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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 chlorophyll-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. 
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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. 

§ A local 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) 

o 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) 
§ 21st Pacific Science Congress (12-18 June 2007, Okinawa, Japan) 
§ 9th and 10th 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.  
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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. 

Figure 1. 
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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 km2, 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 designated 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 32nd 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, namely, 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). 
 

 
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 front i.e. 
White Beach, Sabang, and Muelle, see Figure1. 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; 

Sandbar 

Mindoro 

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

Puerto  
Galera  
Bay 

Northwest 
channel 

North channel 
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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. 
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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. 
 
n 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) 

 
n 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/l 
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) 

 
n 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). 

 
n 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) 

 
n 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.  To identify 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’, ‘Ika-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 Ika-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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Todoroki watershed is a small (about 10.82 km2) 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).  
 
 
 

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) 
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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. 
 
 
 

 
 
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. 

 

ß Votua Reef 
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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. 

 

 

 

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, NO2, NH4, 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 3.47x106 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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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, O2, O3 and, for near sea-surface at station C2. 
Salinometers were deployed at stations B2, C2, C3 and O2, 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 O2. 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.  
 

Table 1. Summary of data available from the field survey 
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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. 
 
 
 
 
 

 

B1 
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B3 

B4 
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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 
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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 21 February – 9 March 2007 (Summer) 
Initial condition Constant temperature, salinity (26Celsius) 

Horizontal grid Orthogonal curvilinear grid 74x118 
No of vertical layer Sigma coordinate with 18 layers 
Offshore Boundary 
condition 

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

Wind Temporal variation uniform wind from weather 
station.  

Meteorological data Air temperature, cloud fraction, humidity from 
weather station 

Horizontal Eddy  Smagorinsky model with zero background 
Vertical Eddy  k-epp model with zero background 
Bottom roughness Chezy 150 
Surface heat flux Murakami model 
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Figure 9. Horizontal computational grid and bottom topography of PG  

 
 

 
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 11. Water quality model conceptual diagram 
 

 
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. Niño) 
 
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. Niño 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. 
Niño 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).  
 
 
 



 29

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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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.  
 

Figure 15. Sealed-type septic tank. 
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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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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 

Figure 16. Map of study site showing stations for 
sensor deployment and water quality survey 
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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; Ika-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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(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 (O1,2) 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-µm 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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Figure 18.  Location of stations and sensors deployed 



 36

 
 

 
2.6.2 Numerical simulation 
 
(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 
 

2
10UC s　ρτ =                                           (1)   

 

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 

120 1Hz 
Velocimeters (EMC) Compact-EM (A) 

30 min 
120 min (O2 

only) 300 1Hz 

Wave gauges Compact-WH (A) 120 min 2400 2Hz 

1 - 
Tide gauges Diver (B) 10 min 

15 min (B1 only) 1 - 

Salinometers Compact-CT (A) 1 min 1 - 
Chlorophyll-a & 

Turbidity 
Compact-CLW (Ａ) 15 min 60 1Hz 

ADCP Workhorse (C) 30 min 600 1Hz 
 
 

 
 

Figure 19.  Installation of Chlorophyll-a & turbidity and salinometer with moored 
buoy 
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where τ is wind stress; ρ is the air density; Cs is drag coefficient, and U10 is the 
horizontal wind velocity at 10 m above the sea surface. 
 
Quantification of drag coefficient has been proposed by many researchers (Geernaert 
et al. 1987, Tanaka et al. 2001). In this study, drag coefficient proposed by Honda and 
Mitsuyasu was applied. 
 

3
10 10)0242.028.1( −×−= UC s   smU /810 ≤    (2) 

3
10 10)0626.0581.0( −×+= UC s   smU /810 ≥  

 
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. 

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 

 
Figure 20.  Bathymetry and computation 

domain 
 

Table 8.  Parameters for current and wave 
computation 

Current computation 

Time increment（s） 1 
Spatial resolution for  

east-west direction （m） 50 

Spatial resolution for  
north-south direction（m） 50 

The number of  1 
Critical depth for moving 

boundary conditions（cm） 2 

Drag coefficient of the sea 
bottom 

0.035 

Coriolis parameter（1/s） 6.02×10－5 

Wave computation 
The total number of 

frequency components 
10 

The number of angular 
components 35 

Spreading parameter 75 
Incident wave direction（°） 53.8 
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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 signatures, 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 
acquisition 

Season Used for land 
cover? 

Used for benthic 
cover? 

Tide level 
(m) 

S84 Landsat-5 TM 08/24/1984 Summer √ √ 0.59 
S85 Landsat-5 TM 07/10/1985 Summer √ √ 1.36 
W86 Landsat-5 TM 01/18/1986 Winter √ √ 1.25 
A87 Landsat-5 TM 09/02/1987 Autumn √ √ 1.25 
A89 Landsat-5 TM 10/25/1989 Autumn √ √ 0.87 
S90 Landsat-5 TM 07/24/1990 Summer X X 0.51 
S91 Landsat-5 TM 07/11/1991 Summer X X 0.11 
S92 Landsat-5 TM 07/13/1992 Summer X √ 0.39 
S93 Landsat-5 TM 08/17/1993 Summer √ √ 0.20 
A94 Landsat-5 TM 09/05/1994 Autumn √ X 0.27 
S95 Landsat-5 TM 08/07/1995 Summer X √ 0.78 
S96 Landsat-5 TM 08/25/1996 Summer X √ 0.80 
W96 Landsat-5 TM 12/31/1996 Winter √ X 1.13 
S97 Landsat-5 TM 07/27/1997 Summer X √ 1.46 
S98 Landsat-5 TM 06/28/1998 Summer √ X 0.88 
S99 Landsat-5 TM 07/01/1999 Summer X √ 0.47 
S00 Landsat-5 TM 08/20/2000 Summer X √ 1.04 
W01 Landsat-7 ETM+ 01/19/2001 Winter X X 1.31 
A01 Landsat-7 ETM+ 11/19/2001 Winter √ √ 1.03 
W02 Landsat-7 ETM+ 02/23/2002 Winter √ X 1.33 
S02 Landsat-7 ETM+ 07/01/2002 Summer X √ 1.20 
W03 Landsat-7 ETM+ 02/26/2003 Winter √ 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. 
 

 

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. 

 

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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Figure 23. Location of stations during the Votua Reef survey (March 2008) 

 

 

Figure 24. Location of stations during the Votua Reef survey (March 2008) 



 42

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) method1, 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 [o], 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:                                          (1) 
  Elevation, E:                             (2) 
  Slope, S:                 (3) 
  Rainfall, R:                (4) 
  %Vegetation Cover (per km2), V:             (5) 
  Soil Moisture Content, M:             (6)
  
 

2
1 1Qs Aαα=

4
2 3Qs Eαα=  

6
3 5Qs Sαα=

8
4 7Qs Rαα=

10
5 9Qs V αα=

12
6 11Qs M αα=
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For Qs= Qs1 = Qs2 = Qs3 = Qs4 = Qs5 = Qs6 , the empirical relationships can be 
extended to the form: 

   
                                                                                                                                                   

                                                                                      (7) 
 
 
 
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 ×103] where D=Have × 0.1535 × 10-6 

Hay (1998)   Qs = (Have – Bs) × kms 

Hovius (1998)   Qs = A × Y where  

    lnY=-0.416lnA+4.26×10-4Hmax+0.15T+0.09Trange+0.0015R+3.585 

Milliman&Syvitski (1992) Qs=A×Y where Y= c×Af 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
6 8 102 4 12

1
6

1 1 3 5 7 9 11Qs A E S R M V
βα α αα α αβ α α α α α α=
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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:   Hydro1K (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 
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River            Observed      Source      Area Vege   Rainfall soil moisture Slope Veg/A  Elevation 

  (Mt/yr)     (km2) (%) (m)   (%) (%/km2) (km) 

Fly  237.9 Haris (1993)   58053 76 7 0.73  6 0.0013  3.82 

Markham 51.9 Nedco (1980)   13163 65 4 0.50  4 0.0049  2.1 

Mamberamo 304 Milliman (1995)   71195 61 8 0.70  4 0.0009  3.08 

Digul  16 Milliman (1995)   023000 77 4 0.24  2 0.0033  1.75 

Palau-palau 151 Milliman (1995)   25000 70 4 0.47  6 0.0028  2.9 

Cijolang  7.2 Walling, (1982)      380 13 2 0.38  3 0.0342  1.265 

Cikeruh  28 Walling (1982)   250 14 1 0.60  4 0.0560  2.326 

Cilutung  7.2 Walling (1982)   600 22 2 0.32  1 0.0367  1.5 

Cimanuk 25 Walling (1982)   3200 16 2 0.25  2 0.0050  1.22 

Cimuntur 1.9 Walling (1982)   580 13 2 0.13  2 0.0224  1.3 

Citanduy 13.1 Walling (1982)   2500 22 2 0.25  3 0.0088  2.1 

Kali Brantas 8.1 Hoekstra (1985)   8500 23 2 0.33  3 0.0027  2.3 

Porong  20.9 Hoekstra (1985)   12000 20 2 0.35  4 0.0017  2.575 

Solo  19 Nippon Koae/FAO (1973)  16000 18 2 0.33  3 0.0011  3.1 

Komering 33 Pickup (1983)   4474 54 3 0.54  5 0.0121  1.2 

Purari  80 Chappell (1993)   21848 15 4 0.45  5 0.0007  3.3 

Sepik  261 Haris (1993)   101821 77 11 0.71  4 0.0008  3.2 

pampanga 10 Miner & Gulcur, (1971)  8400 5 3 0.24  2 0.0006  1.03 

agno  51 Miner & Gulcur, (1971)  7460 15 4 0.24  3 0.0020  2.1 

Mahakam 243 Milliman (1995)   98194 74 5 0.61  5 0.0008  4.095
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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. 

 
 

 
 
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 
1hr-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 1hr-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 

High tide Ebb tide 

Low tide Flood tide 
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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, O2).  
 
 
 

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

 
 

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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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. Figure17 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 Percent 
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 
Yellow substances 0.000-0.035 0.009 1.17 
Total  0.23-2.28 0.77 100 
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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, O2, 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 

Chlorophyll-a Dissolved oxygen 
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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. 

 
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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Station C1: Flow volocities & Water level difference
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Station C3: Flow volocities & Water level difference
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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, 

O2, 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 1hr-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 2nd regime may be the main contributor in 
keeping the difference in water temperature between the upper and lower layer. The 
1st 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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.  
 

 
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.  
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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. 
 

 
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. 
 

 
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. 

 
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. 
 
 

 
 

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. 

 

 
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. 

 
Figure 48. Indicators of seawater quality deterioration. 

 

 
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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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.  
 
 
 

 
Figure 50. Measured seawater quality parameters (normalized values). 
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Figure 52. Causes of seawater quality deterioration. 

 

 
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. 

 

 
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. 

 

 
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.  
 

 

Figure 58. Built-up area expansion 
(left column) and forest cover change 
(right column) 
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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 35.4 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 31.4 

Old (2001) 3.1 70.8 16.9 

unchanged 2.4 50.0 9.8 

 

 

 
 
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. 
 
 
 
 

 
 
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. 
 

Figure 60. A GIS set up for Puerto Galera. 
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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 kills. 
 
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: 0.1µmg/l, TP: 0.01µmg/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. 
 
 
 
 
 

Station TDN PO4 Si(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  

 
 
 
 
 
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. 
 

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

TDN: Total Dissolved Nitrogen (NH4, NO3, NO2) 
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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). 
 
 

Station 2 4 5 6 8 9 10 11 12

Chl-a
（μmg/l) 9.42 0.40 0.40 0.39 0.37 0.71 3.29 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. 
 

11/14 11/16 11/18 11/20 11/22 11/24 11/26 11/28 11/30 12/2

15cm/s STATION 1

11/14 11/16 11/18 11/20 11/22 11/24 11/26 11/28 11/30 12/2

STATION 11

Figure 61. The 25-h-averaged velocity vectors 
at Station 1 in the north channel and Station 11 
in the east channel 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 63. 6-day-averaged vertical levels of dissolved 
oxygen 
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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 

 

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.O2. 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. 
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Figure 65. Time variation of wind velocity, precipitation and 
atmospheric pressure. For wind velocity, north and east direction is 
positive. 

 



 81

1.0

-1.0

0

1.0

-1.0

0

Mean water level (m)

0

2
1

3
4

Significant wave height (m)

7/24 28 8/1 5 9 13 17 21
0

4
8

12

Significant wave period (s)

(day)
 

 
Figure 66.  Time series of mean water level, significant wave height and 
significant wave period observed at Stn.O2. 
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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. 

 

 

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 
research13) 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. 
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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. 
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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. 
 

baQL =                                                 (3) 

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

0001.0=a , 7045.2=b , 673.0=r  

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 69. Relationship between significant wave height and tidal 
residual current at R3, R5 and R8. 
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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.O2. 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 70.  Time variation of river discharge at Stn. B1 
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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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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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Figure 72.  Relationship between salinity and turbidity at Stn.R5 during 
typhoon period 
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Figure 73.  Difference of dissolved inorganic 
phosphorus (DIP) concentrations between the day 
before typhoon and day after typhoon 
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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. 

 

 
 
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 case1 is 
computed including wind term and the case2 is computed excluding wind term. As the 
results of case1 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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Figure 74.  Time series of chlorophyll-a and solar radiation per day. Rectangle plots 
are chlorophyll-a concentration obtained from sampling analysis. 
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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. 

 

 

 

 
 
 

 
 

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. Case1: 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. 
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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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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 I while an increasing trend was evident during second monitoring 
period II. TN (4-7 mg l-1) did not exhibit a clear trend during monitoring period I but 
showed a decreasing trend during period II. 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 II) led to a ‘dilution effect’ (Webb and 
Walling 1985) on TDN, with the lowest TDN concentration (2.2 mg l-1) 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, NO3-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, NO3-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 NO3-N concentration. Both 
NO3-N and PO4-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 NO3-N increased about 10 times only. The average NO3-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 NO3-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 River: Nutrient Concentrations  (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 NO3-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 NO3-N and PO4-P. 

 

 

(a) 

(b) 

(c) 
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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 fluxes from Todoroki River (23 August – 22 September 2006) 
Dissolved NO3-N Dissolved PO4-P Time Period 

(Calculation period) Discharged 
amount (kg) 

Average flux 
(kg hr-1) 

Discharged 
amount (kg) 

Average flux 
(kg hr-1) 

Before event A  
(over 12 days 18 hrs) 

703.9 2.472 6.3 0.021 

Event A  
(22 hrs) 

149.7 2.136 1.8 0.078 

Between event A and B 
(9 days 11 hrs) 

674.9 2.146 6.2 0.027 

Event B 
(over 1day 17 hrs) 

900.5 2.069 17.5 0.456 
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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 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 86. Empirical relationship between basin area, slope, vegetation cover, soil 
moisture, rainfall and elevation to sediment load for the 22 drainage basins in the 
South-East Asia and West Pacific Region 
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Figure 86c shows the relationship of sediment flux and average basin percentage 
vegetation cover. The relationship shows a weak positive correlation factor R2 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 R2 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 = 0.15A0.61  R2=0.60 
Elevation, E: Qs = 4.98E2.49  R2=0.54 
Slope, S:  Qs = 1.63S2.61  R2=0.63 
Rainfall, R: Qs = 2.88R2.09  R2=0.64 
%Vegetation Cover (per km2),  V:  

Qs = 1.23V-0.58  R2=0.35 
Soil Moisture Content, M:  
               Qs = 366.60M-2.49  R2=0.35 
 
Hence the new sediment model named RSDM developed by multi-regression analysis 
is shown below. 
 
                      
       
 
RSDM is compared with observed sediment load. The results show a small bias with R2 
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 

 
 

River ART Model 
Mt/yr 

RSD Model 
Mt/y 

Observed 
Sediment 
Discharge 

Mt/y 

Max 
Error 
RSDM 

Max Error 
ART Model 

Fly 237.9 108 115 0.06 1.07 

Markham 51.9 31 5 5.2 9.38 

Mamberamo 40.9 96 94 0.02 0.57 

Digu 68 97 75 0.09 0.29 

Palau-palau 110 138 270 0.59 0.49 

Cijolang 7.2 3 1.73 3.16 0.73 

Cikeruh 3.4 7 5.9 0.42 0.19 

Cilutung 14.1 23 7.2 0.96 2.19 

Cimanuk 28.7 45 25 0.15 0.80 

Cimuntur 2.4 11 1.9 0.26 4.79 

Citanduy 13.1 15 10 0.31 0.50 

Kali Brantas 12.3 21 8.1 0.52 1.59 

Porong 17.1 37 20 0.15 0.85 

Solo 13.1 16 19 0.31 0.16 

Komering 1 10 1.2 0.17 7.33 

Purari 169.9 60 105 0.43 0.62 

Sepik 25.9 115 115 0 0.78 

   Mean Max 
Error 0.75 1.90 
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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. 
 

 
 
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 Load  

Hay (1998)    1068 x 106 t/yr with an erosion base level of 200m 

Milliman et al. (1999)  2950 x 106 t/yr 
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Figure 89. Sediment load in the SEA-WP region 
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Figure 90. Future Heavy rainfall trends in the SEA-WP region 
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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. 

 

 

Figure 91. Future sediment load trend in the SEA-WP 
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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 0 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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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: 
 

GIS
Data input, Data management
Spatial analysis, Visualization

Remote SensingRemote Sensing
Land cover mapping; Coastal habitat mapping

Water quality mapping; Change detection

Field Survey/Data Collection
(Physical & Natural Environment)

Rainfall, Discharge, Water quality data
Soil N, Soil P, Spectral data, Benthic cover status

DECISION-MAKING

NPS Model
Sediments
Nutrients

REAL WORLD

Field Survey/Data Collection
(Socio-Economic Environment)

Population, Jobs, Cultural traditions, Goods & 
services, Farming & fishing activities, Others

Integrated Modelling

Hydrodynamic 
& Water Quality Model

Ecological Model
Impact on marine ecosystems

GIS
Data input, Data management
Spatial analysis, Visualization

Remote SensingRemote Sensing
Land cover mapping; Coastal habitat mapping

Water quality mapping; Change detection

Field Survey/Data Collection
(Physical & Natural Environment)

Rainfall, Discharge, Water quality data
Soil N, Soil P, Spectral data, Benthic cover status

DECISION-MAKING

NPS Model
Sediments
Nutrients

REAL WORLD

Field Survey/Data Collection
(Socio-Economic Environment)

Population, Jobs, Cultural traditions, Goods & 
services, Farming & fishing activities, Others

Integrated Modelling

Hydrodynamic 
& Water Quality Model

Ecological Model
Impact on marine ecosystems

 
 
 
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: sufenwang1976@126.com  
 

FIJI (2) 
  

Dr. Victor Bonito  
 Researcher, Institute of Applied Science (IAS) 
 University of the South Pacific, Suva, FIJI 

E-mail: staghorncoral@hotmail.com 
 
Dr. James Comley 
Research Advisor, Institute of Applied Science (IAS) 
University of the South Pacific, Suva, FIJI 
Work: +679 323 2899, Mobile: +679 946 7545, E-mail: comley_j@usp.ac.fj 

  
INDONESIA (1) 
 
 Mr. Muhammad Helmi 
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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 

 
PROGRAMME OF ACTIVITIES 

 
Date/Time Activities Responsible Person/s 

Day 1  
(Thursday, 
24 Jan) 
 
0830 – 0900 

 
 

REGISTRATION & COFFEE*  
 

* ‘flowing’ coffee, available beside the hall 
during the sessions 

 
 
Secretariat 

0900 – 0920 
 

0900 – 0910 
 
 

0910 - 0920  

OPENING CEREMONIES 
 

Opening Remarks 
 

 
Welcome Address 

 
 

 
 
Dr. M. McGlone  
Professor & Director, UPMSI 
 
Dr. Kazuo Nadaoka, 
Professor, Tokyo Institute of 
Technology & APN Project 
Leader 

0920 – 0925 
 

0925 - 0935 

Introduction of Participants 
 

Overview and Expectations of the Workshop 

Ms. Karen Uy (EMCEE) 
 
Dr. Miguel D. Fortes 
Professor, UPMSI & Local 
Workshop Coordinator 
 

0935 – 1000 PICTORIAL Secretariat 
 
 
 
1000 – 1030 

 
 
 

PRESENTATIONS 
Session 1: Keynote Address 

 
“Highlights of the APN Project & Current 
Japanese Research Initiatives and Their 

Relevance to Asia-Pacific” 
 

 
 
 
Professor Kazuo Nadaoka, 
TOKYO TECH 
 

1030 – 1210 
 

1030 – 1055 
 
 

1055 – 1115 
 
 
 

1115 – 1135 
 
 
 

1135 – 1155 

Session 2: Plenaries 
 

“The Coastal Environment of Asia-Pacific: 
Status, Issues & Management Perspectives” 

 
“Satellite Remote Sensing of Coastal 

Ecosystems Changes Related with Human 
Activities” 

 
“Integrating Science and New Technologies To 

Enhance Community-based Resource 
Management in Fiji” 

 
“Mapping Benthic Habitats on Fijian Coral 

Reefs: Evaluating Combined Field and Remote 
Sensing Approaches” 

 

 
 
Dr. Miguel D. Fortes, 
UPMSI  
 
 
Dr. Dan Ling Tang, RSMEE 
 
 
 
Dr. Victor Bonito, IAS/USP 
 
 
 
Dr. James Comley, 
IAS/USP 
 

1155 – 1315 LUNCH  
1315 – 1400 
 

1315 – 1330 
 
 
 

1330 – 1345 

Session 3: Conditions & Trends 
 
"Regional Sediment Discharge Model and the 

Future Trends of Sediment Load Due to 
Climate Change in the Asia-Pacific Region" 

 
“Temporal Changes in the Cyst densities of 

 
 
Mr. Varigini Badira et al., 
TOKYO TECH 
 
 
Dr. Fernando Siringan et 
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Pyrodinium bahamense var. compressum and 
Other Dinoflagellates in Manila Bay, 

Philippines” 
 

“Social and Environmental Assessment of 
Puerto Galera, Philippines” 

 

al., Proferssor, UPMSI 
 
 
 
Dr. Ma. Cecilia 
Rubio-Paringit, UPCE 
 

1400 – 1515 
 

1400 – 1415 
 
 
 

1415 – 1430 
 
 

1430 – 1445 
 
 

1545 – 1500 
 
 
 
 

1500 – 1515 
 

Session 4: Monitoring & Modeling 
 

"Studies of the Circulation and Bio-chemical 
Characteristics of the Coastal Lagoon at 

Puerto Galera, The Philippines" 
 

"Hydrodynamics and Water Quality 
Monitoring Around Santiago Island, Bolinao" 

 
"Collaborative Monitoring and Study of 
Laguna Lake Hydrodynamics and Water 

Quality" 
 

“Monitoring and Modeling of Sediment and 
Nutrient Discharge from Coastal Watersheds 

in Ishigaki Island (Okinawa, Japan) and 
Coral Coast (Viti Levu, Fiji Islands)” 
 

"Satellite Data Processing Techniques for 
Tropical Coastal Ecosystem Mapping and 
Monitoring; Overview of Some Selected                                     

Remote Sensing Study in Indonesia" 

 
 
Mr. Tanuspong 
Pokavanich et al., TOKYO 
TECH 
 
 
Mr. Kota Ashikawa et al., 
TOKYO TECH 
 
Mr. Eugene C. Herrera et 
al., TOKYO TECH 
 
Mr. Ariel C. Blanco et al., 
TOKYO TECH 
 
 
 
Mr. Muhammad Helmi et 
al., Diponegoro Univ. 

1515 – 1535 
COFFEE BREAK 

 

1535 – 1625 
 
 

1535 – 1550 
 
 

1550 – 1605 
 
 

1605 - 1625 

Session 5: Coastal Resources 
Management  

& MPAs 
 

“Inter-Local Government Unit Partnership for 
Coastal Resources Management of Banate 

Bay” 
 

“Best Practices in MPA Management: Case 
Study of the BSDS in Bolinao, Pangasinan” 

 
"Coral Reef MPAs in Okinawa and Asia-Pacific: 

Considerations for Designing Effective 
Co-managed MPAs" 

 
 
 
Ms. Mary Lou B. Larroza, 
BBRMCI 
 
Ms. Tutu Almonte, 
CAO-PPC 
 
Dr. Shinishiro Kakuma, 
Fisheries Division, Okinawa 
Prefectural Government 
 

1625 – 1700 OPEN FORUM Dr. Enrico Paringit, UPCE, 
Moderator 

1700 – 1730 WORKSHOP PREPARATION 
(Discussion on essential elements to 
develop the DSS e.g. themes, topics, 

approach, groupings, etc.) 

Professor Kazuo Nadaoka 
& Dr. James Comley, 
Facilitators 

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 (IAS) 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 POKAVANICH1, Kazuo NADAOKA2, Ariel C. BLANCO1 

 
1Graduate Student, Dept. of Mechanical and Environmental Informatics,TokyoTech, 

Japan 
2Professor, 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 
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1Graduate Student, Department of Mechanical and Environmental Informatics, 
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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. Blanco1, Kazuo Nadaoka1*, Takahiro Yamamoto1, Koichi Kinjo2 
Victor Bonito3, Bale Tamata4, and Batiri Thaman4 

 
1Department of Mechanical and Environmental Informatics 
Graduate School of Information Science and Engineering 

Tokyo Institute of Technology, Tokyo, Japan 
2Department of Environmental Sciences,  

Okinawa Prefectural Institute of Health and Environment, Okinawa, Japan 
3Reef Explorer (Fiji) Ltd., Korolevu, Fiji Islands 

4Institute 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 (PO4) 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 
NO3

- and PO4 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 
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(2) Remote Sensing of Marine Ecosystem to Environmental Changes 
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(3) Integrating Science and New Technologies to Enhance 
Community-based Resource Management in Fiji 
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(4) Mapping Benthic Habitats on Fijian Coral Reefs: Integrating Field and 
Remote Sensing Approaches 
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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 
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(6) Temporal Changes in the Cyst Densities of Pyrodinium bahamense var. 
compressum and Other Dinoflagellates in Manila Bay, Philippines 
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(7) Social and Environmental Assessment of Puerto Galera, Philippines 
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(8) Studies of the Circulation and Bio-chemical Characteristics of the 
Coastal Lagoon at Puerto Galera, The Philippines 
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(9) Hydrodynamics and Water Quality Monitoring Around Santiago Island, 
Bolinao 
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(10) Collaborative Monitoring and Study of Laguna Lake Hydrodynamics and 
Water Quality 
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(11) Monitoring and Modeling of Sediment and Nutrient Discharge from 
Coastal Watersheds in Ishigaki Island (Okinawa, Japan) & Coral Coast (Viti 
Levu, Fiji Islands) 
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(12) Satellite Data Processing Techniques for Tropical Coastal Ecosystem 
Mapping and Monitoring: Overview of some selected remote sensing study 
in Indonesia 
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(13) Inter-Local Government Unit Partnership for the Coastal Resources 
Management of Banate Bay 
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(14) Best Practices in MPA Management: Case study of the BSDS in Bolinao, 
Pangasinan 
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(15) Coral Reef MPAs in Okinawa and Asia-Pacific: Considerations for 
Designing Effective Co-managed MPAs 
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A.4 Group Discussion and Presentation 
 

Presentation of the Managers Group 
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Presentation of the Scientists Group 
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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. 
 
 
II. Closing Remarks (Prof. Nadaoka) 
 
 

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

 
 
 
 

 
 
 
 
 
 



 177

 
 
 
 

 
 
 
 
 

 
 
 
 



 178

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 179

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 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, FIJI 
Work: +679 323 2899 
Mobile: +679 946 7545 
Email: comley_j@usp.ac.fj 
 
 
INDONESIA (1) 
 
Mr. Ichwan Makmur Nasution 
Jl. Tirta Iii 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, 4th Fl. 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 
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(2) The Tourism Sector Coordinating Association of Puerto Galera 
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(3) Coastal Tourism in Puerto Galera Biosphere Reserve: Cutting the Hands 
that Feed? 
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(4) Designing Effective MPAs: A Tool for Sound Coastal Fisheries and 
Tourism Development 
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(5) Coastal Tourism in Fiji: How Applied Science Helps 
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(6) Modeling of Tororoki and Puerto Galera Watersheds: Land cover change 
effect on watershed hydrology 
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(7) Field Observations and Numerical Simulation for Understanding Milkfish 
Culture Impacts on the Coastal Environment of Bolinao, Philippines 
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(8) Numerical Modelling as a Decision Support tool for Conservation and 
Management: Simulation Scenarios for Laguna de Bay, Philippines 
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(9) Puerto Galera Water Modeling: Towards the Development of a Decision 
Support System for Water Resources Management 
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(10) SeagrassNet as a Decision Support System in Conserving the Coasts for 
Tourism in Puerto Galera 
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(11) Spatial Decision Support System for Coastal Ecotourism Management 
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(12) Environmental Monitoring and Management through Socio-Economic 
Profiling 
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B.3 Group Presentations 
 

Group 1 (Bio-Physical Indicators of the Environment vis-à-vis Tourism) 
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Group 2 (Social Indicators of the Environment vis-à-vis Tourism) 
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Group 3 (Infrastructure Indicators of the Environment vis-à-vis Tourism) 
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A schematic diagram by Nadaoka for discussion on DSS 
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B.4 Photos of the 2nd Regional Workshop 
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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 
 
 
 
 


