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プレゼンター
プレゼンテーションのノート
Thank you chairperson, Good afternoon everyone 
I am very appreciate for the committee of this symposium that offer me a great opportunity to be able to involve in this excellent symposium.
Today I would like to talk on Spatial information systems approach toward sustainable aquaculture
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Here the outline of my talk,
Firstly, I will brief discuss on the sustainability of aquaculture and spatial information system (SIF) prospective.
How we can use the SIF to support sustainability of aquaculture will describe more detail in the case study that will be dealt with development of japanese scallop aquaculture.
And lastly I will close my talk with the conclusions. 



FAO, 2008

Sustainable Aquaculture
 Aquaculture, the fastest 

growing food–producing 
sector.

 Aquaculture has great 
potential for alleviation of 
poverty and generation of 
wealth for the people living 
in coastal area. 

 Accounts for almost 50% of 
the world’s food fish.

 Sustainable aquaculture 
consider the ecological, 
economic & social aspect

Ecological
(environ. 
sound)

Economic
(profitable)

Social
(community 

development)

Sustainable 
Aquaculture
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Aquaculture, probably the fastest growing food–producing sector.
In addition as sources of aquatic food production, aquaculture has great potential for alleviation of poverty and generation of wealth for the people living in coastal area.
Total world production of  aquaculture has increased year by year compare with the production from capture fisheries which indicate stable or event decreasing trend, as we can see from this figure. Blue color indicate world capture fisheries production, while red color for aquaculture. The production from aquaculture account for almost 50%.
Dealing with sustainable of aquaculture, we need to consider on mainly three important aspect that include ecological, economic and social as illustrate in this figure.




 FAO guideline for supporting sustainable 
aquaculture development
 Ecosystem approach to aquaculture (Soto et al., 2008)
 Code of conduct for responsible fisheries (FAO, 1995)

 It is necessary to develop an analytical framework 
that can incorporate spatial (and temporal) 
dimensions of parameters that effect sustainability

The main purpose: to promote the use of 
spatial data for improving the planning and 

management of aquaculture in order to 
support sustainable development. 

Sustainable Aquaculture
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To promote and support sustainable aquaculture, FAO has produced some excellent guidelines, that guidelines such as : EAA and CCRF.
Much of data and information on aquaculture have been collected, however, few of studies have introduced the spatial element.
On the other hand, to make the development sustainable, it is necessary to develop an analytical framework that can incorporate spatial (and temporal) dimensions of parameters that effect sustainability 



Spatial Information Systems

Spatial Information Systems
the technology of acquiring, managing, 
analyzing, and displaying information in a 
spatial context (lat., long. & time) 

Examples of the technology in spatial data
 Remote sensing data 
 Global Positioning System (GPS)
 Geographic Information Systems (GIS) 
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What is spatial information system?
Some of you maybe already familiar with this term, anyway.
In general SIF is 
Example of the technology……



1. Location: Where is it...?
2. Quantification: How big, How long, How many in...?
3. Routing: What is the best way to...?
4. Condition: What is at...?
5. Trends: What has changed since...?
6. Patterns: What spatial patterns exist...?
7. Modeling: What if...?

Spatial Information Systems

Spatial question integrated in every 
geographic inventory (COPEMED, 2001)
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Using the SIF or spatial analyses, we could answer spatial question …..could be answer through Spatial analyses.



1. Vector
 Points: Data of water 

quality  measurements 
(Sea Temperature, Chl-a)

 Lines: Streets, rivers, 
bathymetry

 Polygons: Settlement, 
lake

2. Raster
 Pixels: DEM, satellite 

data

Data types
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In the spatial analysis, we can break down our data into two general groups: vector data and raster data



Landsat

Ikonos

ALOS

SPOT

SeaWiFS

Passive sensors
 High resolution: IKONOS (1m), Quickbird 

(60cm), ALOS (10m), SPOT (10m)
 Medium resolution: Landsat (30m), IRS 

(23.5m), ASTER (15m)
 Low resolution: NOAA-AVHRR , SeaWiFS, 

MODIS ≈ 1km

Active sensors
 Radarsat (SAR); ALOS-PALSAR

Satellite remote sensing
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In term of satellite remote sensing, there are several data can be use starting with high resolution to low resolution, and also use active sensor like SAR or ALOS PLASAR data.



http://www.geosafari.org/http://www.fao.org/fishery/gisfish/index.jsp

GISFish
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The use of spatial information system has been promoted by several institutions either international, regional or local, through their website.



Case study

Objectives
1. To identify the most suitable sites for hanging 

culture of Japanese scallop development.
2. To examine the potential impact of climate change 

on the development of scallop aquaculture
indirect impact of climate change on 
suitable sites of scallop aquaculture

Japanese scallop 
aquaculture development
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Now, I will continue with one case study on Japanese scallop aquaculture.
This case study demonstrates the use of spatial data for development of marine aquaculture.
The objective of this study are:




Study area

 Depth, maximum 107 m and mean 38 m
 2315 km2 surface area, and a 195 km coastline
 Water replace 2 time a year : OW & TW 

OW

TW
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This study focused on FB. The bay located in southwestern Hokkaido  with a mean depth of 38 m and maximum depth of 107 m.
The bay has a 2315 km2 surface area, and a 195 km coastline.
Water replace 2 time a year by inflow of Oyashio and Tsugaru waters
The unique of hydrographic and current systems around the bay provide a favorable environmental condition for aquaculture activities, and this bay is one of the most important cultivation areas in Hokkaido



Map 
(analog and digital)Satellite

Criteria map construction 
(Factors and constraints)

Score and weight 
determination; GIS models

Suitable site of 
scallop aquaculture

Spatial data construction

SUITABLE SITE (SS)
MODEL

Methodology

Predicted models

Suitable site 
(SST 4oC)

Suitable site 
(SST 2oC)

Suitable site 
(SST 1oC)

Increased SST 4oC
(A1FI)

IPCC 2007

Increased SST 2oC
(B2)

Increased SST 1oC
(B1)

CLIMATE CHANGE (CC) 
PREDICTION MODELSMODIS-Aqua (2002–2004)

SeaWiFS (1998–2004) 
nLw(555) – SS

ALOS AVNIR-2 
(12 August 2007)

A hydrographic (1:50 000)

GPS data

Maps: April–July 2003
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In this study, in order to examine the impact of climate change, two types of analysis were carried out. First we developed our original model and from final model we conducted second analysis through increasing SST using three predicted models. 
This predicted models were followed the fourth IPCC report.
The primary data sources used in this study included multi sensor remotely sensed data (SeaWiFS, MODIS and ALOS AVNIR), digital and analog maps, and global positioning system (GPS) data as shown in the right figure.




SS model construction
 Built on hierarchical structure
 Scoring: 1 (least suitable) - 8 (most suitable) 

(Radiarta et al., 2008)
 Weighting: MCE method known AHP (Saaty, 1977)
 GIS model: MCE-Weighted Linear Combination

(Malczewski, 2000 )

∑=
j

ijji rw)V(x

wj = weight, Σwj = 1, 
rij  = the attribute transformed into score (1-8)
The most preferred alternative is the maximum 
V(xi) value

8 7 6 5 4 3 2 1
Bathymetry (m) > 20.0 17.5-20.0 15.0-17.5 12.5-15.0 10.0-12.5 7.5-10.0 5.0-7.5 <5.0
Larvae level (No./ton) >1000 850-1000 700-850 550-700 400-550 250-400100-250<100
Distance to town (km) <3 3-4 4-5 5-6 6-7 7-8 8-9 >9

Parameters Suitability score
8 7 6 5 4 3 2 1

Bathymetry (m) > 20.0 17.5-20.0 15.0-17.5 12.5-15.0 10.0-12.5 7.5-10.0 5.0-7.5 <5.0
Larvae level (No./ton) >1000 850-1000 700-850 550-700 400-550 250-400100-250<100
Distance to town (km) <3 3-4 4-5 5-6 6-7 7-8 8-9 >9

Parameters Suitability score
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Suitability site analysis was built based on hierarchical structure. This structure consist of factors and constraint.
To standardize the mapping analysis, all parameter were converted to standard scoring system, this scoring system was build based on the requirement of the scallop culture system.
We used score from 1 to 8,
After the scoring, then we calculated weight for each parameter and sub model. The weight was define based on the literature review and expert opinion using MCE method known as AHP.
Suitability site analysis was implemented in GIS using model builder, this analysis was calculated using MCE method known as WLC using the formula shown in this slide.





SST

SS
Bathymetry

Larvae
Chl-a

Town
Piers

Land Fac.

Harbor
Town
River

Industry

Physical

Biological

Social-
infrastructural

Constraints

Scallop site 
selection

Submodels CriteriaGoal

0.46
0.31
0.23

0.2
0.3
0.5

0.4
0.6

Weight

0.46
0.31
0.23

0.2
0.3
0.5

0.4
0.6

Weight

Model verificationHierarchical structure

SS model construction

プレゼンター
プレゼンテーションのノート
In the  hierarchical structure analysis, 12 parameter were grouped into 4 submodel either as factor or constrain. The number in front of each parameter indicate their weight values.
Finally we verified our final model with existing scallop culture, in order to examine how much the existing match with the model.



CC model construction

SST 
Increased 

4 °C

Original model Reanalyzed

Predicted 
models

SST 
Increased 

2 °C

SST 
Increased 

1 °C

(IPCC, 2007)Suitable sites

B1

B2

A1FI

 Consider only change of SST values
 Assume other variables constant

プレゼンター
プレゼンテーションのノート
To construct the CC model, we have reanalyzed our original model of suitability site following IPCC predicted model.
We selected three different predicted model from the lower to the higher.
In the low predicted model we increased 1o SST, middle we increased 2oC and the highest predicted was achieved by increasing 4oC




 Suitable area based 
on 60 m depth
→ to minimize 
operation costs and 
difficulty in mooring 
systems

 Potential area about 
1038 km2  ( 45%)

Area of interest

Results

プレゼンター
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Well lets me continue with the result and discussion.
In order to minimize operating cost and difficulty in mooring system, our analysis was focused only on water depth less then 60m as indicate by red color area in this map. This potential area is accounted for about 45% of total study area.



Scores and proportional area (%)
0 1 2 3 4 5 6 7 8
12 0.0 0.0 0.0 0.01 10.89 20.1 28 29

Final suitable site model

Low HighConstraint
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In the final suitability model, by combining three different sensitivity models, we found that about 29% and 28% of potential area had the score 8 and 7
Area with highest score are evenly distributed along the coast which indicated by dark blue color.
No area was classified  as lower score (scores 1-3)



Scores and proportional area (%) Outside
> 60m0 1 2 3 4 5 6 7 8

4.0 0.0 0.0 0.0 0.0 0.2 3.0 24.8 60.0 8.0

SS model verification
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Our final suitability model was found to be consistent with  the existing scallop operation.
About 80% of higher score of suitable site from our model match with existing scallop aquaculture.




CC – Prediction model

O-Model 1 °C 2 °C 4 °C
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How the possible indirect impact of climate change on the suitability site of scallop aquaculture?
Lets we observe the change of suitable site for each predicted model compare with original model.
When we applied the three predicted CC models to original model, we found that most suitable area was changed.



 Prediction models showed CC impact on 
development of scallop culture

 Continues study on the impact of climate 
change on the scallop aquaculture development 
are challenging and need further research

1 °C 2 °C 4 °C

Change of suitability score

CC – Prediction model
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Again, I would like to emphasis the change of suitability area, especially from score 8 to 7
From this result indicated that continue…..





Conclusions

 Spatial information systems has an excellent future 
to address many issues facing the development 
and management of aquaculture.

 Spatial data are becoming increasingly available. 
Those data can be integrated into spatial analyses 
in order to update and enhance the final outcome.

 Given IT trends, the future spatial tools will provide 
a range of functions embedded in various 
component that ca be used for specific analyses to 
support sustainable aquaculture.
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