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Opening Speech 

Dear Chairman of Agency for Marine and Fisheries Research; Friends and 
Colleagues, Ladies and Gentlemen, Good morning!  

It is a great pleasure for us to host this “second APEC SAKE (Satellite 
Applications on Knowledge-based Economy)”. I would like to express our 
warm welcome to all of you, especially to the Delegation from National Taiwan 
University, National Cheng Kung University, Vietnam National University, 
University of the Philippines, Tokyo University, Nagoya University, Collect 
Localisation Satellite, ITB, and LIPI.  

SAKE project started since 2006, it is the continuation of OMISAR project. 
The objective of this workshop is to give the opportunity to draw together the 
researches and stakeholders of the Asia Pacific countries and to promote 
application of satellite remote sensing for marine conservation and ocean 
resources sustainability. This program consists of 2 workshop days and 2 days 
of technical tour to Banten area. This workshop is in cooperation of 
BRKP –DKP.   

I have been informed that SAKE project will continue until 2008 with the 
focus of activity in the Derawan Island in South Kalimantan and Pangkajene 
Islands in South Sulawesi. The objective is to develop algorithm for coral reef 
and seaweed mapping using the Formosat-2 satellite and hyperspectral images. 
These activities will be beneficial for efforts in monitoring the coastal ecosystem, 
identification of marine resources and support the local community in preserving 
the habitat.  

In this opportunity, I would like to thank to all organizer committee 
members from BPPT, to all organizations and all sponsors who have provided 
their effort to make this workshop become a success. I hope this workshop will 
help greatly increase the capability and knowledge of the scientists on very high 
resolution images and to expose the capability of hyperspectral technology to 
support natural resources management in Indonesia.   

I also hope the cooperation between BPPT and Institutions of Chinese Taipei 
does not stop here, but will continue in the next coming year.  

Finally, I wish this workshop a great success and wish you a good time in 
Jakarta. And with saying Bismillahirahmanirahim, the second APEC Satellite 
Applications on Knowledge-based Economy workshop is officially opened.   

Thank you.    
 
Prof. Ir. Said D. Jenie, Sc.D. 
Head of Agency For the Assessment and Application of Technology (BPPT) 
Republic of Indonesia 
Jakarta, 5 November 2007 
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Methodology – Dispersal simulation

)( ,, tDtuxx tyxttt Δ+Δ+=Δ+ ε

)( ,, tDtvyy tyxttt Δ+Δ+=Δ+ ε

position of passive larvae in two-dimensional space 

)( ,, SatDtuxx tyxttt +Δ+Δ+=Δ+ ε  

)( ,, SatDtvyy tyxttt +Δ+Δ+=Δ+ ε  

position of active larvae incorporating swimming and orienting ability 

Where:
x, y = coordinates of a particle 
u,v = components of velocities 
t = the integration time step 
ε = randomly generated number (–1 to 
1)
D = the eddy diffusion rate (m2s-1)

Sa = swimming ability
0m/s if age is < 50% PLD 
0.2m/s if age is  ≥ 50% PLD

 
 
 
 

Methodology – Dispersal simulation

* based on the active larval simulation framework for MARINE RESERVES AND REEF CONNECTIVITY IN THE 
BOHOL SEA by Garry Russ, Angel Alcala, Rene Abesamis, Brian Stockwell,Cesar Villanoy, Charina Repollo
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30 days30 days
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Results - Hydrodynamic 
Circulation
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Mapping of Coastal Ecosystem Condition around Thousand Island of North 
Jakarta 

 
Yudi Wahyudi, Nani Hendiart and Marina CG Frederik  

Agency for the Assessment and Application of Technology, M.H. Thamrin 8,  
Jakarta 10340, Indonesia 

 
 

ABSTRACT 

Kepulauan Seribu (Thousand Islands) is located north of Jakarta Bay. In addition to the threats of 
human activities and temperature rise, Kepulauan Seribu suffers from the sewage from city of Jakarta. The 
focus of this study is to map current condition of the land cover and bathymetry of 3 islands in the 
Kepulauan Seribu, namely the Pari, Pramuka and Harapan/Kelapa Islands. 

Base on Lyzenga algorithm that classification of landcover and underwater substrate type of study area 
was classified into 5 classes.  These classes are land and settlement, mangrove (inland area), mix substrate 1 
(rubble and sand), mix substrate 2 (sand, dead coral reef, seagrass), mix substrate 3 (sand and 
seaweed/seagrass), coral reef condition, and deep water. The largest distribution of coral reef and mangrove 
ecosystem was found in the Pari Islands. This island is suitable place for conservation of coastal ecosystem 
such as mangrove, coral reef and seagrass or seaweeds farming.  Mangrove species at Pari Islands dominated 
by Rhizophora stylosa dan Rhizophora mucronata. Other type can be found such as Avicennia alba, 
Sonneratia alba, Hibiscus tilliaceus and Bruguiera gymnorrhiza.  However, according to early study of 
Fishery and Marine Science of Bogor Agriculture University at 1999 using Landsat ETM that coverage area 
for density class of mangrove was decreasing caused by growth local population and direct use on mangrove 
wood. 

However, Pramuka and Kelapa/Harapan Islands are not suitable seaweed farming or conservation area 
caused by centre of economic and human activity in Thousand Islands.  Coastal ecosystem around thousand 
islands is still under threatening by human activity and biophysics degradation. 

The advantage of Lyzenga algorithm besides could be used to indentify sub bottom profile also to 
derive depth chart class.  Based on algorithm was resulted 5 classes of depth chart range are (1) 0 -1 m; (2) 1 
- 3 m; (3) 3 - 5 m; (4) 5 - 10 m and (1) > 10 m.  Whereas, DOP method utilization resulted 4 depth classes 
range namely (1) 0 - 3 m; (2) 3 - 15 m; (3) 15 - 25 m; and (4) > 25 m. 

 
Keyword: coastal ecosystem, coral reef, mangrove, seaweed/seagrass, depth chart, shallow water mapping, 

depth of penetration.
 
 
1. INTRODUCTION 

The high biological diversity of coastal and 
marine ecosystem such as coral reef, seagrass, 
seaweed and mangrove forest make them valuable 
resources that sustain local and national economies 
through fisheries, coastal protection, and 
tourism.  In spite of these important benefits, it has 
been estimated that 58% of coral reefs globally are 
threatened by human activities (Bryant et al., 
1998).  Lack of scientific data about the locations, 
spatial extent, and health of reefs has hindered 
responses to these threats.  There have been a 
number of international calls from non-
governmental organizations and groups of scientists 
to improve the mapping of coral reef  environments 
(Center for Marine Conservation, 1999). 

As one of the highest biological diversity of 
coral reef ecosystem in the world, Indonesia’s coral 
reefs and mangrove forest ecosystem are currently 
undergoing rapid destruction from human activities 
including at Kepulauan Seribu (Thousand Islands, 
North of Jakarta Bay). These activities are such as 
the poison fishing; blast fishing; coral mining; 
sedimentation; pollution, overfishing, land 
utilization of mangrove forest for residences and 
brackish water aquaculture. These forces vary from 
high risk, high payoff poison fishing to poverty-trap 
activities such as coral mining.  

Kepulauan Seribu (Thousand islands) is a 
group of small island part of administrative region 
of Jakarta province as a capital of Indonesia.  
Kepulauan Seribu is north of Jakarta Bay or Java 
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Sea. Recently, Kepulauan Seribu just has been new 
Municipal that separated to main city of North 
Jakarta Municipal.  (Figure 1) 

 

 
Figure 1: Situation of Thousand Island location at 

north of Jakarta Bay, Province of Jakarta 

Kepulauan Seribu has the misfortune to lie 
immediately offshore from a society scum of 20 
million people and the combined effects of land-
based pollution and sedimentation are wreaking 
havoc in the fragile reef ecosystem of Jakarta Bay.  
Between 1996 – 2003, the research result of 
collaboration among UNESCO, Indonesian Institute 
for Sciences (LIPI) and many universities 
(University of Indonesia, Bogor Agricultural 
University, and Nasional University) had reported 
that the condition of the coral reefs in Kepuluan 
Seribu was continuing to decline, to the point that 
some islands have totally disappeared (Figure 2) 
(UNESCO electronic press released, 2003) . 

 
Figure 2: The vast evolution of Ubi Besar island 

map from 1901 – 1982 (Economic and 
Business Review Indonesia, 1997). 

Part of the problem of coral reef degradation is 
the global warming and the El Nino effect have led 
to changed rainfall and runoff patterns and longer 
"dry-seasons" in Indonesia. Another part of the 
problem is ‘anthropogenic perturbations’ that affect 
the structure and health of the coral reef 
‘community’. They include archaic waste disposal 
systems and unsustainable resource management 
practices which lead to: 

• Deposition of rubbish and sedimentation on 
the reefs,  

• Physical destruction of reefs by fish 
bombing, cyanide fishing, coral mining, 
and dredging, and  

• Decreasing water quality through industrial 
pollution and nutrient enrichment.  

The worsening condition of coral reefs thus 
goes hand in hand with the unsustainable utilization 
of resources by local fishermen and specimen 
collectors and by the developers of private resorts, 
as well as the improper or inadequate disposal of 
waste by industry and local government authorities.  
The spiraling economic cost of reef degradation 
suggests that the improved management of coral 
reefs may be in Indonesia’s best economic interest 
in the long term.  

Protection of coral reefs is often presumed to 
conflict with economic development. However an 
economic study by the World Bank on the 
economic value of Indonesian Coral Reefs (1996) 
clearly indicates that the unsustainable exploitation 
and management of coral reef leads directly to 
considerable economic losses in the longer term. 
The divergence between short-term profits to 
private individuals and long-term costs to society 
can reach a ratio of 50:1 (The World Bank Report, 
in H. Cesar 1996).  

Base on the vary problem ongoing in 
Kepuluan Seribu and Jakarta Bay, this research 
would be focused on 2 topics interest that are: 

• Identification of mangrove, seaweeds and 
coral reef ecosystem condition.  

• Shallow water mapping in Pari Islands 

Kepuluan Seribu consist more than 100 islands, 
and due to the limitation of time and cost so the 
more detail study of coastal ecosystem will be 
carried out only on 2 islands as sample that 
represent problem and condition interest namely 
Pramuka as a municipal city of Thousands Islands 
and Pari islands as research island (Figure 3). 
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Figure 3: Harapan (red circle), Pramuka (blue circle) and Pari Islands (green circle) as Study area on 

Kepulauan Seribu, Province of Jakarta 
 
2. DATASETS AND METHODS 
 
2.1Identification Coastal And Marine 

Since there are 2 datasets covering the area of 
study, the first step is to do a mosaic and balance of 
the histograms of the images.  Classification for 
land cover of the three islands (Pari, Pramuka and 
Kelapa/Harapan) started with calculation principal 
component of the 4 bands and then calculates the 
classification. The classification method used was 
isodata unsupervised (before field survey) and 
supervised (after field survey).  

A 3x3 majority filter was applied twice to the 
classified images to reduce speckle appearance.  
Field survey was done on both terrestrial landcover 
(vegetation and settlement) and underwater 
substrate using snorkeling, Line Transect (LIT) and 
square meter method.  
 
2.2 Shallow Water Mapping 

Using the algorithms of Lyzenga (1978) and 
Depth of Penetration (DOP) by Jupp (1988) to 
identify the Shallow Water Mapping can identify 
both a benthic form and water bathymetry.  
Navigation map and Field survey of water depth 
was carried out around Pari Island using 
echosounder (Garmin GPSMAP 178c) to compare 
between depth classification using Lyzenga and 
Jupp method and real depth of shallow water.  

 

 

 
Figure 4: Illustration of Depth of Penetration (DOP) 

of wavelength characteristics for 
InfraRed, Red, Green and Blue channel 

in water column, Jupp (1988) and 
GPSMAP Garmin 178c. 
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Figure 5: Small Boat for survey depth and under water substrate type 

 
 

 
3. RESULT AND DISCUSSION 

3.1 Identification of Coastal Ecosystem 

Classification result is presented in the 
following figures (Figures 6).  Landcover and 
underwater substrate type of study area was 
classified into 5 classes.  These classes are land and  
settlement, mangrove (inland area), mix substrate 1 
(rubble and sand), mix substrate 2 (sand, dead coral 
reef, seagrass), mix substrate 3 (sand and 
seaweed/seagrass), coral reef condition, and deep 
water.   

According to data on Table 1 showed that 
coral reef area and mangrove is found largest in the 
Pari Island. It is a good place as conservation for 
coastal ecosystem such as mangrove, coral reef and 
seagrass or seaweeds farming.  Pari Island was 
dominated by mangrove species such as Rhizophora 

stylosa dan Rhizophora mucronata. Other type can 
be found such as Avicennia alba, Sonneratia alba, 
Hibiscus tilliaceus and Bruguiera gymnorrhiza.   

 

Table 1.  Area of class in 3 islands of study area 
(Pari, Pramuka and Kelapa) 

 Percentage of Coverage 
Class Pari Pramuka Kelapa 
Coral reef (good & poor) 12 9 15 
Sand and Seagrass 40 7 5 
Sand, coral, and seagrass 30 33 20 
Rubble and Sand 8 24 36 
Mangrove  3 1 1 
Land & settlement 7 23 23 
 100 100 100 

 

 
Figure 6: Result of landcover and underwater substrate type of three location study sample area at 

Kelapa/Harapan Islands, Pramuka Island and Pari Islands and compared to the Depth chart (Using 
Lyzenga Algorithm). 
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Harapan/kelapa and Pramuka Island are very 

dense population and centre of activity than Pari 
islands. According to the information from the local  
government, Pramuka island is the location for 
turtle conservation and one of place for Mangrove 
seedling. There are only 200 m2 classified as 
mangrove ecosystem that dominated by Rhizhopora 
stylosa. More detail about distribution and coverage 
of mangrove and seaweeds farming at Pari Islands 
as showed at table 2 and figure 7. 
 
 

Table 2.  Mangrove coverage at Pari Islands (in 
hectare) 

Mangrove Class ETM 
1999 

F2 
2006 

LC 
change +/- 

Rare 7.65 0.15 7.50 Decrease

Moderate 13.96 8.17 5.79 Decrease

Dense 8.32 6.08 2.24 Decrease

Land/Settlement 67.77 83.30 24.47 Increase

 97.7 97.7   

IPB survey in Ganjar (2007)  
 

 

 
Figure 7: Condition and Distribution of Mangrove 

Ecosystem and seaweeds farming around 
Study Location (Pramuka and Pari 

Islands) 

 

According to early study of Fisheries Faculty 
of Bogor of Agriculture University using Landsat 
ETM at 1999, there are a difference of wide area of 
mangrove ecosystem at Pari Islands between 
Landsat ETM 1999 with survey and Formosat 2 
2006 classification result.  During 5 years, 
mangrove coverage in all class using (rare, 
moderate and dense) in decreasing condition, and 
the other side the land and settlement was 
increasing.  This condition correlated to population 
growth and mangrove product direct using was 
increasing as socio-economic activity at Pari Islands. 

Generally, Pari Peoples used mangrove wood 
as boat anchor pole, firewood, and pole of seaweeds 
farming.  Existence of ecosystem mangrove very 
supported on nutrient supply and suitable habitat for 
fish and crab economical that gave beneficiary for 
socio-economic activity in this island.  For instant, 
grouper fish has economic value ranging from 
80.000 ~ 120.000 rupiah per kilo, crab has value 
ranging from 20.000 ~ 25.000 rupiah per kilo, and 
for seaweeds has value ranging from 5.000 ~ 
15.000 rupiah per kilo. 

To support mangrove conservation area at 
Penjaliran Island north of Kelapa/Harapan Islands, 
the forest local official has collaborate with local 
people to make seedling location at Pramuka and 
Pari Island (Figure 7). The institution gave a price 
about 1.500 rupiah per seed of mangrove tree. Other 
than, this island is managed by is LIPI (Indonesian 
Scientific Institute) as a research island since 
1980’s.  This island will also become the location 
for seaweed mariculture research. But considering 
the location of this island to be nearest to Jakarta, 
the water and environment may not be conducive 
for healthy coral growth. Pari Island is a good study 
area for bathymetry because of the size of shallow 
water area.  

Due to the limitation of time and seawater 
transportation support, detail coverage and 
distribution of coral reef ecosystem survey only 
carried out at Pari Islands.  The percentage of coral  
reef coverage at Pari Islands showed at the 
following table 3.  Line transect 1 and 2 was done at 
south of Pari Island (Figure 8) with 10 sample 
square plot where is in the LIT 2 that coral reef 
condition relative good that LIT 1. Refer to the 
TERANGI foundation (NGO of coral reef 
conservation activity) suggestion this location is 
quiet good for coral reef conservation area at Pari 
Islands. 
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Table 3.  Percentage of Coral coverage at Pari 
Island 

Station No Hard Coral (%) Dead Coral (%) 

1 8.92 0 
2 40.07 26.04 
3 87.68 0 
4 24.19 0 
5 71.08 9.18 

LIT 1 

6 13.32 5.77 
Average 40.88 6.83 
    

1 89.87 1.04 
2 83.51 11.07 
3 100 0 LIT 2 

4 46.74 26.30 
Average 80.03 9.6 

 

  
Figure 8: Line Transect (LIT 1 and LIT2) of coral 

reef coverage location at Pari Islands and 
sample of coral reef coverage using 

square meter transect. 
 
 

4. SHALLOW WATER MAPPING 

The Shallow Water Mapping Analysis derived 
from Formosat 2 images was carried out at Pari 
Islands. In this study algorithm of Lyzenga and 
DOP method of Jupp used to indicate depth chart in 
shallow water area mapping.  Refer to Lyzenga 
analysis (Figure 9) was resulted 5 classes of depth 
chart range are (1) 0 -1 m; (2) 1 - 3 m; (3) 3 - 5 m; 
(4) 5 - 10 m and (1) > 10 m.  And the other side, the 
depth chart of DOP method resulted 4 depth classes 
range namely (1) 0 - 3 m; (2) 3 - 15 m; (3) 15 - 25 
m; and (4) > 25 m (Figure 10).  The difference both  

Lyzenga and DOP method based on initial approach.  
Lyzenga algorithm used green and blue channel in 
his linier interpolation formula to classify not only 
underwater substrate identification but also can 
used for shallow water mapping.   

Whereas, DOP method was only focused on 
depth penetration based on the wave length 
characteristic of each channel using.  For instants, 
blue is the far penetration in underwater column, 
than green, red and infrared channel. So we can 

 describe that the composition of depth penetration 
of 4 differences channel are blue (0 – 25 m) > green 
(0 – 15 m) > red (0 – 3 m) > infrared (0 – 1 m). 

 

 

Figure 9: Result of depth chart using lyzenga 
Algorithm (1978) has resulted 5 
depth classes. 

 

 
 

Figure 10: Result of depth chart using DOP of Jupp (1988) has resulted 4 depth classes. 
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Figure 11: Bathymetry Map of Indonesia Seawater at 
Pari Islands at 1999, Bakosurtanal scale 

map 1 : 50.000. 

Table 4. Zone of DOP division based on Pixel 
Digital Number. 

 

Figure 12: 293 points sample data and depth echogram data around Pari Islands. 
 
 

 
 

Using confusion matrix to test the truth level 
between DOP zone range class and ground truth 
data from 293 points of depth sample data  

(Figure 12) indicated that the overall accuracy value 
is 99,87% (Table 5). 

 
 
Table 5. Matrix Confusion to test the truth level of depth classification based on ground truth data. 

Depth Reference Classification 
Land Zona DOP 3 Zona DOP 2 Zona DOP 1 Depth Water 

Total Row UA (%)

Land 448 0 0 1 0 449 99.777 
Zona DOP 3 0 1400 0 0 0 1400 100 
Zona DOP 2 0 0 623 2 0 625 99.680 
Zona DOP 1 1 0 2 683 3 689 99.129 
Depth Water 0 0 0 3 6618 6621 99.455 
Total Column 449 1400 625 689 6621 9784  
PA (%) 99.777 100 99.680 99.129 99.455   
Overall Accuracy (%) 99.877% 
Kappa coeff. 0.998 
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5.CONCLUSION AND SUGGESTION  

According to the study and final result about 
mapping of coastal ecosystem condition around 
thousands island at north Jakarta could be 
concluded that:  

• Utilization FORMOSAT 2 satellite image 
data in this study very useful especially to 
identify coastal ecosystem condition in 
remote and small islands likes Thousand 
Islands Municipal at the North of Jakarta.  

• Coral reef ecosystem condition at 
surrounding area of Pramuka and 
Harapan/Kelapa Islands has been 
threatening not only by local people 
activity such as coral mining and illegal 
fish but also by water quality degradation. 

• Coverage area of mangrove and coral reef 
at Pari Islands is 3% and 12% of total 
coverage area.  This condition is quiet good 
compare to mangrove and Coral reef 
ecosystem coverage at Pramuka and 
Harapan/Kelapa Islands.   

• Mangrove coverage in Pari Islands was 
decreasing in all class (rare, moderate, and 
dense) due to the local population growth 
and direct use of mangrove wood by local 
people. 

• Both Lyzenga Algorithm and DOP of Jupp 
method can use to indentify  

• depth chart in shallow water mapping is 
very worthwhile. 

For the next study to get a good reason which 
the main factor that caused coastal ecosystem 
degradation whether human socio-economic 
condition, biophysics factor or both, we suggest that 
economic valuation and socio-economic must be 
carried out.  Whereas, to get the sub bottom profile, 
we could be used hyperspectral data (imagery or 
radiometer data) and high resolution image data 
such Quick bird (0,6 m) or IKONOS  (1 m) to 
derive sub bottom substrate characteristic profile or 
spectral profile.  

 
 
REFERENCES 

Center for Marine Conservation, "Technical Issues 
Related to Coral Reef Remote Sensing and 
Workshop Recommendations," Center for 
Marine Conservation, Washington, D. C., June, 
1999.  

Bryant, D., L. Burke, J. McManus, and M. Spalding, 
Reefs at Risk: A Map-based Indicator of 

Threats to the World's Coral Reefs, World 
Resources Institute, International Center for 
Living Aquatic Resources Management, World 
Conservation Monitoring Centre, and United 
Nations Environment Programme, Washington 
D. C., 1998. 

Economic and Business Review Indonesia.. “One 
by one the real Thousand Islands (Kepulauan 
Seribu) in Jakarta Bay are disappearing!”. 
Article. No. 262, April 23, 1997 pp.38 – 39. 

Ganjar, Sebaran dan Tutupan Mangrove di Gugusan 
Pulau Pari, Kepulauan Seribu. Skripsi. Fakultas 
Perikanan dan Ilmu Kelautan.  Institut Pertanian 
Bogor. 2007. (Unpublished) 

Cesar H., 1996. The Economic Value of Indonesian 
Coral Reefs. World Bank Environmental 
Economics Series. 

Jupp, D.L.B., 1988, Background and extensions to 
depth of penetration (DOP) mapping in shallow 
coastal waters. Proceedings of the Symposium 
on Remote Sensing of the Coastal Zone, Gold 
Coast, Queensland, September 1988, IV.2.1-
IV.2.19.  

Kurniadhi, 2006. Pemetaan dengan Citra Satelit 
Resolusi Tinggi dan Perancangan Sistem 
Informasi Sebaran Terumbu Karang di 
Kepulauan Seribu (High Resolution Imagery 
Mapping and Information System Design of 
Coral Reef Distribution at Kepulauan Seribu).  
Bogor Agricultural University.  Unpublished. 

Lyzenga, D.R., 1978, Passive remote sensing 
techniques for mapping water depth and bottom 
features. Applied Optics 17: 379-383.  

UNESCO Electronic Press Released, 

2003.http://www.unesco.or.id/prog/science/jkbay/in
dex.htm  

World Resources Institute. 
http://www.wri.org/biodiv/project_description2.cfm 

 



The Second APEC Workshop of SAKE 
 

4-1 

A Remote Sensing Investigation on River Discharges and Their Influences to 
Marine Environmental Changes over Jakarta Bay 

 
N. Hendiarti, E. Aldrian,,M.Sadly, M.C.G.Frederik 

Agency for the Assessment and Application of Technology, 
M.H. Thamrin 8, Jakarta 10340, Indonesia 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 



A Remote Sensing on River Discharges and Their Influences  
 

4-2 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 



The Second APEC Workshop of SAKE 
 

4-3 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



A Remote Sensing on River Discharges and Their Influences  
 

4-4 

 
 
 
 



The Second APEC Workshop of SAKE 
 

5-1 

Application of Ocean Color Remote Sensing for Monitoring and Mapping 
Total Suspended Matter: A Case Study in East China Sea 

 
Eko Siswanto, Hydrospheric Atmospheric Research Center, Nagoya University, Japan 

Agency for the Assessment and Application of Technology, Indonesia 
Joji Ishizaka, Faculty of Fisheries, Nagasaki University, Japan 

Yu-Hwan Ahn, Korean Ocean Research and Development Institute, Korea 
Sinjae Yoo, Korean Ocean Research and Development Institute, Korea 

Sang-Woo Kim, National Fisheries Research and Development Institute, Korea 
Junwu Tang, National Satellite Ocean Application Service, China 

Akihiko Tanaka, School of Marine Science and Technology, Tokai University, Japan 
Yoko Kiyomoto, Seikai National Fisheries Research Institute, Fisheries Research Agency, Japan 

Hiroshi Kawamura, Graduated School of Science, Tohoku University, Japan 
 
 

ABSTRACT 

In situ total suspended matter concentration (TSM) and the Sea-viewing Wide Field-of-view Sensor 
(SeaWiFS)-derived normalized water leaving radiance (nlw) data were used to examine to what degree the 
current SeaWiFS ocean color data in conjunction with TSM algorithms can be used to assess TSM in the 
East China Sea (ECS). In general, current SeaWiFS ocean color data combined with local TSM algorithms 
could explain the variability of in situ TSM by < 80% with a single band algorithm at 555 nm seemed to be 
an optimal algorithm for retrieving TSM from the SeaWiFS ocean color sensor. Estimated TSM showed a 
clear seasonal variation in the ECS. A remarkable high TSM was observed over the shallow region during the 
prevailing strong wind in winter and disappeared during the calm condition in summer, suggesting that the 
seasonal variation of TSM in the ECS was modulated by the East Asian monsoon wind systems and bottom 
topographic feature. Flow pattern of the Yangtze River diluted water during the severe summer flood in 1998 
could also be traced from the summer TSM image. This study showed the potency of using SeaWiFS ocean 
color data to monitor both spatial and temporal variations of TSM in the ECS, the variability of which 
seemed to be largely influenced by monsoon system, bottom topography, and the Yangtze River discharge. 
 
 
1. BACKGROUND 

The Asia’s longest Yangtze River is the main 
source of freshwater discharge, by which nutrients 
and sediment are transported into the East China 
Sea (ECS), one of the most productive waters in 
the world’s ocean. The Yangtze River has been 
undergoing long-term ecosystem modifications due 
to anthropogenic perturbations such as the increase 
in nitrogen fertilizer application and the long-term 
dam constructions in the Yangtze River basin. 
More than 50,000 dams, including the world’s 
largest hydroelectric dam, Three Gorges Dam, 
have been built since 1950 in the Yangtze River 
basin.  

It has been reported that due to the dam 
constructions since 1950s in the Yangtze River 
basin, sediment discharged into the ECS has 
decreased more than 40% compared to that in the 
1950s – 1960s period despite an increase in the 
Yangtze River discharge (e.g., Yang et al., 2006;Xu 
et al., 2006). The transport of sediment from river  
into the marine ecosystem is of critical important 
because of its co-occurrence with nutrients, carbon 
materials, and pollutants. Suspended sediment also 

influences light availability in the water column 
that in turn will influence biological production. 
This may have a further impact on the 
biogeochemical processes in the ECS (e.g., Jiao et 
al., 2007). 

It is thus crucial to routinely monitor temporal 
variation and map spatial extent of biogeochemical 
variable than can be directly influenced by changes 
in sediment load, such as total suspended matter 
concentration (TSM). Ship-borne TSM observation 
however is not feasible especially when deals with 
the high spatial and temporal resolutions.  

Satellite remote sensing with its synoptic 
observation capability is the only reasonable tool 
for monitoring TSM variation with the high spatial 
and temporal resolutions. The long-wavelength 
bands (e.g., 555 nm and 670 nm) in the visible 
spectrum from the Sea-viewing Wide 
Field-of-view Sensor (SeaWiFS) ocean color 
sensor are commonly used as an index of TSM and 
thus to map its spatial extent, as well as its 
temporal variation (e.g., Salisbury et al., 2004; 
Thomas and Weatherbee, 2006). This is because 
water reflectance from the long-wavelength bands 
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can be obviously enhanced from the water with 
high TSM. 

With the use of bio-optical datasets shared 
under the research collaboration between Korea, 
China and Japan, and supported by UNDP/GEF 
Yellow Sea Large Marine Ecosystem (YSLME) 
Project, this preliminary study is therefore to 
investigate the relationship between TSM and the 
SeaWiFS normalized water leaving radiance bands 
555 nm and 670 nm (hereinafter referred to as nlw 
555 and nlw 670, respectively). The study merely 
aims at investigating to what degree current 
SeaWiFS ocean color data in conjunction with 
TSM algorithms can be used to monitor spatial and 
temporal variations of TSM in the ECS. 

 
 
2. MATERIALS AND METHODS 
 
2.1. In situ and satellite data 

In situ TSM data from the bio-optical data 
sharing used in this study were collected within the 
period from 1998 through 2006 covering all 
seasons. Despite more than 750 in situ TSM data 
are available from the shared bio-optical datasets, 
we only analyzed 160 pairs of in situ TSM and 
satellite data for match-up due to the cloud 
coverage. The region where the 160 in situ TSM 
data were collected encompassing both deep clear 
open ocean and shallow turbid coastal water and 
thus optically  encompassing both Case 1 and 
Case 2 waters (Fig.1). In situ TSM used in this 
study were within the range of 0.04 – 22.86 mg l-1. 

With the use of SeaWiFS Data Analysis 
System (SeaDAS) version 5, nlw 555 and nlw 670 
were derived from the SeaWiFS level 2 products. 
For the periods of 1997 – 2004 and 2005 – 2006 
we used respectively, SeaWiFS daily merged local 
area coverage (MLAC) with 1 km resolution and 
daily global area coverage (GAC) with 4 km 
resolution. 

 
2.2. Data match-up 

SeaWiFS-derived nlw 555 and nlw 670 to be 
compared with the in situ TSM are defined as the 
median values from 3 x 3 boxes the center of 
which is the in situ TSM sampling point. Rather 
than the mean value, the use of median value has 
an advantage as it is less sensitive to the outlier 
value than the mean one.  

The relations between nlw 555, nlw 670 

versus in situ TSM are then plotted. The least 
squares fittings are applied to obtain the equation 
that best fits to the emerged relationships. TSM is 
then computed to be compared with in situ TSM. 
The capabilities of previous local and SeaWiFS 
standard TSM algorithms in assessing TSM in the 
ECS are also investigated. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Bathymetric map of the ECS over which 
the sampling points (red circles) for TSM 
are overlaid. The size of the red circles 
represents the magnitude of TSM as 
indicated in the legend. Solid and dashed 
blue contours indicate 50 m and 100 m 
isobaths, respectively. The bottom depth is 
shown as negative values (see the scale 
bar). 

 
 
3. RESULTS AND DISCUSSION 
 
3.1. Relationship between SeaWiFS nlw 555, nlw 

670 and in situ total suspended matter 

With the in situ TSM within the range of 0.04 
– 22.86 mg l-1, remarkable increases of both nlw 
555 and nlw 670 could be observed with the 
increase of in situ TSM (Fig. 2). Applying a linear 
function, the variation of in situ TSM could 
significantly be explained better by nlw 670 (75%) 
than that by nlw 555 (68%). But by applying an 
exponential function, nlw 555 could assess in situ 
TSM variation better (79%) than nlw 670 (51%).  

Applying a multiple linear regression relation 
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expressing TSM as a function of both nlw 555 and 
nlw 670 (TSM = 0.48 + 0.29 nlw555 + 5.91 
nlw670, R2 = 0.76, p < 0.0001) could not improve 
the accuracy in assessing TSM. Ahn et al. (2001) 
also showed that TSM algorithm using a single 
band at long-wavelength band provided a better 
result than that using multiband. 

 

 
 
 
 
 
 
 

Fig. 2: (a), Scatter plot of nlw 555 versus in situ 
TSM. The dashed line indicates linear least 
squares fit to the data (TSM = 2.44 nlw555 
- 0.18, R2 = 0.68, p < 0.0001). The solid 
curve indicates the exponential least 
squares fits to the data (TSM = 0.41 e0.81 

nlw555, R2 = 0.79, p < 0.0001). (b), The 
same as (a), except for nlw 670. Linear 
least squares and exponential least squares 
fits to the data are respectively, TSM = 
6.62 nlw670 + 0.60 (R2 = 0.75, p < 
0.0001) and TSM = 0.57 e1.95 nlw670, R2 = 
0.51, p < 0.0001). 

 
It has been commonly reported that the water 

reflectance of long-wavelength band is 
non-linearly or exponentially correlated to TSM 
(e.g., Nechad et al., 2003; Salisbury et al., 2004). It 
is therefore in the present state, the exponential 
function and nlw 555 respectively, seemed to be 
the effective model and band to be used for 
estimating TSM in the ECS from the SeaWiFS 
sensor, at least within the observed TSM range 
(0.04 – 22.86 mg l-1). Ahn et al. (2001) also 
suggested the 555 nm band as an alternative band 
for retrieving TSM from SeaWiFS, as the optimal 
band (625 nm) he suggested is not available in the 
SeaWiFS channels. 
 
3.2. Comparison of present study, local and 

SeaWiFS standard total suspended matter 
algorithms 

In order to know the capability of current 
SeaWiFS ocean color data in conjunction with 
TSM algorithms for retrieving TSM in the ECS, 
we also analyzed several established local TSM 
algorithms which were also constructed for the 
ECS region, to be compared with the single band 

(555 nm) algorithm resulted from the present 
study. 

Among the local algorithms is the multiband 
ratio proposed by Tang et al. (2004) with the 
equation of log(TSM) = 0.58 + 23.84 (nlw555 + 
nlw670) – 0.48 (nlw490/nlw555). The other 
algorithms to be verified are Ahn et al.’s (2001) 
single band algorithms from SeaWiFS bands (555 
nm and 670 nm) with the formulations of TSM = 
3.18 (nlw555)0.95 and TSM = 6.38 (nlw670)0.69. 
Standard SeaWiFS TSM algorithm embedded in 
the SeaDAS msl12 code was also verified. 

Fig. 3: Scatter plot of estimated versus in situ TSM. 
The estimated TSM in (a), (b), (c), (d) and 
(e) were computed based on the present 
study-derived exponential function of single 
band algorithm, Tang et al.’s (2004), Ahn et 
al.’s (2001) nlw555 single band, Ahn et al.’s 
(2001) nlw670 single band and SeaWiFS 
standard algorithms, respectively. The 
variability of the in situ TSM explained by 
each algorithm is represented by R2 values. 
Dashed and solid lines are respectively, the 
unity and linear regression lines, 
respectively. 

 
In general, TSM in the ECS could be 

predicted by the current SeaWiFS ocean color data 
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in conjunction with TSM algorithms both yielded 
from the present study and previously established 
ones by less than 80% (Figs.3a - 3d). SeaWiFS 
standard TSM algorithm however did not work 
well in the ECS region (Fig. 3e). Such inaccuracy 
of standard algorithm might be due to the optical 
property differences between the ECS and the 
region from which the data were collected to 
develop standard algorithm (mostly Case 1 
waters). 
 
3.3. Seasonal variation of total suspended matter 

The ecosystem of the ECS is largely 
influenced by the East Asian monsoon system with 
the strong northeasterly wind prevails during 
winter and weak southwesterly wind prevails 
during summer. In addition, the feature of bottom 
topography may also modulate the seasonal 
variations of physical and biogeochemical variable 
in the ECS (e.g., Tseng et al., 2000). 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 4: Images of SeaWiFS-retrieved nlw 555 (left) 
and TSM estimated using present study’s algorithm 
(right) during winter (upper) and summer (lower) 
in the ECS. Black, red and white contours are 50 m, 
100 m and 200 m isobaths, respectively. The nlw 
555 and TSM images are based on the 1998 
SeaWiFS data. 

 
The East Asian monsoon wind systems and 

bottom topographic feature seemed also to 
influence the seasonal variation of TSM in the ECS. 
During winter, high nlw 555 and thus TSM were 
clearly observed in the shallow region of the ECS. 

The pattern distribution of this high TSM during 
winter seemed to follow the tongue-like shallow 
bathymetric feature indicating that the prevailing 
strong winter wind re-suspended shallow bottom 
sediment, resulting in high TSM during winter (Fig. 
4). The tongue-like high TSM pattern disappeared 
in summer associated with the less sediment 
re-suspension due to the weak southwesterly wind 
during summer. 

Summer is flood season in the Yangtze River 
valley, particularly during the summer 1998 when 
the catastrophic flood occurred. Based on the 
ship-borne observations, Wang et al. (2003) 
showed that during this catastrophic flood period 
(August 1998) the Yangtze River diluted water 
flowed to the northeast toward the Cheju Island in 
a tongue-like shape, and then it diffused 
southeastward in the area east of 125.5oE, and 
eastward continually. Such a flow of Yangtze 
River diluted water could also be traced from the 
summer TSM image (Fig. 4). 

Despite using SeaWiFS standard or dark pixel 
atmospheric correction which usually fails to 
retrieve water leaving radiance in the Case 2 
waters, this preliminary study indicated that the 
ocean color data in conjunction with TSM 
algorithms can be used to assess TSM in the ECS. 
Conducting atmospheric correction scheme for 
turbid water (e.g., Lavender et al., 2005) and 
validating TSM algorithm with more datasets are 
expected to improve TSM retrieval from SeaWiFS 
ocean color sensor, and thus allowing us to better 
understand the spatial and not only the seasonal, 
but also the interannual variations of TSM, as well 
as the future scenario of TSM variation related to 
the completion of the Three Gorges Dam in the 
middle stream of the Yangtze River in 2009. 

 
 
4. SUMMARY 

Analyzing 160 pairs of in situ TSM and 
SeaWiFS ocean color data, significant 
relationships between nlw 555, nlw 670 and in situ 
TSM emerged. In general, current SeaWiFS data 
combined with present study’s and previously 
established TSM algorithms could explain the 
variability of in situ TSM by < 80%, whereas 
SeaWiFS standard algorithm could not work well 
in the ECS. A single band algorithm at 555 nm, 
rather than at 670 nm, seemed to be the effective 
algorithm for retrieving TSM from the SeaWiFS 
ocean color sensor. 
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Applying the present study’s single band 
equation with the SeaWiFS-derived nlw 555, a 
seasonal variation of TSM was clearly observed.  
The magnitude and spatial extent of TSM variation 
seemed to be influenced by the East Asian 
monsoon wind systems, bottom topographic 
feature, and the Yangtze River discharge. 

Despite using standard atmospheric correction, 
this preliminary study showed the potency of using 
ocean color data to monitor both spatial and 
temporal variations of TSM in the ECS. Improving 
atmospheric correction and TSM algorithm are 
expected to obtain a better accuracy in retrieving 
TSM from the SeaWiFS ocean color sensor. 
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ABSTRACT 

The airborne hyper-spectrum sensor was deployed over the coastal water to monitor bio-optical 
properties and to develop algorithms to estimate chlorophyll-a concentration, diffuse attenuation coefficient, 
and colored dissolved organic matter.  The hyper-spectrum data will cover the missing information among 
bands, which are spectrum bands in the traditional satellite borne ocean color remote sensors.  The new 
concept of algorithms using hyper-spectrum information will be discussed for the apparent optical property 
(AOP) and the inherent optical property (IOP).  The test study area includes the coastal water with high 
turbidity and clear water within a range, and includes biologically damaged coastal floor. 
 
Keywords: hyperspectral imaging, ocean color, CDOM, Kd, chlorophyll  
 
 
1. INTRODUCTION 

In the history of the ocean color remote 
sensing, the coastal water is the further problem 
for the alogorthm development including 
atmospheric correction and/or bio-optical 
algorithm (Wang et al., 2007, Chami, 2007, 
O’Reilly et al., 1998).  Especially, the colored 
dissolved organic matter (CDOM) and the 
suspended particles in the case II water are 
unavoidable substances to be analyzed so as to 
obtain the chlorophyll-a concentration from 
remotely sensed data (IOCCG, 2000).  As the 
case II water, located along the coast or on the 
continental shelf, exhibits the none-zero 
upwelling radiance at the red or in the near 
infra-red bands, it is difficult to remove an 
atmospheric contribution from the upwelling 
radiance in the short visible bands like 400 and 
500 nm.  In contrast, the case I water with only 
phytoplankton exhibits the zero upwelling 
radiance in the long wavelength and the current 
atomospheric correction works very well to 
remove the atmospheric contribution in the short 
visible bands.  The accuracy of the atmospheric 
correction restricts the accuracy in the bio-optical 
algorithm combining the bands in the short visible 
bands.  

Although, there remains an uncertainity in 
the atmospheric correction in the short visible 
bands over the case II waters, the bio-optical 
algorithms were porposed to estimate 
chlorophyll-a concentration, the CDOM, and the 

diffused attenuation coefficient at 490 nm 
(Kd490), where  

Kd490 is used to represent the concentration of 
suspended particles. The chlorophyll-a 
concentration, CDOM and Kd490 are given by 
the empirical functions with the ratios among 
bands, but with the uncertainity in the coastal 
water.  Sometimes, by the exceeding 
atmospheric correction from red and infra-red 
bands to the green and blue bands, the negative 
radiances are observed in the blue and green 
bands with resulting failers in estimating 
chlorophyll-a concentration and so on.  Among 
ocean color scientists, there were many efforts to 
obtain the accurate bio-optical parameters from 
surface radiances (Siegel et al., 2002, 
Johannessen et al., 2003, Oliver et al., 2004).  
Unfortunately, the current discreate bands in the 
visible and near infra-red restrict the algorithm 
development to estimate chlorophyll-a, CDOM, 
and Kd490. 

Recently, the hyperspectral imaging system 
has been implemented to the monitoring of land 
resources.  Kerekes and Baum (2003) proposed 
the model for the hyperspectral imaging system to 
forecast remote sensing performance.  The 
hyperspectral images were applied to many field 
of land remote sensing to identify and classify 
land objects (Mahesh and Mather, 2003, 
Haboudane et al., 2004, Thenkabail et al., 2004).  
Shafri et al. (2007) studied the performance of 
classification methods for the hyperspectral 
imaging data among the maximum likelihood 
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classification, the spectral angle mapper, the nural 
network, and the decision tree classifiers.  Plaza 
(2006) discussed the possibility of the parallel 
processing for the hyperspectral imaging.  These 
land applications are intended to classify targets 
and slightly different from the application in the 
oceanography.   

In advance to the application of the 
hyperspectral sensor to the oceanography, the 
atmospheric correction was proposed with a 
spectrum-matching technique (Gao et al., 2000).  
Base on these studies, the ocean Portable 
Hyperspectral Image for Low-Light Spectroscopy 
(ocean PHILLS) was developed and demonstrated 
a good spectrum measurements as well as in-situ 
measurements (Davis et al., 2002).  The 
hyperspectral sensors are applied to the coastal 
region to monitor the benthic habitats (Dierssen et 
al., 2003, Filippi et al., 2006), and to the coral 
reef (Mishra et at., 2007).  In the oceanography, 
the coastal water is the strong interest to be 
studied, because of their sensitivity to the 
environmental change on the land and human 
activities like the dam construction in the 
upstream region of rivers.  The coastal water 
shoud be analyzed from the remote sensor with 
discreminating substances in the water. 

In this study, we discuss a possibility to 
estimate CDOM as the inherent optical properties 
as a function of the aparent optical properties 
from the hyperspectral imaging data.  We 
introduce the in-situ measurements including 
CTD profiling, water sampling, and following 
water analysis, which are conducted 
simultanously with the flight and measurements 
by the airborne hyperspectrum sensor near Japan. 
 
 
2. METHOD FOR ALGORITHM 

DEVELOPMENT 
 
2.1 CTD profiling with PAR sensor 

The conductivity, tempeature and depth 
sensors (CTD, RBR-420) with the 
photo-synthetically available radiation (PAR) 
sensor are deployed from a small boat to get the 
vertical profile of water temperature, salinity, and 
PAR.  This profiler is operated in a logger mode, 
and data are retrieved after the cruise.  The PAR 
sensor gives the downwelling irradiance 
integrated from 400 to 700 nm.  The profiles 
given by CTD will provide us the basic physical 
concept of the water column. 
   

2.2 Irradiance and radiance measurements with 
on-board spectrum meter 

The spectrum irradiance and radiance 
radiometers (TRIOS) are operated to measure the 
downwelling irradiance and the surface upwelling 
radiance with the above water measurement 
protocol (Hooker and Lazin, 2000).  The 
spectrum coverage of these radiometers are from 
350 to 900 nm.  Also, the spectrum irradiance 
radiometer is deployed into the water column to 
estimate the diffused attenuation coefficient 
(Kd(λ)) from the downwelling irradiance 
measurement at two different depths.  The 
diffused attenuation coefficient at 490 nm is 
reffered as one parameter to represent the 
concentration of suspended particles, which 
absorb and scatter the light penetration in the 
water column. 
 
2.3 Water sampling 

The surface water is sampled with a bucket 
sampling and the water near the bottom or at 10 
m is sampled with the Niskin water sampler.  
The sampled water is analyzed to know the 
chlorophyll-a concentration, the nutrients 
concentration, the CDOM, and the suspended 
particles. 

The chlorophyll-a concentration is 
determined by the fluorometric determination 
(Welschmeyer, 1994).  The sampled sea water is 
filtered by the GF/F glass fiber filter.  The GF/F 
filter is soaked with N, N-dimethylformamide for 
more than 24 hours.  The fluorescence of the 
soaking liquid is measured by the Turner AU-10 
to detemine the chlorophyll-a concentration. 

A large portion of the CDOM is considered 
as the terrestrially derived dissolved organic 
carbon that enters the ocean and some portion of 
the CDOM is from the fate of phytoplankton and 
zooplankton in the ocean.  As the CDOM is 
defined by the spectrum absorption at 300 nm, the 
CDOM exhibits a distinct absorption at the 
ultra-violet (UV) spectrum.  The UV light from 
the solar irradiation has a function to inhibits a 
photosynthesis or to destroy the phytoplankton 
cell in the water.  The UV penetration along the 
water column varies with the concentration of 
CDOM in the water.  The sampled water is 
measured by the absorption spectrophotometer 
with 10 cm optical cell from 300 to 800 nm. 

Suspended particles within the water are 
partly inorganic particles from river or ocean 
floor and organic particles from biogenic 
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activities in the ocean.  The chemical comsition 
of suspended particles vary and its optical 
properties also different in region.  In this study, 
the sea water is filtered by the membran filter 
with a pore size of 0.2 μm and its dry weight is 
computed as the concentration of suspended 
particles in the unit volume.  The concentration 
of suspended particles is compared with the 
diffused attenuation coefficient at 490 nm. 
 
2.4 Hyperspectrum sensor measurements 

The Airborne Imaging Spectrometer for 
Applications (AISA) is deployed synchronously 
with the in-situ measurement.  The visible and 
near infrared sensor called Eagle and the short 
wave infrared sensor called Hawk are 
concurrently operated to get the surface radiance 
from 400 to 2400 nm with 190 channels.   

The AISA data are processed for the 
atmospheric correction by the Fast Line-of-Sight 
Atmospheric Analysis of Spectral Hyercubes 
(FLAASH) to estimate the water leaving 
radiance. 
 
 
3 DISCUSSION 

The Sea Wide Field-of-View Sensor 
(SeaWiFS) and the Moderate Image Scanning 
Radiometer (MODIS), which have been used for 
ocean color monitoring, have the discrete 
spectrum bands, where a limited combination of 
spectrum bands are applied to estimate the 
concentrations of water substances.  In contrast, 
the hyperspectrum sensor provides a continuous 
spectrum observation in all spectrum region with 
including a possibility to estimate geophysical 
parameters in different ways from the traditional 
ocean color algorithms. 

Currently, the inherent optical properties like 
CDOM or Kd490 are estimated from the limitted 
number of apparent optical properties.  
Johannessen et al. (2003) proposed the empirical 
equation to estiamte the diffused attenuation 
coefficient at 323 nm, Kd(323), as follows; 
 
Kd(323) =0.781[Rrs(412)/Rrs(555)]-1.07    (1) 
 
where Rrs is the remote sensing reflectance that is 
given from the direct measurement of the remote 
sensor and the extrateristrial solar irradiation.  
Then, the spectral absorption coefficient of 
CDOM, aCDOM(323), is given by; 
 

aCDOM(323)=0.904Kd(323)-0.00714  (2). 
 
Simillary, Kd490 is given by the empirical 
equation (Mueller, 2000); 
 
Kd(490)=0.016+0.15645[nLw(490)/nLw(555)]1.5401 

(3) 

These estimates of inherent optical properties 
from the apparent optical porperties have a 
freedom of 2 channels only. 

In the hyperspectral remote sensing, we are 
able to increase the freedom of signal variation 
with more spectral bands.  Fig. 1 shows the 
sample plots of three targets in 2007.  One 
spectrum plot, showing a strong radiance in the 
near infra-red, is the upwelling radiance from the 
forest.  Other two spectrum plots, exhibiting a 
low radiance in all spectrum range, are 
corresponding to the upwelling radiance from two 
different water mass.  

We are currently, validating the 
hyperspectral data and in-situ data, and 
constracting a new algorithm to estimate an 
absorption coefficient for CDOM, a diffused 
attenuation coefficient of the water, and including 
chlorophyll-a concentration on the coastal waters. 

The hyperspectrum remote sensing over the 
water is quite different from the target over lands, 
where the traditional classification does not work 
and it is required to classify the analogously 
distributed substances.   
 

 
Fig. 1 Sample radiance plots from AISA 2007 
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Methods

• Study Site and Survey Design

• Mangrove Identification

• Field Data Acquisition (Measurement 
Procedure)
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Method:
Study Sites and Survey Design

• In September of 2007 reflectance spectra 
were collected in Mangrove areas, 
Southern part of Kabupaten Jembrana, 
Bali:
– Perancak
– Delod Brawah
– Tuwed

 

Introduction

• Spectral Library => finger print of objects 
=> remote sensing data analysis.

• Mangroves => important plants in coastal 
zones.

• This study is to develop spectral library of 
Mangroves species.
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Method:
Survey Design

• Survey Design:
– mangrove mapping (“roughly”)

• identify the locations,
• plan the optimum tracks
• need special day(s)

– Acquisition timing:
• effective time range: 10am – 2pm
• Number of days: depends

 
 

Method:
Mangrove Identification

• “keys” to identify mangrove species:
– Roots
– Leaves
– Flowers and Fruits 
– Tree’s shape

• Reference: Handbook of Mangroves

 
 

 
 

 
 
 
 
 

 
 

 
 

Result
• Perancak Estuary (13 species):

– Acanthus ilicifolius, Aegiceras corniculatum, Avicennia alba, 
Avicennia marina, Bruguiera gymnorrhiza, Ceriops decandra, 
Hibiscus tiliaceus, Nypa fruticans, Sonneratia alba, Excoecaria
agalocha, Xylocarpus granatum, Rhizophora stylosa, 
Rhizophora apiculata

• Delod Brawah (2 species):
– Pandanus tectorius, Scaevola tacada

• Tuwed (6 species):
– Ceriops decandra, Ceriops tagal, Spinifex littoreus, Osbornia

octodonta, Sonneratia alba, Thespesia populnea
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Observations of SST and Chlorophyll-a Concentration in Coastal Sea of 
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A Multi-Scale Detection Technique for Anomaly on Ocean Surface Using Optical 
Satellite Images 

 
Chi-Farn Chen and Li-Yu Chang 

Center for Space and Remote Sensing Research, National Central University, Chinese Taipei 
 
 

ABSTRACT 

Using satellite images for monitoring oceanic surface has become popular recently. One of the striking 
feature can be detected from satellite image is the anomalous phenomenon on oceanic surface. In general, it 
is easy to observe the diversified anomalies, caused by abrupt change of the reflectance on oceanic surface, 
on the optical satellite images. Among them, the anomaly caused by the pollution of oil spill or discharge of 
waste water is commonly observed. In this study, a multi-scale detection technique for studying anomaly on 
oceanic surface from optical satellite image is proposed. The study uses a RX algorithm at first to measure 
the degree of anomaly for each image pixel. Next, a series of Laplace of Gaussian operators at different scale 
are applied to extract the possible anomalous patches in different size. Finally, a threshold from the 
cumulative distribution of the RX algorithm’s output is used to extract final anomalous patches. Experiment 
results show that the proposed method can extract striking anomalous patches at offshore or open water areas 
in different optical satellite images. 

 
Keywords: Anomaly, Multi-Scale Detection, Satellite Images 
 
 
1. INTRODUCTION 

The radiant intensity at optical sensor is 
directly related to the reflectance of target. For 
anomalous targets on ocean surface, their 
reflectance usually varies a lot with respect the 
background. Therefore, the anomalous phenomena 
on ocean surface can be easily distinguished in 
optical sensors. In general, the causes to form 
different kinds of anomalies are diverse. The most 
common example is the anomaly causes by the 
pollution of oil spill (Brown and Fingas, 2001) or 
discharge of waste water (Keeler et al., 2005). 
Theoretically, it is not difficult to develop an 
algorithm to extract those kinds of anomalies from 
images acquired from optical sensors. In fact, the 
reflectance responses for ocean surface and its 
related phenomena generally tend to be very low. 
This effect makes anomalies on ocean surface be 
affected by noise very easily. Especially for those 
anomalies have reflectance much lower than normal 
sea water. Consequently, it is not possible to set a 
clear threshold to extract anomalies form 
background. 
 
 
2. METHODOLOGY 

In this study, a multi-scale detection technique 
for anomaly on ocean surface from optical satellite 
image is proposed. The method can be divided into 
three sections: (1) A RX algorithm (Reed and Yu, 

1990) is used at beginning to measure the degree of 
anomaly for each image pixel from multi-spectral 
satellite image. (2) For reducing the effect of noise, 
a series of Laplace of Gaussian operators (Pratt, 
1991) at different scale are applied to extract the 
possible anomalous patches in different size. (3) A 
threshold from the cumulative distribution of the 
RX algorithm’s output is used to extract final 
anomalous patches. 
 
2.1 Measuring the degree of anomaly using RX 

algorithm 

The RX algorithm shown in equation (1) 
actually is no more than a method to retrieve the 
normalized spectral distance for each pixel from 
multi-spectral image with respect to image mean. 

 
)()()( 1

* μμδ −−= − rKrr LL
T

RXD   (1) 
 

where 
K : Covariance matrix of source image. 
r: Spectral vector of each pixel. 
μ: Image mean. 
 
Originally, RX algorithm is also a method 

used to extract anomaly from remotely sensed 
images (Chang and Heinz, 2000). However, the 
most important assumption for using this algorithm 
is that the amount of anomalies should much less 
than the background. In fact, this assumption may 
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not be hold because we actually do not know how 
much less is the anomalies. In addition, a clear 
threshold has to be set in this algorithm. This is also 
not practical for the noisy nature of out data. 

 
2.2 Filtering possible anomalous patches using 

Laplace of Gaussian operation 

Generally speaking, the anomalies are the 
areas that greater than mean value in normalized 
distance image. On the other hand, the convex areas 
of normalized distance image may be potential 
areas of anomalies. For the purpose to detect 
convex areas, a second order derivative operator 
“Laplace of Gaussian” is introduced.  

In fact, Laplace of Gaussian is the Laplace of a 
Gaussian smooth operator. Equation (2) is a 2 
dimensional Gaussian smooth operator with 
standard deviation “s”. Equation (3) is the Laplace 
of Gaussian operator. Fig. 1 illustrates the pattern of 
Laplace of Gaussian operator. 
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Fig. 1: The pattern of Laplace of Gaussian operator 

 
Different scale of Laplace of Gaussian 

operator can be acquired by adjusting “s” 
parameters. The larger of “s” is used, the more 
smooth effect is achieved. Therefore, convex areas 
in different scales can be acquired by following 
procedure: 

2.2.1.1 Convolving the normalized distance image 
with different scale of Laplace of Gaussian 
operator. 
 

2.2.1.2 Taking positive part of the convolution 
output. 

  
The following step in this section is to 

integrate those convex areas in different scales. In 
this study, we simply use “OR” operation to 
combine the entire convolution outputs at each 
scale. The reason that allows us to do this is the 
convex area in larger scale can always include the 
convex area in smaller scale. Therefore, after we 
use “OR” operation to combine all scale’s 
convolution outputs, the convex areas comes from 
different scales will be merged together. 
 
2.3 Extracting anomalous patches using threshold 

The convex areas in different scales acquired 
in last section are only potential anomalies. To 
finally conclude a convex area is an anomaly, we 
need to check the mean of normalized distance for 
all pixels in this patch. The selection of threshold 
used for assessing a patch is based on the 
cumulative distribution function of normalized 
distance. In this study, the threshold is set to the 
value that corresponding to 90% of cumulative 
distribution. A patch will be concluded as an 
anomaly if the patch mean is greater than threshold. 
 
 
3 EXPERIMENTAL RESULTS 

In this study, two experiments containing 
different characteristic of anomalies are test. 

  
3.1 Case 1 

In this case, the source image is SPOT-5 
multi-spectral image. The image acquisition date 
was on 03/30/2006. The location is in south of 
Chinese Taipei. Fig. 2 shows the test image for this 
case. Notice that the anomalies in this dataset are 
darker than the background. Fig. 3 is the extracted 
anomalies using proposed scheme. 
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Fig. 2: The test image for case 1, (a) source image 

and study area for this case, (b) enlarged 
and enhanced image of study area.  

 

 
Fig. 3: The extracted anomalies overlay on source 

image 

3.2 Case 2 

In this case, the source image is also SPOT-5 
multi-spectral image. The image acquisition date 
was on 07/18/2007. The location is in north of 
Chinese Taipei. Fig 4 shows the test image for this 
case. Notice that the anomalies in this dataset are 
brighter than the background. Fig. 5 is the extracted 
anomalies using proposed scheme. 

 

 
 

  
Fig. 4: The test image for case 2, (a) source image 

and study area for this case, (b) enlarged 
and enhanced image of study area.  

 

 
Fig. 5: The extracted anomalies overlay on source 

image 

(a) 

(b) 

(a) 

(b) 
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4. CONCLUSIONS 

On ocean surface, the proposed scheme can 
successfully extract different kinds of anomalies 
using optical satellite images. Using RXD to 
retrieve normalized spectral distance enables that 
various kinds of anomalies can be extracted at the 
same time. With multi-scale Laplace of Gaussian 
operator, the noise is effectively reduced and the 
anomaly in different size can be separated to its 
corresponding scales for further processing. 

The anomalies in larger scale tend to have a 
smoother boundary because of the stronger smooth 
effect introduced by large scale Laplace of Gaussian 
operator. Such problem may be solved by setting up 
a buffer zone along the boundary and using the 
anomalies detected in a smaller scale to replace 
those in this zone. This procedure can be used 
iteratively until the smallest scale is reached. The 
only fixed threshold used in proposed scheme is the 
normalized distance value at 90% of the cumulative 
distribution. A more adaptive way for estimating 
this threshold should be carried out to relax this 
limitation in future researches. 
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Satellite applications have gained more and 
more significance in marine research as well as 
for management purposes.  

Detailed and sound habitat classification and 
habitat mapping is one of the pre-requisites for 
qualified decisions in marine resource planning 
and conservation. Satellite imagery contributes 
substantially to the mapping of coastal and 
nearshore ecosystems, but is still limited by the 
restriction in dimensions – for waters exceeding 
the coastal strip -  and the spatial resolution. In the 
past, restrictions of satellite imaging methods had 
led to some disappointments by ecologists and 
resource managers regarding its application in 
research and coastal zone management. New 
sensors had been developed in the meantime - 
however, possibly more insights in nearshore 
habitat details and  distribution can be obtained by 
a closer coupling of satellite imagery and an 
improved strategy of three-dimensional ecological 
groundtruthing.  

This paper shall contribute to the discussion 
about groundtruthing needs for coastal and neritic 
habitat mapping and management purposes by 
addressing recent examples including Indonesian 
waters. 

To put it short: Some marine ecologists and 
biological oceanographers are still not very happy 
about the results they can achieve from satellite 
imagery – despite promising cover and improved 
resolution, they may fail in providing „hard“ data 
in the long run. Ten years ago, Mumby and 
coworkers proposed the use of airborne digital 
photography (Mumby et al. 1998) for reef studies, 
and airborne 3d measurements can reveal 
terrestrial canopy structure with a spatial 
resolution of 1-10 m. But even if satellite and 
airborne sensors and resolution are appropriate, a 
reliable classification system is needed, e.g. to 
distinguish corals reefs from seagrass beds and 
defining habitat boarders for management 
purposes. The boarders as well as hot spots and 
weak spots in terms of biodiversity and ecosystem 
function are most important to detect and monitor 
environmental changes and habitat loss (Kerr & 
Ostrovsky 2003). Spatial resolution „as 

such“ seems not a problem any more, at least 
concerning the cover of terrestrial and most coastal 
ecosystems (Turner et al. 2003) as well as man-made 
(well-defined) structures (Kam et al 2006). As an 
expression of widespread needs, a minisymposium in 
the framework of The International Coral Reef 
Symposium 2008 will cover emerging techniques in 
remote sensing, also dealing with the question „What 
types of benthic information can be obtained from 
remote observation?“ From the perspective of a 
benthic ecologist and a biological oceanographer 
there might be another point of view – what can 
benthic ecology contribute to gain optimal 
information from remote sensing methods. Earth 
observation systems already provide the majority of 
spatial-temporal information on habitat extends, 
which is needed for coastal management purposes, 
and new sensor developments always try to bridge 
actual information gaps (Navalgund & Jayanthi). 
Probably some gaps can also be filled by 
approaching the problem from the benthic side, if 
you cannot see all details from above.  

Ecologists as well as managers complain that 
field and remote sensing data are often collected at 
divergent spatial scales. The issues might be solved 
by intensified exchange between remote sensing 
specialists and field scientists prior to the 
implementation of field assessment campaigns. 
Moreover, satellite imaging enables the scientists to 
identify and set preliminary limits to sensitive areas, 
which might suffer degradation or damage in the 
future, and to include this information in the design 
of ocean-based monitoring and groundtruthing 
programs before serious changes in habitat extent or 
habitat structure occur. This might help (1) to extract 
more valuable information from temporal satellite 
image series and (2) to improve existing 
classification systems by identifying the dynamics of 
marine communities at the ill-defined transition 
zones between habitats. 

Thus, transdisciplinary approaches of remote 
sensing specialists and marine ecologists might be 
seen as an integrated tool to extract information 
about marine community structure down to species 
level, as well as the functioning of marine systems, 
from satellite information. 
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ABSTRACT 

Coastal ecosystems in West Banten are valuable, providing products and services for the livelihood of 
its community, and highly threatened.  Threats facing coastal ecosystems in West Banten are rapid growth of 
coastal populations, increasing exploitation of coastal resources, alteration and loss of habitats, also high 
runoff carrying sediment and other terrestrial-based pollutants from coastal rivers.  Mapping of coastal 
ecosystems will provide significant baseline data for future monitoring and sustainable management of 
coastal ecosystems in West Banten. Using FORMOSAT-2 data obtained on August 9, 2007, we assess 
current condition of coastal ecosystems in West Banten area on August 9-11, 2007.  Using both data from 
FORMOSAT-2 satellite imagery and from field assessment, with this paper we exposed map featuring six 
class of coastal cover-area in West Banten.  This study also measured spectral reflectance from 24 objects in 
West Coast of Banten. 
 
Keywords: FORMOSAT-2, coastal, map, Banten 
 
 
1. INTRODUCTION 

Most of border area in Banten Province, 
located in 5° 7' 50" - 7° 1' 11" S and 105° 1' 11" - 
106° 7' 12" E, represent coastal environment with 
complex use of its resources (DEPKIMPRASWIL 
2003).  West Coast of Banten bordering with the 
Sunda Strait is subject to marine tourism, 
transportation, industry, fisheries, and  
conservation.  Up to this day a great variety of 
human activities happen there simultaneously.  
The main environmental impacts consist of 
alteration and loss of coastal habitats due to 
resource exploitation and development, organic 
and inorganic pollution, volcanic eruption from the 
Krakatau, and tsunami.  Scientific data on coastal 
ecosystems, land use, landforms, and shoreline and 
water quality are required periodically to ensure an 
environmentally effective coastal zone 
management practices. Maps on various coastal 
themes form basic input to the coastal zone 
management models. Conventional maps are quite 
useful; however, they do not provide up-to-date 
information. Since coastal zone is very dynamic, 
periodic mapping is vital for planning effective 
strategies. 

The interpretation of remotely sensed data is 
the best tool currently available for providing 
synoptic spatial information on various scales and 
with reasonable classification and control accuracy.  
The availability of FORMOSAT-2, which 

produced hyperspectral data with spatial resolution 
of 8 m for multispectral and 2 m for panchromatic 
images, is expected to provide spatially 
comprehensive coverage at a higher resolution for 
effective and accurate analyses of different coastal 
ecosystems exist within one area.  There are five 
spectral bands in FORMOSAT-2, i.e. P: 0,45–
0,90µm (panchromatic), B1: 0,45–0,52µm (blue), 
B2: 0,52–0,60µm (green), B3: 0,63–0,69µm (red), 
and B4: 0,76–0,90µm (near-infrared). The 
objective of this research is to test the ability of 
FORMOSAT-2 data in producing coastal 
geospatial data, particularly for mapping of coastal 
ecosystems, i.e. mangrove forests, seagrass beds, 
and coral reefs, in West Banten area. 
 
 
2. METHODS  
 
2.1 Study sites 

This study was conducted on August 5-7, 
2007, in coastal area of West Banten, with 
geographic reference of 6° 15' 40" - 6° 41' 30" S 
and 105° 35' 00" - 106° 00' 00" E.  West Banten 
coastal platform extends north-south, bordered 
with Sunda Strait and is influenced by volcanism 
activities from Mount Krakatau.  Thus, its 
shorelines and living coral communities were 
geologically incipient (Tomascik et al 1997).  
There were two small islands located near the 
coasts of West Banten, i.e. Popoleh Island and 
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Karang Gosong Island.  There were 22 study sites, 
particularly to obtain seawater samples, including 
3 sites for coral assessment and 1 site for 
mangroves and seagrass assessment (Figure 1). 

 

 
Figure 1.  Study sites 

 
2.2 In-situ sampling 

In general, in-situ sampling conducted 
comprises of coastal ecosystem assessment and 
spectroradiometric measurements of sediment 
types and species.  Assessed coastal ecosystems 
were mangroves, seagrass beds, and coral reefs, 
which techniques were based on English et al 
(1997). Reflectance measurements were made to 
create a spectral library of 24 reflectance spectra 
encompassing mangroves, other coastal vegetation, 
fishponds, several types of coastal-substrates and 
different colors of seawater. 
 
2.3 Satellite image analysis 

Morphologies of the beaches, lagoons, 
mangrove forests, seagrass beds, and coral reefs 
were classified on the basis of the spectral 
signatures of their various habitats using images 
produced from FORMOSAT-2 satellite image 
obtained on August 9, 2007.  Geometric correction 
was trained with existing ground-truth data and 
reference map from BAKOSURTANAL were 
performed using ER Mapper and Arc View (Green 
et al. 2000). 
 
 
3. RESULTS AND DISCUSSION 

3.1FORMOSAT imagery 

The main remote sensing mission for 
FORMOSAT-2, which was launched in 2004, was 
to capture satellite images of the Taiwan Island 
and the surrounding islands and ocean to monitor 
the environment and its resources. Later on, under 
international collaborative agreement, 
FORMOSAT-2 was also used to capture images of 
other regions in the Asia Pacific.  Within the frame 
of APEC SAKE on Satellite Application on 
Fishery and Coastal Ecosystem (SAFE), 
FORMOSAT-2 acquires capture satellite images 
of Indonesian coastal and archipelagic waters 
(Figure 2). 
 

 
Figure 2. Satellite images of West Banten 

producedby FORMOSAT-2, 
 = acquisition date July 7, 2006 and  
 = acquisition date August 9, 2007. 

 
On July 7, 2006, FORMOSAT-2 captured the 

first satellite image of West Banten.  Due to 
stripping error, the images were incapable for 
further processing.  One year later, FORMOSAT-2 
acquires another image of West Banten on August 
9, 2007.  Panchromatic FORMOSAT-2 images of 
West Banten are presented in Figure 3, while 
multispectral FORMOSAT-2 images of West 
Banten are presented in Figure 4. 
 

(a)  
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(b)  

Figure 3. Panchromatic FORMOSAT-2 image of 
West Banten, (a) prior to geometric 
correction and (b) after geometric 
correction. 

 
 
(a)  

 
(b)  

Figure 4. Multispectral FORMOSAT-2 image of 
West Banten, (a) prior to geometric 
correction and (b) after geometric 
correction. 

3.2 Coastal ecosystems of West Banten 

Coral communities in West Banten are 
influenced by volcanism and extreme 
sedimentation due to lots of river discharges, thus 
resulting in patchy distribution and no significant 
carbonate accretion to form fringing reefs as if 
before 1883 Krakatau eruption (Tomascik 1997).  
From three observed sites, i.e. Popoleh Island, 
Karang Gundul, and Karang Gosong, the highest 
cover of hard corals were available in Karang 
Gundul (43.0%).  Benthic communities in Popoleh 
Island were dominated by soft corals of 
Lobophytum, while calcareous macroalgae of 
Halimeda were common in Karang Gosong 
(Figure 5).   Common Scleractinian corals 
observed were Acropora, Pocillopora, Stylophora, 
Porites, Favia, and Montipora. 
 

 
Figure 5. Results of coral reef assessment in West 

Banten 
 

There was only one species of seagrass 
observed in the study sites, Enhalus acoroides, 
which is the largest species of seagrass.  In relation 
to general feature of study sites, existing silty to 
muddy sediments support Enhalus to form 
monospecific meadows.  Mangrove vegetation in 
study sites comprised mainly of Rhizopora and 
Bruguiera.  Other mangrove species observed in 
the surroundings were Avicennia, Sonneratia, 
Xylocarpus, Ceriops, and Exoecaria. 

High resolution (8 m) classification map was 
generated for coastal environment of West Banten, 
Indonesia, from a mosaic of FORMOSAT-2 
multispectral images to produce six classes (Figure 
6). Contrast-stretched, multi-spectral image maps 
provided a qualitative method to distinguish 
different types of seawater (deep, shallow, and 
high turbid waters), mangrove forests, bushes and 
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other coastal land-vegetation, also rice fields and 
housings. This map, in a geographic information 
system (GIS) format, can be used for fieldwork, as 
base maps for other scientific studies and for 
management of coral reef ecosystem. 
 
 

 
Figure 6. Classified map of coastal environment in 
West Banten, using multispectral FORMOSAT-2 
image with spatial resolution of 8 m. 
 
 

High resolution (8 m) classification map was 
generated for coastal environment of West Banten, 
Indonesia, from a mosaic of FORMOSAT-2 
multispectral images to produce six classes (Figure 
6). Contrast-stretched, multi-spectral image maps 
provided a qualitative method to distinguish 
different types of seawater (deep, shallow, and 
high turbid waters), mangrove forests, bushes and 
other coastal land-vegetation, also rice fields and 
housings. This map, in a geographic information 
system (GIS) format, can be used for fieldwork, as 
base maps for other scientific studies and for 
management of coral reef ecosystem. 
 
 
3.3 Spectroradiometric measurements 

In-situ spectroradiometric measurements play 
an important role in the development of remote 
sensing applications, bridging the gap between 
laboratory optical measurements and 
measurements from satellite platforms (Dekker et 
al. 1992). Therefore, this study also measure 
reflectance properties of various objects.  
Averaged reflectance spectra for the coastal 
vegetation, including two species of mangroves, 
different types of coastal substrates, fishponds, and 
different types of seawater are shown in Figure 7. 
 

 
 

 

 
(a) 

 

 
(b) 
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(e) 

Figure 7.  Observed spectral reflectance of coastal 
vegetation (a), coastal substrate (b), fishponds (c), 
and different types of seawater (d, e). 
 

There were two types of fishponds for 
reflectance measurement, i.e. concrete-based and 
sand-based.  The concrete fishponds spectra had 
the highest reflectance values (Figure 7c). The 
coastal vegetation had lower reflectance compared 
to different coastal land-substrate (Figure 7a and 
7b).  This indicated that bare sediment around the 
coasts could be easily separated from other bottom 
types on the basis of brightness alone.   

All coastal vegetation showed a reflectance 
maximum at around 750 nm, and mangrove 
reflectance spectra showed the most variation in 
shape and magnitude within species in comparison 
with the other groups (Figure 7a).  Within them 
Rhizopora had the lowest reflectance values and 
the least variation in spectral shape (Figure 7a).  
Figure 7d and 7e illustrate that turbid seawaters 
have higher reflectance in comparison to clear 
seawaters.  All turbid seawaters exhibit a 
reflectance maximum at around 500 nm. 
 
 
4. CONCLUSION 

FORMOSAT-2 is able to provide high-
quality satellite images for coastal environment 
mapping.  Results from spectroradiometric 
measurements indicate that: 

(1) for the purpose of medium (community) and 
fine (species) vegetation mapping, it is best to 
use spectral band B2 and B4 of FORMOSAT-
2. 

(2) for the purpose of coastal seawater and 
sediment mapping, it is best to use spectral 
band B1 and B2 of FORMOSAT-2 

(3) for the purpose of fish ponds mapping, it is 
best to use spectral band B2 and B3 of 
FORMOSAT-2 
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ABSTRACT 

The design of a marine conservation area or so called Kawasan Konservasi Laut (KKL) should meet the 
goals of KKL itself. The objectives for each type of marine conservation area are varies and almost exclusively 
focused on habitat protection which leads to the conservation of biological diversities and sustainable fisheries. 
Satellite application has been widely used to support marine designs. This paper describes how we incorporate 
data on the spatial distribution of key coastal habitats (such as mangrove and coral reef) and water quality with 
coastal hydrodynamic model for the design of marine conservation area. The study employs field observation, 
satellite data processing and modeling. Using a computational tool called MARXAN, we combine those 
biological and physical information as the primary drivers for the selection of sites for marine reserves. The site 
location is in Pemuteran, Buleleng, Bali. 

Keywords: Kawasan Konservasi Laut (KKL), Biological diversity, MARXAN. 
 
 

 
Figure 1. Design Map of MPA in Pemuteran (North Bali) using MARXAN 
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Biodiversity is defined, and the importance of 
and threats to marine biological diversity are 
assessed. A review of current scientific knowledge 
with respect to marine biological diversities are 
presented, along with commentary on the particular 
threats to diversity in the various types of marine 
ecosystem. This is followed by a general discussion 
of the ways in which government and the public can 
protect marine biological diversity to support 
Marine Conservation Area Planning with integrated 
to satellite application and computational tool. 

 
1. METHODS  

1.1 Time and Place 

The Surveys of Coral Reef were carried 
out in September 9th 2007 until September 10th 
2007 at the Pemuteran, Buleleng. (North of 
Bali). 

 
1.2 Equipments 

Table 1. Equipments 
Equipments Function 
Jukung boat and speed 

boat Transportation 

Rope18 meters To draw manta tow 
surveyor 

Manta board Data board 
Pencil Write data 
Masker, Snorkel, Fins Skin Dive 
SCUBA Gear Diving  
String Liners (50 meters) Line Transect 
GPS (Global Positioning 

System) 
To acquires point of 

coordinate 

Stopwatch / jam To acquires point of time 

Underwater camera Documentation  
   

1.3 . Manta Tow 

The purposes of Manta Tow method are for 
assessing broad-scale changes in reef cover due to 
cyclone damage, coral bleaching and outbreaks of 
the Crown-of-thorns starfish, Acanthaster plancii. A 
good synopsis of the method is given in English et 
al. (1997) which forms the basis of the following 
description. 

The category or percent cover refers to Rogers, 
C., Garrison, G., Grober, R., Hillis, Z-M., dan 
Franke, M.A. (1994) figure 2.  

 

 
Figure 2. Percentage of Life Form 

 
1.4 Coral Reef Survey 

The Line Intercept Transects (LIT) is 
fairly rapid to deploy in field. A fiber glass tape 
measure is laid close to the reef contour and the 
length (cover) of each reef category is recorded. 
A faster variant is the point intercept transect in 
which only the type of reef category is noted at 
equidistant points along the line (e.g. every 
20 cm). The cover of each category is 
calculated by the ratio of number of points per 
category to the total number of points. The 
main limitation with line and point intercept 
transects is that they tend to under-sample 
heterogeneous areas with low cover of reef 
categories (e.g. areas of scattered corals) 
(English et al., 1997). Transect throughout 50 
meters in depth 5 and 10 meters cross the coast 
line.   

The function of this method is   to descript 
the percent cover of life form.  

 

 
 

Figure 3. Line Intercept Transect method (English 
et al, 1997). 
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Table 2. Remarks of benthic life form 

benthic life form code Description 
ACB Acropora branching 
AEN Acropora encrusting 
ASM Acropora sub massive 
CA Coraline Algae 
CE Coral Encrusting 
CF Coral Foliosa 
CM Coral Massive 

CSM Coral Sub Massive 
DC Dead Coral 

DCA Dead Coral Alge 
Diploastrea heliopora Diploastrea heliopora 

EUP Euphyllia 
FAV Faviidae 
FNG Fungia 
GAL Galaxea 
GON Goniopora 

Millepora Millepora 
MNT Montipora 
PAC Pachyseris 
PBR Porites Branching 
PEC Pectinia 
PLA Platygyra 
POC Pocilopora 
POR Porites 
RB Rubble 

RCK Rock 
SC Soft Coral 
SD Sand 

SER Seriatopora 
SPG Sponge 

T.squamosa Tridacna squamosa 
Tunicate Tunicate 

                                                  (English et al., 1997) 
 
1.5  Reef Fish Survey 

The basic principle of plot-less Belt 
Transects is similar to the manta tow, the main 
difference being that observers are not towed 
behind a boat. This affords a useful means of 
independence allowing the use of scuba and 
permitting very shallow areas to be surveyed 
safely. Since the observer can get much closer 
to the sea bed, it is possible to record more 
detailed data on bottom features. In the species-
rich Indo-Pacific, this may include coral and 
algal life forms include Reef Fish (for examples, 
see English et al. 1997)  

 
 

 
Figure 4. Visual Census use Belt Transect 

Method (English et al.,1997) 
 
 
2 RESULT AND DISCUSSION 

2.1 Manta Tow 
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Graphic 1. Percent Cover of Life Form 

 
Based from the manta tow surveys on Pemuteran 
area, “Takad Sore” and “Penaum” were included in 
the category of “Damaged to Recovery” Life Form. 
Whereas in “Takad Gosong” the percent cover of 
life form were included in the category of 
“Damaged to Critical” Life Form. 
 

 

3. CORAL REEF  

3.1. Percent Cover 

Based from the LIT surveys on coral reef, 
indicates that in “Penaum” have a higher percentage 
of life form than “Takad Sore”. Penaum = 72.74 % 
in the deepness 3 m and 52.20 % in the deepness 10 
meters (Healthy Lifeform). Mean while in Takad 
Sore = 15.48 %; 6 m and 3.40 %; 10 m which 
included in the category of damaged/critically. 
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Table 3. Benthic Life Form distribution in two side 
(Penaum and Takad Sore) 

No Life Form Penaum Takad Sore
1 ACB + + 
2 AEN + - 
3 ASM + - 
4 CA + + 
5 CE + - 
6 CF + - 
7 CM + + 
8 CSM + + 
9 DC - + 
10 DCA + + 
11 Diploastrea heliopora - + 
12 EUP - + 
13 FAV + + 
14 FNG + + 
15 GAL + + 
16 GON - + 
17 MILLEPORA - + 
18 MNT - + 
19 PAC - + 
20 PBR + - 
21 PEC + + 
22 PLA - + 
23 POC + + 
24 POR + + 

25 RB + + 
26 RCK - + 
27 SC + + 
28 SD + + 
29 SER - + 
30 SPG + + 
31 T. squamosa - + 
32 TUNICATE - + 
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Graphic 2. The Ratio of Death Coral, Life 

Coral and others in two sites 

 
 

 
 

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

AC
B

DC
A

FA
V

FN
G

G
AL

PB
R

PE
C

PO
C

PO
R RB

SP
G

AC
B

AE
N

AS
M CA CE CF CM CS
M RB SC SD

SP
G

3 meter 10 meter

 Depth / Life Form

C
ov

er
ag

e 
pe

rc
en

ta
ge

 
Graphic 3. Percent Cover of Benthic Life Form in Penaum 
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Graphic 4. Percent Cover of Benthic Life Form in Takad Sore 

 
 
3.2 Coral Reef’s Ecology Index 
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Graphic 5. Index Ecology ratio of Coral Reef at two sites 

 
 

Based on the ecological index values, “Takad 
Sore” have a low domination level (C = 0.2674; 6m 
and 0.2686; 10m) with a small diversity level (H = 
2.4917; 6 m and 2.2024; 10 m) and the uniformity 
level medium to high (E  = 0.5673; 6 m and 0.6671; 
10 m). 

Such as well in “Penaum” have a low 
domination level (C = 0.4039; 3 m and 0.2579; 10 
m) with a small diversity level (H = 1.8825; 3 m 
and 2.3915;10 m) and the uniformity level medium 
to high (E = 0.5442; 3 m and 0.6671; 10 meter). 
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4. REEF FISH  

4.1. Reef Fish Abundant r 

Based from visual census on the belt transect 
method, there were a total of 446 individuals from 
15 families of reef fish. In “Takad Sore” = 256 
individuals from 15 families of reef fish. 

The reef fish families encountered during 
the surveys such as Acanthuridae (Surgeonfishes) 
and Chaetodontidae (Butterflyfishes), where as the 
most encountered reef fish families were 
Caesionidae (Fusiliers) and Pomacentridae 
(Damselfishes).  
 
 
 
 
 
 
 

Table 4. Reef Fish Family Presence. 

  Family Presence 
No. Reef Fish Family Takad Sore Penaum 

  6 m 10 m 3 m 10 m
1 Acanthuridae + + + + 
2 Aulostomidae + - - - 
3 Balistidae + - - - 
4 Blenniidae + - - - 
5 Caesionidae - + + + 
6 Chaetodontidae + + + + 
7 Holocentridae + - - - 
8 Labridae + - - - 
9 Muraenidae - - + - 
10 Pomacanthidae + + - + 
11 Pomacentridae + - + - 
12 Scaridae + + - + 
13 Serranidae - + + - 
14 Siganidae + - - - 
15 Zanclidae + - + + 
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Graphic 6. Reef Fish Abundant 
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Graphic 7. Reef Fish Abundant and Total Individual per Family 

 
 

 
4.2. Coral Reef Fish’s Ecology Index 
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Graphic 7. Index Ecology ratio of Coral Reef Fish at two sites 

 
Based on the ecological indexes calculation 

result, “Takad Sore” have low domination index 
values (C = 0.1768 at the depth of 6 meter and C = 
0.4266 at 10 meter depth), average values of 
diversity index (H = 2.0561 at the depth of 6 meter 
and H = 1.2091 at 10 meter depth) and average to 

high evenness index values (E = 0.8274 at the 
depth of 6 meter and E = 0.6748 at 10 meter depth). 

The similar results were also occurred at 
“Penaum” where it have low domination index 
values (C = 0.3951 at the depth of 3 meter and C = 
0.4471 at 10 meter depth), average values of 
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diversity index (H = 1.1359 at the depth of 3 meter 
and H = 1.2060 at 10 meter depth) and average to 

high evenness index values (E = 0.5837 at the 
depth of 3 meter and E = 0.6731 at 10 meter depth).

 
 

 
5. APPLIED TO MARXAN 
 

 
Figure 5. Flowchart of Running Marxan 
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Figure 6. Local Marine Protected Area Using 

Marxan Software at Pemuteran – 
Buleleng, Bali. 

6. SURVEY DOCUMENTATIONS 
 
(Photo by : Elvan Ampou and Candhika Yusuf) 

Manta Tow survey 
 

Diversities of soft coral founded at Takad Sore  
 

Coral of Genus Platygyra at Takad Sore 
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Line Intercept Transect (LIT) survey 
 

Diversities of coral reef fishes at Takad Sore 
 
 

 
Tridacna squamosa at Takad Sore 
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SATELLITE MONITORING OF FISHING 
VESSELS AS A TOOL TO LOCALIZE AND 

ESTIMATE THE FISHING ACTIVITY
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THE CATCH ESTIMATION PROBLEM

Accurate estimation (and positioning) of fish catches is
REQUESTED for fish stock management

Presently, many catch records are missing or erroneous
(purposedly or not !)

Our goal : 
Automatically estimate and localize catches based
on VMS data

 
 

 
 

 
 

_

THE FIRST SUCCESS: PERUVIAN VMS (1)

Pioneering work of S. Bertrand et al. (2006) using data 
from the Peruvian VMS (ARGOS)

809 cerqueros (anchovy purse seiners) tracked

> 648 000 positions analysed (2000-2002)

497 « fishing actions » fully documented by official 
observers on board
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Introduction

• The typhoon or hurricane may generate 
huge waves within its domain. However, 
swells usually propagate faster than the 
typhoon itself and appear outside the 
typhoon.

• As a typhoon/hurricane approaches a 
location in the ocean quickly, the 
enhanced swell may be higher than those 
in the storm.  

 
 

Introduction

• If the typhoon approaching speed is close 
to the swell energy speed, i.e. the group 
velocity, a medium scale 
typhoon/hurricane may generate an 
extraordinary high swell. 

• I named this wave height accumulation 
phenomenon as the typhoon swell Doppler 
effect. 

 
 
 
 
 
 
 

 
 

Introduction

• The typhoon can be regarded as a wave 
generator. 

• As the typhoon is stationary, the situation 
is different from that approaching a station. 

• As the typhoon approaches the observer, 
the travel time for the wave energy 
becomes shorter. This results in an 
increase in the wave energy flux. 

 
 

Introduction

• If a typhoon is stationary, the swells 
appear within duration   . If the same 
typhoon is moving, the swell appearance 
time becomes    . 

• The total amount of energy passing 
through the cross section of a unit wave 
crest length is the same for the two cases.

DT
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Introduction

• For 
• Then
• Assume that              , called the wave 

height modification factor and H is not a 
function of time t. Then

'gg CC =

dtHdtH
DD TT

∫∫ =
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Freak Wave
• Freak waves, so-called rogue waves or monster 

waves are known as a maritime myth, because 
they are nearly impossible according to 
traditional ocean wave theory. 

• The freak wave has been explained by the 
focused current and nonlinear effects. According 
to some research, an unusual, unstable wave 
type may form a single wave that ‘sucks’ energy 
from other waves.

• However, the moving wind system is another 
reason. 

 
 

Freak Wave
• On January 1st 1995 an extreme single wave of 

26 meters was measured under the Draupner
oil-platform in the North Sea.

• On December 12, 1978 the cargo ship 
Muenchen, a state-of-the art cargo ship, 
disappeared in the mid-Atlantic. 

• In March, 2001, two reputable ships were 
crippled to the point of sinking. The Bremen and 
Caledonian Star were carrying hundreds of 
tourists across the South Atlantic. At 5am on 2 
March the Caledonian Star’s First Officer saw a 
30m wave bearing down on them. 

 
 

Case Study 1
• At about 4 a.m. on August 7, 1992, four fishing 

ships were totally destroyed by sudden huge 
waves in the vicinity of Suao Harbor(24.63°N, 
121.93°E) at the east coast of Taiwan. 

• One man died, two persons were missing and 
five fishermen were wounded. As the accident 
was close to the harbor, some wrecks were 
drifted to shore. 

• One fisherman reminded that he has never 
confronted such big waves in his 40 years’
fishing career. 

 
 
 
 

 

 
 

Case Study 1

• Two days ago, a medium scale typhoon 
Janis had been in the area around 19°N, 
136°E and moved fast toward Taiwan. 

• The data of typhoon Janis are shown in 
Table I. There was unfortunately no wave 
measurement. 

 
 

Case Study 1
• Table I  Data of typhoon Janis
• Month Day Time Latitude Longitude Central Pressure Radius of Beaufort    Note
• (local)                                       (hPa)           Scale No.7 (km)
• 8        4      20     16.5        139.6             990      150
• 5        2     17.3        138.5             990    150
• 8     18.6        137.5             980   200
• 14     19.1        136.3             970    200
• 17     19.5        135.75           962.5   250                interpolated
• 19     19.77      135.38           957.5    283                interpolated
• 20     19.9        135.2             955    300
• 21     20.05      134.98           954.2    300                interpolated
• 23     20.35      134.55           952.5    300                interpolated
• 6       2     20.8        133.9             950    300
• 8     21.7        133.2             950   350
• 14     22.7        132.2             950    350
• 20     24.1        131.2             945    350
•
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Case Study 1

• Using my “typhoon swell prediction 
scheme” and assuming Kuroshio current 
being 2.5 knot, the hindcasted wave are 
shown in Table II.

• Ts is assumed to be 1.2Tp, where Tp is 
the peak wave period.

 
 

Case Study 1
Table II Hindcasted typhoon Janis swell

No. Day Time  H1/3     TS      λ DD          TD’ Approaching    Note
(Meter   (Sec.)           (N.M.)     (Hour)   Speed (knot)

1     7    20.6    0.96   8.28    2.29  1026.8     1.15    
2             9.88  1.17  10.49  1.414  940.6   -10.7        14.36       overrun 
3             7.85  1.53  11.66  1.414  886.1    -2.03       12.4         overrun
4             5.58  2.14  12.9    1.414  827.8    -2.26       12.77       overrun
5             4.73  2.59  13.64  1.414  802.1    -0.85       12.85       overrun
6             4.46  2.8    14.0    1.414  789.6    -0.27       12.5         overrun
7             4.73  40.5  14.05  19.85  774.7     0.0025   14.9

 
 

Case Study 1

• Due to the swiftly approaching speed 
around 14 knots and the quickly 
enhancing typhoon strength increasing 
from 970 hPa to 955 hPa in 6 hours, the 
data from No. 2 through No. 6 in Table II 
are always overrun. 

 
 
 
 

 

Case Study 1
• No. 7 is the first datum which is not overrun and 

the wave height modification factor  amounts to 
19,85.

• The wave height 40.5m must be over-
estimated. But the wave height must be huge. 
Because the wave height modification factor is 
sensitive to the typhoon data. The number ought 
not be emphasized. 

 
 

Case Study 2
• At about 2 p.m., October 23, 1987, regardless of the 

invasion of Typhoon Lynn, 304 teachers and pupils of 
Hydraulic Elementary School of Pingtung County came 
to Mau-Bi-Tou coast for a tour(near southern tip of 
Taiwan,21.91°N,120.725°E). 

• As the pupils walked one by one along aisle to the coral 
reef, suddenly huge waves attacked the coast and 9 
pupils were drowned in the sea. The whole nation 
dropped in a great grief. 

• At the meantime, the typhoon scale has transferred from 
“strong” to “medium” and its center was about 500 km 
away but has moved fast previously toward Mau-Bi-Tou. 
On the next day, the headline of United Daily News 
wrote: “Typhoon Far Away, Hazard Close to Eyes”. 

 
 

 
 

Case Study 2
• Table III  Data of typhoon Lynn
• Month Day Time Latitude Longitude Central Pressure Radius of 
• Beaufort 
• (local)                                       (hPa)           Scale No.7
• (km)                   
• 10       20     20     17.9      139.3                920      300
• 21       2     17.9      138.3                915   300
• 8     18.0      137.3                910 300
• 14     18.0      135.9                925  300
• 20     18.3      134.2                925  300
• 22       2     18.6      132.8                930   300
• 8     18.3      130.9                945 350
• 14     18.0      129.2                945  400
• 20     18.0      128.0                945  400
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Case Study 2
Table IV Hindcasted typhoon Lynn swell

No. Day Time  H1/3     TS      λ DD          TD’ Approaching    Note
(Meter   (Sec.)           (N.M.)     (Hour)   Speed (knot)

1     22   17.2   3.8    16.7    1.49  1020.3      2.7        10.0  
2             20.6  4.0    16.9    1.47    963.8      2.8     10.0       
3     23      1.3  3.0    16.1    1.16    887.5      4.44     14.0 
4               3.4  5.7    16.1    2.09    789.7      1.38   17.3
5               6.7  4.1    15.8    1.47    708.3      2.76   14.3
6               9.7  4.7    15.3    1.60    613.1      2.36   19.2 
7             11.7  7.6    15.7    2.15    532.6      1.29    17.3     
8             15.3  5.3    15.7    1.40    472.8      3.07    12.0

 
 

 
 

Case Study 2
• The accident took place after 2 p.m..
• Interpolating typhoon data between14h～
20h,Oct. 22 each hour linearly, only 
longitudes are changed:
Time      longitude
15         129
16         128.8
17         128.6
18         128.4
19         128.2

 
 
 
 

 

Case Study 2

No. Day Time  H1/3     TS      λ DD   
1     23  12.3   5.03    15.7    1.41   522.5
2           12.9   5.06    15.7    1.40   512.5
3           13.5   5.1      15.7    1.40   502.5
4           14.1   5.14    15.7    1.40   492.5
5           14.7   5.18    15.7    1.39   482.7
＊ Assuming zero current speed

 
 

Case Study 2

• If the longitude at 17h is perturbed from 
128.6 to 128.7, the hindcasted swell at 
14.1h, wave height is 7.1 meter.

• This is similar to that on the news paper! 

 
 

Conclusion

• This hindcast can answer the reason of 
the accident. And It can be predicted. 

• As a typhoon is approaching quickly
or its strength increasing fast, somewhere 
hundreds nautical miles away from 
typhoon, freak wave may take place at 
sometime.

＊A little typhoon parameter perturbation 
may result to a freak wave.

 
 

Thank You 
for your Attention 
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Monitoring of Marine Resources in Indonesia’s Small Outer Islands  
(Case: Manterawu Island, North Sulawesi) 

 
Dendy Mahabror, Nicco P, Dedy Aan 

 
 
ABSTRACT 

In Indonesia archipelago, small outer islands are an important territorial base point. Monitoring for marine 
resources in these islands is important to know global warming phenomenon. Manterawu Island located in North 
Sulawesi is one of small outer island in Indonesia. This island have ± 750,66 Ha of land  and surrounding by 
mangrove ± 1356,83 Ha and coral reef ± 494,77 Ha. Topography elevation of this island is about 3 meters. The 
interesting thing from this island is it has a potential sub surface sink. This study will assess an operational 
oceanography method to be implemented to the island. The goals of the method are to monitor sea level rise and 
coral bleaching affected by global warming. Some instruments will be installed in Manterawu Island such as tide 
gauge, meteorology and oceanography measurement station. 
 
Keyword: small outer islands, global warming, manterawu islands, operational oceanography 
 
 
1. INTRODUCTION 

In Indonesia archipelago, outer islands has 
strategic value as base point from base islands of 
Indonesia on arrangement Indonesia territorial areas, 
Exclusive Economical Indonesian Zone, and 
Indonesia base continental, For exploit  and 
resources management  on outer islands, Indonesia 
issue to presidential degree in 2005 no 78 about 
small outer islands management.  

The one of outer islands is Manterawu island 
or usually community called Mantehage. It’s 
located in north Sulawesi in north Minahasa 
regency was bounded by Philippine. Manterawu 
island has big potential such as tour area, 
Conservation, and fisheries potential.   

. Marine potential in Manterawu island not 
used yet optimally because it’s geography position 
in outer Indonesia. The way of resources small outer 
islands on fisheries and marine are develop 
observation stations on marine and fisheries  

Development of marine observation station 
have two benefit such the fist as to development 
marine observation station and nature laboratory for 
research and growing marine resources especially in 
potential areas.   Second as medium to increasing 
control and safety small islands  through to 
observation station for justification NKRI area. 
 
2. PURPOSE  

Marine resources potentials monitoring for 
small outer islands Indonesia.  
 
 
3. BENEFIT  

As one of monitoring system global warming 
effect to existence small outer islands. 
 
 
4. METHODOLOGY 

Method In this activity is accumulate primer 
data with survey mangrove plotting, coral reef and 
bathymetry will be compilation with ASTER Image 
data. 
 
 
5. SURVEY RESULT 

In 2007 have been doing Marine resources 
potential monitoring in Manterawu which one of 
small outer islands in north Sulawesi.  

This island occupied by ± 2000 people which 
they are as farmer especially coconut farmer and 
rice farmer unirrigated agricultural field. Fisherman 
is the second profession in this island and they are 
use fishing gear traditional. 

This island surrounded by mangrove woods 
especially rhizophora species and Bruguera, etc. It’s 
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function for wave detention and spawning ground, 
crustacea and other biotic. 

This is result data spatial and data survey: 

Result ASTER data process indicate to 
Manterawu Island have several dominant part as 
land, mangrove and coral reef. Beside that 
Manterawu island have characteristic oceanography 
such as drop off bathymetry as far as shoreline. 
Coverage of Coral reef is large and many variety. 
Mangrove forest is biggest part in Manterawu island, 
its founded as far as shoreline.  

 
Figure 1: ASTER Citra Data Manterawu Island. 

 
 
6. LANDS 

Result ASTER data process indicate to 
Manterawu island have ± 750,66 Ha. Manterawu 
land is have 2 part, east land and west land. This 
island of consist Buhias, Tangkasi, Bango and 
Tinongko village. 

 
Figure 2: Land Of Manterawu Island. 

 
About 1/3 Main land of Manterawu island is 

critical land many of growing by shrubs. It’s having 
an area of ± 220 Ha have potential to growing so 
that  can increase economy local community. Jarak 
plant is long time to know by local community, but 
a little knowledge they have, now that plant not 
exploit anymore.  

Exploit critical area give additional value for 
community area live. In this case jarak plant for ± 
220 Ha area, its possible to produce 880 ton every 
harvest if assumed for 1 ha has plants 2500 trees 
with produced ± 2 kg per tree. Long time ago jarak 
produced torch fuel for lightning by local 
community.      

Beside potential critical areas Manterawu land 
experience to treat for sink because of topography 
elevation oscillate 3 meters susceptible to increase 
surface sea. Local community called this island is 
sink of island because this island have a different 
with another island on there. Beside that land of 
island can not see from outside because other than 
only have topography elevation about 3 meter, its 
have land surrounding by mangrove forest.     

 
Figure 3: Jarak Plant in Manterawu. 

 
 
7. MANGROVE  

Mangrove woods frequently called as bakau 
woods, bod woods or tidal woods, formed are 
devolution ecosystem between land and sea. 
Mangrove ecosystem have big gradient  
environment quality, so only kind have tolerant that 
environment condition such can survive and grow. 

Manterawu island from processing ASTER 
data indicate have an area of mangrove forest about 
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± 1356,83 Ha. Manterawu island domination by 
mangrove woods with Rhizopora type where that 
widely bigger than land coral reef. This woods 
consign 2 land in Manterau island. In around 
linecoast Manterawu island there are mangrove 
woods heavy enough so can  categorical so it can 
help to protect coast and spawning ground.  

 
Figure 4: Coverage of Mangrove in 

Manterawu. 
 

Covered mangrove woods in this island extent 
enough, even though exceed that land. Mangrove 
growing in this island there are 18 type such as 
Acanthus ilicifolius, Bruguiera cylindrica, Ceriops 
decandra, Excoecaria agallocha,  Heritiera littoralis,  
Nypa fruticans, Rhizophora apiculata, Sonneratia 
alba,  Terminalia cattapa and Xylocarpus granatum. 
 
 
8. CORAL REEFS 

Coral Reefs is organism that alive at tropic sea 
bottom and formed to be sea biotic lime produce 
especially reef type and lime produce algae 
(CaCO3) and formed of ecosystem strong enough to 
hold up to wave. Coral reef  is ecosystem marine the 
most  productive and highest biodiversity. 

 
Figure 5: Coverage of Coral in Manterawu. 

 

Result ASTER data process coral reef indicate 
to Manterawu island have an area of ± 494,77 Ha. 
Coral reef about ± 500m from shoreline and 

surrounding manterawu island. Mangrove and coral 
reef made ecosystem manterawu island will be 
guard and  environment carrying capacity adequate 
enough. It can forming of the ocean park and this 
area is a part of Bunaken marine park.      

 
Result Data survey by line transect method at 

north, south, east and west Manterawu island so can 
founded coral reef such as :   

1. North Manterawu 
Domination coral reef Non-Acropora encrusting 
type, dead coral reef (16%). It indicate that 
hydrodynamic effect is big. This fact because of 
type and form coral reef alive in area have 
influence from wave and flow.    

2. South Manterawu 
Domination coral reef Non-Acropora encrusting 
type, Non-Acropora Sub-Massive and dead 
coral reef (2%). It indicate that characteristic of 
environment in south manterawu waters 
influences by effluence intensity and big 
hydrodynamic compulsion (wave and flow) also 
at location exposure sub area.  

3. East Manterawu 
Domination Acropora Branching type, Non 
acropora sub-massive and dead coral reef 5%. 
Emergent domination acropora branching equal 
with another type decide that characteristic of 
hydrodynamic in waters wave and flow and also 
have enough effluence intensity. Differences 
domination coral reef type in east manterawu 
between acropora branching and  non acropora 
sub-massive decide that bathymetry in waters 
steep enough. And have difference location 
alive characteristic which Non Acropora Sub 
massive for shallow waters while Acropora 
Branching live in more deep waters.      

4. West Manterawu  
Dominating coral reef are Acropora Branching 
and Non acropora sub-massive while dead coral  
7%. Emergent domination acropora branching 
equal with another type decide that 
hydrodynamic characteristic in waters wave and 
flow and also have effluence intensity enough. 
Differences domination coral reef type in west 
manterawu between acropora branching and  
non acropora sub-massive decide that 
bathymetry in waters steep enough. And have 
difference location alive characteristic which 
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Non Acropora Sub massive for shallow waters 
while Acropora Branching live in more deep 
waters.      
  
 

9. OCEANOGRAPHY 
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Figure 6: Bathymetry Simulation with Surfer  

Process. 
 

 
Figure 7: Bathymetry Simulation with SMS 

Process. 

Characteristic bathymetry of Mantehage island 
there are many drop off. High extreme is more than 
500m. Manterawu island surrounding there are reef 
wall which as coast protection from wave.  

On deep sea waters, wave movement be 
happen on upper ocean. Automatically not effect to 
underside close to sea bottom (because on deep sea, 
vertical distance  from sea bottom to upper, so far). 
But depth bathymetry in this island is extreme 
enough which 5m until hundreds meters the 
distance only 100-200 m.  

With this characteristic of bathymetry therefore 
wave movement from deep sea big enough but will 
be happen diffraction effect from large coral barrier 
in around this island. Beside that ocean flow in 

depth more than 25m is danger. Point flow strong 
enough is at mantehage side west this fact motivate 
characteristic of reef growing more domination reef 
branching exact is close by reef wall. 

Under flow dashing reason forming of gua 
ceruk. At much gua ceruk there are potential fall if 
upper coral was brittle.  

 

 
Figure 8: Current in Manterawu Island. 

 
Characteristic this island are many kind, these 

island have most marine resources and low 
topography, but there are threat from global 
warming. 

Global warming is the global average air 
temperature near the Earth's surface rise 0.74 ± 
0.18 °C (1.33 ± 0.32 °F) during the last 100. This 
event could become more severe in the coming 
decades. The expected global warming from the 
greenhouse effect is likely to raise sea level a few 
feet in the next one hundred years and may increase 
the frequency of severe storms as well. 

There are loss potential will be happened if 
nothing marine potential management resources and 
monitoring in small outer Indonesia island, such as:   

a. Have been bleaching coral reef. Coral reef 
sometimes live at temperature oscillate 28o-
31oC. If water sea temperature to go above 31oC 
coral reef damage not be avoided anymore. This 
condition will be happen within less than 25 
meter. 

b. Coastal zone and small island has altitude under 
2 meters lossing chance. If assumed increasing 
water sea level 1 meter at sloping 2% during 
100 year is significant coastal zone, Including 
Indonesia small islands have sub surface sink 
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about 4.050 Ha per year. Small island have 
potential sub surface sink ± 2000 islands. 

Emergent global warming phenomenon like 
anomaly monsoon, water sea increasing and often 
breaker in this area  which never happened before. 
Marine observation station in small outer island 
have potential suffer damage to global warming 
phenomenon effect. It is give input policy to 
management small island Indonesia.     

The one of reason, why small outer island is 
need marine resources monitoring because of 
several years have been global warming 
phenomenon. It have effect especially for state 
formed by islands like Indonesia and whole small 
island in Indonesia have high land not more than 3m 
to sea surface and abundant marine resources.      

The water that makes these islands desirable, 
however, also places them at risk. The beautiful 
homes with their oceanfront views are vulnerable 
both to storms, which can cause sub surface sink 
potential and erosion on shoreline. 

Figure 7 provides a cross section of a barrier 
island washing over: the island erodes from the 
ocean side until it reaches a critical width, generally 
about 400-700 feet (Leatherman 1979), after which 
the erosive forces of storms tend more to push sand 
landward onto the bay side of the island. The net 
effect of the wash over process is similar to rolling 
up a rug; as the island rolls landward, it builds 
upward and remains above sea level. 

 
Figure 9:Natural Response Undeveloped Barrier 

Island to Sea Level Rise. 
 

Base on IPCC (Intergovernmental Panel 
Climate Change) research between 1970-2004, In 
Indonesia have been increasing temperature average 
0,2-1oC. Global temperature increase on last 100 

years, earth temperature increase about 0,7oC, next 
since 1900 sea level increase 1-3 mm/years. If 
assumed every year have been increasing se level 3-
5mm so next 100 years increasing 500mm. 

Manterawu island have topography about 
3m to mean sea water level (MSL). With that 
assume therefore in 500 possible these island 
will be sink.    

Other effects of global warming may 
exacerbate these impacts. Warmer temperatures 
could increase the frequency and severity of 
hurricanes 50 percent (Emmanuel 1988), increasing 
both erosion and the salinity of estuaries and 
aquifers would increase, threatening water supplies 
and aquatic life. 

 
Figure 10: Distribution of Coral in The World. 

 
Coral reef bleaching, the whitening of diverse 

invertebrate taxa. Of the causing stressors of coral 
reef bleaching, many are related to local 
environmental degradation and reef 
overexploitation. Of the stressors mentioned above, 
only sea water temperature and solar irradiance 
have possible global factors driving changes and 
extremes. Global warming, along with ENSO 
events, change sea water temperatures. Ozone 
depletion increases the amount of UVR reaching the 
Earth’s surface, and possibly causing coral 
bleaching events.    

Increased sea temperatures and solar 
radiation (especially UV radiation), either 
separately or in combination, have received 
consideration as plausible large-scale stressors. 
In most instances, wherever coral reef 
bleaching was reported, it occurred during the 
summer season or near the end of a protracted 
warming period.   

Coral bleaching was reported to have occurred 
during periods of low wind velocity, clear skies, 
calm seas and low turbidity, when conditions favor 
localized heating and high penetration of short wave 
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length (UV) radiation. Also less oxygen is held by 
water at higher temperatures. Potentially stressful 
high sea temperatures and UV radiation flux could 
conceivably cause coral reef bleaching on a global 
scale with suspected greenhouse warming and the 
thinning of the ozone layer.   

As reef building corals live near their upper 
thermal tolerance limits, small increases in sea 
temperature (.5 –1.5 degrees C) over several weeks 
or large increases (3-4 degrees C) over a few days 
will lead to coral dysfunction and death.  

In 1990, 1995, and 1998 is the hot years in 
20 century. Increasing earth temperatures 
according Nature Journal happened:  

1. Low: 0.8 - 1.7 °C as much as 9-13% species 
would be extinct with various level.  

2. Middle: 1.8-2.0°C,. 15-20% would be extinct. 

3. High: over 2.0 °C, 21-32% would be extinct. 

Beside that increasing sea water temperatures 
about 2-3°C coral reef will be die because coral 
bleaching impact. This happening in Australia, 
Thailand, Filipina, Indonesia, Jamaica, Bahama, etc 
in 1997/1998 El Nino effect.  

Marine and fisheries Department enounce, 
in two periods (2005-2007) Indonesia have 
been loss 24 small islands be sinking.  

Much as 24 small islands include 3 islands 
in Nanggroe Aceh Darussalam, 3 islands in 
north Sumatera, 3 islands in Papua, 5 Islands in 
Riau, 2 islands in west Sumatra, 1 island in 
south Sulawesi, and 7 in Seribu island (NAW).  

 
Figure 11: Marine Observation System. 

 

This phenomenon so BROK (Balai Riset 
dan Observasi Kelautan) will be doing marine 
observation for small islands there have 
potential will be sink and marine resources 
damage. That monitoring is remote sensing 
method and in situ measurement. There are 
monitoring concept done for several next years 
such as:   
10. CONCLUSION 

This study “Monitoring of Marine Resources 
in Indonesia’s Small Outer Islands” have conclusion 
such as : 

1. Topography elevation of this island is about 
3 meters. The interesting thing from this 
island is it have a potential sub surface sink  

2. This island have ± 750,66 Ha of land  and 
surrounding by mangrove ± 1356,83 Ha and 
coral reef ± 494,77 Ha. 

3. Characteristic bathymetry of Mantehage 
island there are many drop off. High 
extreme is more than 500m. Manterawu 
island surrounding there are reef wall which 
as coast protection from wave. 

4. Some instruments will be installed in 
Manterawu Island such as tide gauge, 
meteorology and oceanography 
measurement station. This station have most 
Important to monitoring marine resources 
and existence small outer island. 

5. Marine station observation most important 
for some forecast hydrodynamic in 
Indonesian sea such as : 

a. Weather Forecasting 

b. Reduce Loss of Life and Property from 
Disasters 

c. Protect and Monitor Our Ocean 
Resource  

d. Understand, Assess, Predict, Mitigate 
and Adapt to Climate Variability and 
Change 

e. Sustainable Agriculture and Land 
Degradation 

f. Protect and Monitor Water Resources 

g. Monitor and Manage Energy Resources 
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Energy Density

‧Kinetic < Potential < Thermal

‧1 m/s current=0.05 meter head 

‧1 gram water exits one cal. heat as 
it decreases 1 degree Celsius. This 
heat can raise itself 420 meters 
height! 

 
 

Ocean Current

‧The energy density of ocean current 
is very low. It is similar to wind 
energy. 

‧The issue is how to install and 
maintain the big sea water turbine at 
deep ocean.
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Comparison of ocean energy
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• Potential power generation (PPG)
= (available ocean energy)

*(extractable fraction)
*(power generation efficiency) 

• Profits = PPG * (Benefits/kW - cost/kW) 
benefits = selling price, enhanced 
fishing, …
cost in the sense of dollar value, 
environmental impact, …

 
 

Why it is not commercialized yet?
No guaranteed profits!

• Technological barrier 
(scale of the system is beyond any 
existing ocean engineering system)

• Uncertainty on the investment 
(no experience on system of similar 
principle, nor scale)

• Initial investment is too large
(US$9B for a commercial OTEC)

 
 

What can we do now?

• Collect and analyze data to find the best 
site for testing

• Develop prototype systems
• Integration of international efforts 
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Efforts made in Chinese Taipei

• Find potential sites
• Survey the available KE for power 

generation
• Collect available technology:

designs and field tests
• Long term plan

 
 

Power transport in a current

• Power transported by ocean current (J/s/m/m)：
• P = 0.5 ∫ρv3 dz dx
• ρ is water density, about 1024 kg/m3

• v  is current speed, m/s
• dz dx is a small cross section of current 

• Finding location of high speed current is the 
most important task
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2nd Phase: Predators (Tuna, billfish, …)

Temperature

Currents

Oxygen

Primary production

Euphotic depth

Prey fields

1. Analysis of predators’ behavior

(F.Royer et al., 2007)

Looking for food ?

INTERPRETATION  OF 
ELECTRONIC TRACKING DATA
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ABSTRACT 

A geographical information system (GIS) may be viewed as a database system in which most of the 
data is spatially indexed, and upon which a set of procedures operate in order to answer queries about spatial 
entities represented in the database. Geo-study deals with answering “What”, “Where”, and “Why” questions. 
Despite the fact that GIS is a powerful tool dealing the first two questions, GIS is inferior for answering the 
“Why” question in geo-study (Zhang and Giardino, 1992). One of the possibility way to overcome the 
inferiority of GIS for answering the “Why” question of Geo-Studies is by integrating expert system in a GIS 
to form a Knowledge-Based Expert System GIS Model. In this study, we present the result of the application 
Knowledge-Based Expert System GIS Model on the prediction of the fishing ground for pelagic fish in the 
coastal area of Tomini Bay (Central Sulawesi) and South Sulawesi. As input data, we used and applied a 
series satellite data of sea surface temperature (SST), sea surface chlorophyll-a (SSC) and turbidity derived 
from Aqua MODIS in period of 2003-2005 to understand the temporal and seasonal variability of the marine 
environment of the study area, and identified the oceanographic phenomena, i.e. upwelling, front or eddy. To 
generate spatial configuration of fishing ground prediction map, we developed and integrated the result of 
Knowledge-Based Expert System into GIS model by using ERDAS Macro Language (EML) of ERDAS 
Imagine 9.0 software.  To verify this result, a series of the in-situ fishing ground spots data of the study area 
were collected for the similar periods and location, and they were then analyzed by using a simple statistical 
method. The result shows that fishing ground prediction derived from Knowledge-Based Expert System GIS 
Model has a high accuracy level with a range of 80-90 % against the in-situ data.  This result has 
demonstrated that the Knowledge-Based Expert System GIS Model can be applied to predict, localize and 
determine fishing ground spot areas in which their accuracy level will be determined by the completeness of 
spatial knowledge of the domain expertise and the sophistication level of the programming utilities being 
used.  

Keywords: Remote sensing, Knowledge-based, Expert Systems, GIS, Fishing Ground 

 
1. INTRODUCTION 

It is simplest form, a geographical 
information system (GIS) may be viewed as a 
database system in which most of the data is 
spatially indexed, and upon which a set of 
procedures operate in order to answer queries 
about spatial entities represented in the database. 
Geo-study deals with answering “What”, “Where”, 
and “Why” questions. Despite the fact that GIS is 
a powerful tool dealing the firs two questions, GIS 
is inferior for answering the “Why” question in 
geo-study. 

Expert systems, or knowledge-based systems, 
are branch of artificial intelligence (AI). AI is the 
capability of a device such as a computer to 
perform tasks that would be considered intelligent 

if they were performed by a human. An expert 
system is a computer program that attempts to 
replicate the reasoning processes of experts and 
can make decisions and recommendations, or 
perform tasks, based on user input. Knowledge 
Engineers (KE) construct expert systems in 
cooperation with problem domain experts so that 
the expert’s knowledge is available at all times 
and in many places, as necessary [1,2,3,4]. 

On the basis of previous research concerning 
the design and implementation of GIS, one may 
infer several requirements that a GIS should 
satisfy, as well as several principles of design and 
implementation that permit the satisfaction of 
such requirements.  
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In this essay, we examine both the 
requirements and the associated principles, first in 
general terms and then in terms of a knowledge-
based GIS that has been recently implemented. 
One possible way to use GIS for dealing with 
reasoning based on knowledge is by incorporating 
an expert system concept in a GIS. 

In this study, we develop an expert system 
integrating with GIS for probable fishing grounds 
predictive model of economic pelagic fish in 
Tomini Bay, Central-Sulawesi using remote 
sensing data. The oceanographical data of Sea 
Surface Temperature (SST), Sea Surface 
Chlorophyll-a (SSC) and Turbidity in relation to 
the oceanographical phenomena i.e. upwelling, 
front and Eddy were used as input parameters of 
the system to generate fishing ground prediction 
map. These input data were than taking account 
into the input environmental data of the 
relationships established, and transforming the 
knowledge bases of spatial configuration in the 
form  of IF..THEN type of production rules into 
macro programs written in ERDAS Macro 
Language (EML) of ERDAS Imagine software  
[5].  

There appear to have been relatively few 
expert systems constructed, or envisioned, for 
oceanographic and maritime purposes. The 
knowledge-based expert system described below 
screens near real time incoming sea surface 
temperature, chlorophyll and turbidity data. The 
use of the expert system allows researchers to 
develop the environmental model of fishing 
ground prediction for further understanding of the 
marine environment phenomenon as a knowledge 
base that can be easily reconfigured [6].  

 
 

2. BASIC THEORY OF SATELLITE 
FISHERIES  OCEANOGRAPHY 

The optical properties in the marine surface 
layer are determined by the presence of dissolved 
and suspended matter. Under normal conditions, 
visible light penetrates marine waters to a depth of 
tens of metres. As the concentration of the water 
constituents increases, i.e. the water becomes 
more turbid, the penetration of sunlight is reduced 
as a result of absorption and scattering processes. 
Depending on the specific characteristics of the 
materials present in the water, i.e. on their spectral 
signature, the absorption and scattering processes 
will vary with the wavelength of the incident 
radiation [7]. Multispectral observations, therefore, 
can be employed to estimate the nature and 

concentration of the water constituents. Passive 
sensors working in the visible wavelengths are 
commonly used to image water colour. Active 
sensors providing their own source of illumination, 
can also be used but only from aircraft and for 
sampling, rather than for imaging purposes.  

The sea covers two thirds of the earth's 
surface. To a large extent, man is dependent on it 
for food species which include fish, shellfish, 
marine mammals, turtles, aquatic plants and algae. 
To exploit these resources more effectively, 
fishermen must catch the most fish possible while, 
at the same time, minimizing costs and optimizing 
the scheduling of their operations. Reliable 
environmental information is required from the 
scientific community for these purposes. Remote 
observations of the sea surface can provide a 
significant part of the information needed to 
assess and improve the potential yield of the 
fishing grounds. The environmental parameters 
most commonly measured from airborne and 
spaceborne sensors are as follows: surface optical 
or bio-optical properties (diffuse attenuation 
coefficient, total suspended matter, yellow 
substance, chlorophyll pigments and macrophytes, 
commonly grouped under the general term of 
ocean colour); surface temperature; vertical and 
horizontal circulation features [8]. Several remote 
sensing techniques can provide information 
regarding surface circulation features of 
importance in defining marine fish habitats. These 
include the location and evolution of frontal 
boundaries, upwelling areas, currents and 
circulation patterns in general. Optical and 
thermal characteristics of surface waters can be 
used as natural tracers of dynamic patterns.  

Variations in environmental conditions affect 
the recruitment, distribution, abundance and 
availability of fishery resources. It is not possible 
to measure remotely the entire range of 
information needed to assess changes in the 
marine environment. Knowledge of particular 
conditions and processes affecting fish 
populations, however, may often be deduced 
using measurements made by remote sensors, e.g., 
concentration of dissolved and suspended matter, 
variations in primary production levels, 
distribution of surface isotherms, location of 
frontal boundaries, regions of upwelling, currents 
and water circulation patterns. The parameters 
providing information on these environmental 
factors may allow a forecast of fish distribution or 
more generally the definition of marine fish 
habitats [9]. These are often easier to sense 
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remotely than the presence of fish. Estimation of a 
fishery resource can be assisted by the 
measurement of parameters which affect its 
distribution and abundance. Much of the research 
dealing with environmental effects related to 
fisheries are concerned with the correlation of a 
single parameter with the spatial and temporal 
distribution of fish. It is most likely, however, that 
fish respond to the sum total of environmental 
factors. Thus, it becomes necessary to correlate a 
large number of parameters, obtained by remote 
sensing techniques, with fish distribution.    

 
 

3. METHODOLOGY 
 
3.1 Knowledge-Based Expert System-GIS  
       Development 

A Knowledge-based Expert Systems GIS is 
defined as an integrated GIS and Expert System 
that is specially designed to answer the three 
questions of a geo-study. A module that integrates 
these two components is employed (Figure 1).  

The GIS component is composed of two 
main modules that facilitate answering the 
“What” and “Where” questions: GIS database and 
spatial analysis. The expert system component is 
composed of two main modules for facilitating 
answering the “Why” question: knowledge-base 
and inference engine.  

The knowledge-base of an expert system is 
built based on the result of knowledge acquisition 
in the form of production rules. A production rule 
is composed of sets of heuristics. One of the 
typical characteristics of heuristics is the use of 
IF…THEN statements that represent knowledge 
or guidelines through which a system may be 
operated. 

An inference engine is a knowledge 
processing tool of the expert system component. 
Its main task is to merge facts with rules to 
develop or to infer or to draw conclusions about 
new facts. If the rules of a knowledge base relate 
to a specific domain or expertise, those of  the 
inference engine pertain to more general control 
and search strategy for deriving inferences based 
on screening, filtering, and pruning mechanism.  

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

 

Figure 1:  The elements of a knowledge-based 
GIS 

 
The most important element of a knowledge-
based GIS is an integration module that links the 
GIS spatial analysis and inference engine through 
GIS database and knowledge base. In this 
research, ERDAS Macro Language (EML) was 
used for the expert system processing. 
 
3.2 Study Area and Data Acquisition 

The study area was located in the coastal 
area of Tomini Bay, Central-Sulawesi and South 
Sulawesi (Figure 2). As input data, we used the 
Sea Surface Temperature (SST), Sea Surface 
Chlorophyll-a (SSC) and Turbidity data derived 
from MODIS satellite data of NASA.  While to 
verify the result of Fishing Ground Prediction 
Model, we collect the in-situ data of fishing 
ground spots in both areas, and the simple 
statistical analysis was employed to understand 
the percentage of their accuracy.  
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Figure 2:  Study are in the coastal area of Tomini 

Bay (Central Sulawesi) and South 
Sulawesi. 

 
 
3.3 Design of Knowledge-Based Expert System  

GIS (KBES-GIS) Fishing Ground 

In this research, we used 3 (three) 
oceanographic parameters (SST, Chlorophyll-a, 
and Turbidity) as input data of the Knowledge-
Based Expert System GIS Fishing Ground Model 
(KBES-GIS-FG) to define potential fishing 
ground. These parameters were then also 
processed to investigate and identify the 
oceanographic phenomena (upwelling, front, and 
eddy) in the study area that suspected has strong 
correlation with the potential fishing ground. In 
the application of the KBES-GIS-FG, we used the 
daily data of SST, Chl-a, and Turbidity images as 
input variables to generate the daily information 
of the potential fishing ground formation. The 
formulation process of the KBES-GIS-FG 
ontology is presented in Figure 3. 

 

 
Figure 3: A representational structure of the 

Knowledge-Based Expert System  
GIS Fishing Ground Model (KBES-
GIS- FG) ontology. 

 
 
From the above processes, we formulated the 

rules to produce the fishing ground prediction 
modules as the expert system as described 
bellowed : 

 
3.3.1 Sea Surface Temperature (SST) 

o IF SST (range : 240c - 270c) with different 
1.50c, AND diamaeter > 10km, AND 
located > 4 mill sea line with area 100 km2 
AND deep > 100m, THEN this location is  
front. 

o IF front have V (speed value) = 5 cm/s,  
       THEN this location is  Fishing Ground. 

o IF SST (240c - 270c) with different 20c, 
AND diameter > 30km, and located  > 4 
mill sea line with area 100 km2, deep > 
100m, AND different 50c AND length > 
10km,  
THEN this location is Eddy Current. 

o IF area with UPWELLING criterion,  
           THEN predicted area as the Potensial 
Fishing 
           Ground. 
 
3.3.2 Chlorophyll 

o IF Chl-a concentration in the range of 0.3 to 
2.5 mg/m3, AND that area is located more 
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than 4 mill sea line, AND deep more than 
100m, AND acreage is 100km2 , THEN  
Upwelling area. 

o IF area is called as Upwelling, THEN 
Fishing Ground area. 

o IF Chl-a concentration < 0.3 AND more 
than 2.5  mg/m3, THEN  Non Fishing 
Ground 

 
3.3.3 Turbidity 

o IF turbidity value less than 10mg/lt, AND 
located in more than 4 mil sea line, AND 
deep more than 100m, AND have acreage 
more than 100 km2, THEN  Upwelling area. 

o IF the area is UPWELLING, THEN the 
area is  Fishing Ground. 

o IF turbidity have the chlorophyll 
concentration between 0.3 to 2.5 mg/m3 , 
AND located more than 4 mill sea sea line, 
AND deep more than 100m, AND have the 
coverage area more than 100 km2 ,THEN  
Upwelling. 

o IF area is Upwelling, THEN the area is 
Fishing Ground. 

 
3.3.4 Predictive model for Fishing Ground (A  

proposed  cyclical modeling approach) 

The modeling concept used in this research is 
based on the cycling model approach (as 
illustrated in Figure 4). This model consists of 
three (3) stages, as described bellow : 

(a). Observation stage: to define the 
characteristics of fish behavior, physical 
condition of ocean and use the pattern 
recognition method to cluster fishing 
ground and non fishing ground. 

(b). Analysis and interpretation of data  (SST,  
Chl-a, Turbidity images. 

(c). Modeling and testing/verification: using a 
knowledge-based expert system GIS model 
for fishing ground prediction. 

 
Figure.4. Prediction model of Fishing Ground. 
               (A proposed cyclical modeling approach) 

 

From this model, we will understand that the 
proven of the model performance will depend on 
the feedback data from the in-situ field 
observation and the knowledge base of the expert 
system in which further investigation can be 
carried out and adjusted to predict more 
accurately fishing ground events and the 
oceanographic phenomenon. 

 
 

4. EXPERIMENTAL DESIGN 

The experimental design in this research is 
conducted as follows: 

(a). Preparation of the Knowledge-Based Expert       
System GIS Fishing Ground Model (KBES- 
GIS-FG) systems.  

(b). Building the knowledge-base and parameter 
settings. 

(c). Data preparation: Satellite data (SST, Chl-a, 
Turbidity), field observation data of fishing 
round. 

(d). Pre-processing data. 

(e). Run model and validate. 
 
 
5. RESULTS AND DISCUSSION 

The scenes result of the KBES-GIS-FG 
model in the coastal area of Tomini Bay (Central 
Sulawesi) and South Sulawesi and their statistical 
analysis were illustrated in Figure 5 and 6, 
respectively. Three (3) input data of SST, 
Chlorophyll-a, and Turbidity are used in the 
model to generate predicted potential fishing 
ground.  The analysis processes were used the 
Knowledge-Base Engineer of ERDAS software.   

INPUT 

Pattern 
Recognition: 
- FG, non FG 
- Ocean Physical  
Condition

- FG, non FG proportion 
- acreage of FG 
- productivity 

   Prediction Model 
  (Fishing Ground) 

Observation Analysis and  
Interpretation 

Modeling and 
Testing/Verification 

Knowledge-based Expert System 

OUTPUT
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------------------------------------------------------------

--- 

 
Figure.5. Fishing Ground Map produced by the 

KBES-GIS-FG Model in the coastal 
area of Tomini  Bay, Central Sulawesi 
(A) and South Sulawesi (B) 

 
The result in Figure 5 shows that the fishing 

ground map which produced from the model can 
be divided into two (2) categories. The first 
category is potential FG area that is marked by red 
color dots, and the second category is semi 
potential FG area marked by green color dots.  
While the black color dots is non FG area. The 
KBES-GIS-FG model was applied and run by 
considering the marine environmental information 
identified by three (3) parameters of daily SST, 
Chlorophyll-a, and Turbidity as input data. The 
daily and variability result of the model in 
generating predicted potential fishing ground area 
was strong depend on and governed by the level 
of cloud ness (cloud cover) as well as the 
meteorological situation.  The result also shows 
that the potential fishing ground area was mostly 
concentrated in the near border (front) of the high 
and low concentration level of chlorophyll-a.  
This result indicated and well agreement with the 
most previous results that shows the potential 
fishing ground is well correspond with the area in 

the near border of the different water environment 
(front).   

To understand the accuracy level of the result 
model, the simple statistical analysis was 
employed by comparing the daily result model 
and the daily field observation fishing ground data 
in the similar time of the data acquisition and 
observation.  The result as shown in Figure 6, 
indicated that the average percentage of level 
accuracy of the model result in both areas of the 
coastal area of  Tomini Bay, Central Sulawesi and 
South Sulawesi  was relatively high with accuracy 
level of 86 %.  While the daily result of the 
prediction model in the coastal area of Tomini 
Bay, Central Sulawesi and South Sulawesi is 
within a range of 68 % to 95 %.   As mentioned 
above, the variability of the accuracy level of the 
model result in the prediction potential fishing 
ground seems to be strong corresponded with the 
cloud ness level (could cover) in which in the 
tropical area to be a problem.  To eliminate and 
increase the accuracy level in the satellite data 
acquisition, the development of technical 
processes of the data satellite for the tropical area 
was recommended. 
   

 
Figure 6. The statistical analysis result of the 

model and field data of fishing round. 
 
6. CONCLUSIONS 

In this paper, a knowledge-based expert 
system GIS model for prediction of fishing 
ground was introduced. We developed an expert 
system integrated with the GIS model for 
prediction of the potential fishing ground of the 
economic pelagic fish in the coastal area of 
Tomini Bay, Central-Sulawesi and South 
Sulawesi by using Sea Surface Temperature  
(SST), Sea Surface Chlorophyll a (SSC) and 

B

A
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Turbidity  data derived from Modis satellite. The 
results demonstrated that the level of the success 
of implementing any knowledge based GIS model 
is determined by the completeness of spatial 
knowledge concerning the domain expertise and 
the sophistication level of the ERDAS macro 
programming.  Moreover, it was found that the 
use of the expert system has allowed the 
development of fishing ground model to 
understand further of the ocean phenomenon in 
relation to the fishing ground characteristic. By 
using the knowledge base expert system, the 
prediction of fishing ground automatically would 
be more easy and accurate.  
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Appendix I : Agenda of APEC SAKE-2 Workshop 
 
November 5, 2007   (R. Komisi Utama BPPT Lt. 3) 

08:30 Registration 

09:00 Opening session 

1. Report by Local Organizer (Director of PTISDA BPPT: Dr. Yusuf S. Djajadihardja) 

2. Introduction on SAKE activities (Prof. Cho-Teng Liu) 

3. Welcome Speech (Lead Shepherd APEC MRC WG: Prof. Dr. Indroyono Soesilo) 

4. Opening Remark (Chairman of BPPT: Prof. Said D. Jenie) 

5. Group Picture 

10:00 Coffee break 

Session A: Monitoring of coastal ecosystem 
 (Chair: Prof. CC Kao) 

 

1. Mapping of inland and underwater habitats with satellite images, VNU – Vietnam 
(Dr. Nguyen P. Khu) 

A-1 

2. Reef Connectivity: a Study of Larval Dispersal in Sulu Sea, UP - Philippine (Prof. 
Cesar Villanoy) 

A-2 

3. Mapping of coastal ecosystem condition and its water quality aroujind the 
Thousand Island of North Jakarta, BPPT  - Indonesia (Mr. Yudi Wahyudi) 

A-3 

4. A remote sensing investigation on seasonal variations of river discharges and 
their influences to marine environmental changes over Jakarta Bay, BPPT - 
Indonesia (Dr. Nani Hendiarti) 

A-4 

5. Application of ocean color remote sensing for monitoring and mapping total 
suspended matter: a case study in the East China Sea, Nagoya University / BPPT 
– (Dr. Eko Siswanto) 

A-5 

10:30 

6. Using remote sensing to study the coastline change from typhoon and coastal 
erosion at Ban Laem Sing, Upper Gulf of Thailand, CU – Thailand, (Prof. 
Absornsuda Siripong) 

A-6 

12:30 Lunch 

Session B: Hyperspectral mapping on natural resources 
 (Chair: Dr. M Sadly) 

 

1. Coastal water monitoring and algorithm development for hyperspectrum sensor, 
TUIS –Japan (Prof. Ichio Asanuma) 

B-1 

13:30 

2. Development of mangrove spectral library, BPPT – Indonesia (Mr. Hartanto 
Sanjaya) 

B-2 
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3. Land Cover Classification of Fordata Island, BPPT -  Indonesia (Ms. Marina 
Frederik)  

B-3 

4. Observation of sea surface temperature and chlorophyl-a concentration along 
Southern Vietnam Sea using ocean color remote sensing, VNU – Vietnam (Dr. 
Nguyen Phi Khu) 

B-4 

Session C: Mapping & mitigation of marine pollution 
 (Chair: Prof. A. Siripong) 

 

1. A Multi-scale detection technique for anomaly on ocean surface using optical 
satellite images, NCU, Chinese Taipei (Prof. L.Y. Chang)  

C-1 

14:40 

2. Simulation of spilled oil in Seribu Islands waters, ITB - Indonesia (Prof. Safwan 
Hadi) 

C-2 

15:20 Coffee Break 

Session D: Field verification on coastal ecosystem mapping 
 (Chair: Prof. C. Villanoy) 

 

1. Optical Properties of Inorganic Suspended Solids and their Influence on In-water 
Algorithm of Ocean Color Remote Sensing in Coastal Turbid Waters, 
Chulalongkorn Univ. – Thailand (Prof. Absornsuda Siripong) 

D-1 

2. Identification of groundtruthing needs for the extended use of satellite imagery in 
nearshore habitat mapping – Indonesia (Dr. Karen von Juterzenka) 

D-2 

3. Assesment of Formosat satellite imagery for coastal ecosystem mapping in West 
Banten, Indonesia, BRKP – Indonesia (Mr. Syamsul B. Agus) 

 D-3 

15:40 

4. Integration of satellite application and computational tool for marine 
conservation area design, BROK – BRKP (Mr. Elvan Ampou) 

D-4 
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November 6, 2007   (R. Komisi Utama BPPT Lt. 3) 

Session E: Operational oceanography 
 (Chair: Prof. Safwan Hadi) 

Page

1. Satellite monitoring of fishing vessels as a tool to localize and estimate the fishing 
activity, CLS – France (Dr. Philippe Gaspar) 

E-1

2. Operational Oceanography for the Eastern Indian Ocean, BPPT – Indonesia (Dr. Fadli 
Syamsudin) 

E-2

3. Data Buoy for the Operational Oceanographic Observation (Prof. Chia Chuen Kao)  

4. Sea surface temperature changes in Indonesian seas correlation with El Nino, La 
Nina and Indonesian through flow phenomenon, BRKP – Indonesia (Mr. B. 
Realino) 

E-3

5. Typhoon swell freak wave hindcasting, NTU (Dr. Nai Kuang Liang) E-4

09:00 

6. Monitoring of Marine Resources in Indonesia’s Small Outer Islands (Case: 
Manterawu Island, North Sulawesi), BROK – Indonesia (Mr. Dendy Mahabror) 

E-5 

10:45 Coffee break   

Session F: Marine energy assessment 
 (Chair: Mr. Berny A. Subki) 

1. Renewable ocean energy for the APEC region, NTU (Prof. Nai Kuang Liang) F-1

11:05 

2. The energy of Taiwan Current, NTU (Prof. Cho-Teng Liu) F-2

11:50 Lunch 

Session G: Fishery and mariculture 
 (Chair: Mrs. Frida S.) 

 

1. Coupling 3-D models of ocean physics and biogeochemistry to fish population 
dynamics to monitor marine living resources in a context of global change, CLS – 
France (Dr. Philippe Gaspar) 

G-1

2. Application of Knowledge-Based Expert System Model for Fishing Ground 
Prediction in the Tropical Area, BPPT – Indonesia (Dr. Muhamad Sadly)  

G-2

3. Vulnerability of reef resources to the mariculture industry: a remote sensing and 
modeling exercise, UP – Philippines (Dr. Salamante) 

G-3

12:50 

4. Understanding the abundance of pelagic fish in Bali Strait during southeast 
monsoon, BROK – Indonesia (Mr. Teja Arief) 

G-4

14:20 Panel discussion of technology roadmap on remote sensing application in Indonesia 
(Chair: Dr. Aryo Hanggono) 

1. Presentation of Roadmap for Marine and Fishery application (BRKP) 

2. Panel Discussion 

15:00 Coffee Break 
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15:20 Panel discussion on SAKE project report and announcement of next SAKE meeting 
 (Chair: Prof. Cho-Teng Liu) 

16:00 Summary and closing remarks 
Dr. Aryo Hanggono, Director of Research Center for Marine Technology BRKP 

 

 
Nov. 7-8, Technical Tour: 
Field verification of satellite images near Tanjung Lesung, Banten (about 4-hour drive southwest 

of Jakarta) 
 



Appendix II: Summary of Panel Discussion 

Panel members: Dr. Aryo Hanggono, Dr. Nani Hendiarti, Prof. Cesar Villanoy 
and Prof. Cho-Teng Liu  

 

Summary:  

 We are grateful to BPPT and BRKP in organizing this SAKE-2 workshop 
successfully.  This is the major activity of SAKE 2007 project.  The number 
of participating scientists, number of countries that these scientists came from, 
the number of presented papers, and the depth of research results are all 
unprecedented in SAKE and all OMISAR projects.   

 SAKE 2008 proposal has been approved by APEC MRCWG, and by 
APEC Budget Allocation Committee.  About 8 proposals submitted to 
MRCWG in April, only two proposals were funded by APEC, and SAKE 2008 
is one of them.  

The Steering Committee of SAKE 2008 project will work closely with 
participating scientists to acquire more Formosat-2 images to meet their needs 
of research.  The next meeting of Steering Committee will be hosted by Dr. 
Khu in Viet Nam 

 The next SAKE workshop is planned at Manado, Indonesia.  Wish you 
all join us and present your study in the application of satellite images.  

 As shown in the welcome speech by Dr. Indroyono, corals are sensitive to 
global climatic changes.  Nearly 50% of world corals were bleached in the last 
El Nino.  Because it is a breeding ground of most marine species, and its 
biodiversity is the largest in all marine ecosystems, mapping coral communities 
in the global oceans and monitoring coral health are important to the 
conservation of marine resources.  Working with Coral Triangle Initiative will 
be the first goal of the new proposal that is a follow-up of SAKE 2008 project.  
The new proposal to APEC Marine Resource Conservation Working Group 
will be drafted from now to February 2008.   

 The second goal of the new proposal will be the monitoring of oil spill in 
operational mode.  This will assist the assessment of damages in near-real 
time fashion, the prediction of the movement of oil patches, and the allocation 
of the limited resources for mitigating disaster and for reducing damages to 
marine resources.   
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