-a-vis Tourism)

The Social Group

Clemlinre:
Profmaer Keon Nudacks
Ms, i Taakamuca
Houe fuuzla
Carerinrm linges
Eagere . Herrern
Fggren Dang Mgsl
Iiwan Malmur Hamiicn

Obsarvations:

Mssharge ia through septic tanks (mmiilration)
HDomestic waber i from groundwater

drest infiltvation of contaminated liquid waste to
groundwates and flows directly to seawater

IIMo master plan for infra development

JSabang and white beach touriets are diffarent
IWhite banch tourats are domestio

DArpund 95% of Sabunp tounsts are forsgners becauss
af dive apots {diving and night life)

3. Indigaters of pronomic viability of toerem mrel. 1o emvirooment protection
sl vible bif meceanarr meaaenss phowld b aeereesvaly done

-mOrT eRunah O SENDaTEES O SR renmetal profontion b i
[ e T AT

-Iplensmitaton ang eginnement of faws
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Obsarvatione:

JSaurce of living of Mangyans ig farming/kamgin
IJ Foreagners / Villagers give donations to Mamyans

There are govermmant cutreach programs for educstion £
Liwelihood to Mangyans

[JThe price of local commeadities mereased
HLow edusation to local people for environmental mansgement

Hotel ownere: good management practices applied in White
heach

[JBeach repor! frontline hae extended shoreward over the years
O Proatitation

Indicators of tourism efftcts to social conditions i White Bench

[ g

Lrvebifond Sy and barger apparus tes tap & resar Al book opanaion
oLt messmanes)

Lftgration and ralarealy mare fEacen dnveshors
Poaple in Wil rach have poesd wamm o lenem (Sraigners & locall
Founss antands belp &0 sabtve posple

Touariae [ place of et and e aifatalally during ot soamv

OooCoo

o e tonerrm o romewiat enaugh S fosalr

O  Prosrkay aceeptoes
2. Indicators of impacks o

Dl dmammipged surmips Baalnk cassem)

and |rvelibood

DO Pefehir water s proddem ealh concerm?
Omerecss 1n (ooms crporaaties

DhiTrremt bt arer somgemvian! b o poreper bt dave Soded awarevoss ard
TREETEET 0 SR MRl

A4, Tressdormmtion af fiadisgs 1o DS

DhSnctal Abby o indheprete fe DEF ar imped fr v quanifoetian

i a:]
¥ aeian] vy ip skl revegaiged. Coordinatio watk boa!
Foerrumenf Lrimporhant o mertainable sootal gt

O T s el ad:l
of wane fewding

DhSeteal gy 1r e e divek-ho cannecting & OS5

-

ke i

Al

Doy’ change i maa dada 1z impeerfest o trend analpes for DEF

Some images fom the team field sarvey trip..




Some images fom the team field sarvey trip.. Some images fom the team field sarvey trip.

Some images fom the team feld sarvey trip..
8 . Ty
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Some images fom the team field sary

ey trip..

Some images from the team feld sarvey trip..

Group 3 (Infrastructure Indicators of the Environment vis-a-vis Tourism)

“Infrastructure” Indicators

The Infrestructare Groep {(Grouepd)
Jumes ()

“Infrastructure” Indicators ol
Environmental Conditions

* Land use
— Ramdumlial
= Commercial (&g hotels, bara, renimromts, dive shops, smnvesir daps)
— Agricaitiral
— Forsest
+ Wastlewnler
= EHstimabted wvoliume of waste waber generated
— % Dirpct 1o sza
— %% Direel Lo ground
= % To septic lanks (% open, % seabed)
= Bolid waste
= Quitity of wste geserated
— % tusiness, % howses dedng, segrogating
- Oerbage collection [requency
= Existenie and capacity of dumpaite
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“Infrastrueture” Indicator Groups of

Environmental Conditions

Laamd s
Wastewater
Solsd waste

s Elstrisity

‘Water supply
Roade/sccesa

+  Huilding typa/guality/location

Communicationg
Catchment'watershed
(iher Infrastroctore

“Infrastructure” Indicators of
Environmental Conditions

Electricity
— Power demandconsumption (uasehald, commercial)
— Mo. of daye with no power
= Mo, of busmess establishments and howses with
Eenerators
Water supply
- Water censumphion (household, commercial )
— Water supply source (.. welle, epringe)
= Dayz of water shartage
— Water guality testing
= Punficabion (% direcl tap, % filies, % bol}



“Infrastructure” Indicators of

“Infrastructure” Indicators of
Environmental Conditions

Environmental Conditions

* Roads/access = Communications

3 Buleg trpal'qnnln}fﬂnm‘tmn Ma. afp:q:h aware of environmental isenes and
— Yo hotels, %o houses, %4 restaurants, ele. — Invalvement/participation of losel community
— Ihstance from cach one bunlding to another, « Other Infrastructure
Distance from shore — Piar
= Building materials (e g, concrete, wooded, — Settlernent ponds
mixed) — Rip-rap
— Building heights = Weaden paths'walkway

A sephic fank under construction — one chamber onby?

P~
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Marrow passagoways!

Through indicators, what are the effects af towrism on the biclogical
and socialfphysical conditions In While Beach

Bltuatbon: Booming tourism
|l Land e |
—h ", Iereased seinenls @ groundwater and semwvater

Y = - Pruswacs of caliform
Waste waler }: T - Heach area decressing eonsiderably
I_/

| Bin-physical conditions |

E e J//

L | ool conditions
Water sapply I— — - - Higher cost of livimg

4 ‘- Pty erimes

Y
7%« Lamd valee apprecintion

f‘mml.rn'inl:inn.u.lﬂ:;_._ N - Popwlstion Increaze §o g due lo @i gralion)
e 7"« Lesa coseem on emvirmsssental protecties

" - Mare focns on reves REmeragion
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Through indicutors, what is the economic visbility of ourism in
‘White Beach In relation to environmental protection?
Situation; Booming lou rism

[ Economic: uu]]ﬂrty of towram vis-d-vis

environment
[t | Short-term Long-term
IW Pxnl::ﬂlﬂ:a“-'" Ecm:::imlly
viable

mepphri
e a1

Urless actions are takoen, tourism industry might eollapse!

How can you transform your findings into = [J58 0 munepe consial
tourism in White Beach?

lndicalirs

- Monitor 1o set Busctines |

;I/}?' . Mm!mws

A b

, / | | Combined idicator |
.-:n'.
g f

[WMT‘/ ;__. J Isﬁl!m]ﬁf\'dl

|
Indicators as guides LJ formulating
wilution all.tr:ml.lvcs

Commumnications | |
‘ 1

= ]
=1

Suluton altermatives or
sehion altermakives
|

A schematic diagram by Nadaoka for discussion on DSS

Global Climate Change

|

i
W
¥

; ~“Direct human impscis by
o over-fishing, vourism, ete,

O

T

1

Higl waier femp,

Sea fevel rize
L

—
it Coral Reef Typhoon & Sterms

Red soid T Eeosystem/f(— =

Hxcesvive nutrients ﬂ ©ceanic Impact

Pesticide
< Grasing by COTS, ete.__

el

Primary Strategies for
Ecosystem Conservation

(1) Remove or mitigate the
causes of degradation,
environmental threats

) Enhance the resilience of
coastal ecosystem
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sl Bttt st DUS Mlaliodo gy

FizldurvenTrta Colleotian
(B0 Ediioimi ERuadaiiil)
Fepation. b, Cangd waktion, Doods &
i | pmom Farming & flikay scistier, \'.un:

FraH SurvewTaats Colletion
APzl & Fadural Earoierasil

Fakafl Do borge. Wae -m, i
.ml I EHP xt '|.l.1|.||.ﬂr.|'hx

Rl Bemsing
Lexd comm mappEg, Coanad kb moppEg
_Eiﬂfﬂ?.!l-_l""‘_'i‘ﬁ

Tiats mupae, Tiacs managment
fytﬂuﬂs:u.ul.lﬂmwul

Irsgrnd Mokl

.A'\:n-m

l.P\.IIr\!H:

Actual Environmental Loads
on Coastal Ecosysiem

e
_ Threshold
4
| Assessment of Status of Ecosystem and its Trend |




B.4 Photos of the 2™ Regional Workshop
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My 35-30, 2008, FUTEE

A Regional Training
mmﬁ\nrkshop
Tr

:Il’z’jh’f" Y 'FJ'I IfJ';(d‘ |"J'_'J gL 11

=R E —rad
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Appendix C: Funding sources outside the APN

Japan Society for the Promotion of Science (JSPS)
Co-funding for workshop 1 (UP MSI, Philippines)
Co-funding for workshop 2 (Puerto Galera, Philippines)

Marine Science Institute, University of the Philippines, Diliman, Quezon City,
Philippines (in-kind)

Institute of Applied Science, University of the South Pacific, Suva, Fiji Islands
(in-kind)

Marine Studies Programme, University of the South Pacific, Suva, Fiji Islands
(in-kind)

Reef Explorer Fiji Limited, Korolevu, Fiji Islands (in-kind)

Forestry Division, Ministry of Natural Resources, Environment and Meteorology
(MNREM), Samoa (in-kind)

Water Resources Division, Ministry of Natural Resources, Environment and
Meteorology (MNREM), Samoa (in-kind)
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Appendix D: Glossary of Terms

IAS: Institute of Applied Science, University of the South Pacific
UPMSI: University of the Philippines Marine Science Institute
USP: University of the South Pacific

RSDM: Regional Sediment Discharge Model
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