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Integration of time series data, multi sensor analysis and statistical models are important
for accurate mapping for open ocean tuna habitat and precipitation studies. In this study, habitat
characteristics of bigeye tuna were investigated as a representative for open ocean tuna habitat
studies and validation and correction of Global Satellite Mapping Precipitation (GSMaP) were
performed as representative for precipitation studies. Tuna habitat is an important issue to study
because global tuna catches have increased steadily from a half million tonnes in 1950 to almost
4 million tonnes in 1999. In addition, validation and correction of GSMaP is necessary to study
because GSMaP precipitation amount generally has been underestimated and it will cause high
bias for flood forecasting. Historical data of open ocean tuna habitat and precipitation studies
were derived by open access multi sensor satellite remote sensing data and were conducted in the
two study areas: Southern waters off Java-Bali in Indonesia for open ocean habitat studies and
Kyushu Island in Japan for precipitation studies.

The aims of this research are to introduce the simple method to analyze the relationship
between bigeye tuna and environmental variable by using linear regression, to introduce
Generalized Additive Model (GAM) for dealing with nonlinear data, to determine the best model
for bigeye tuna habitat in the study area, to evaluate the ability of GSMaP data as satellite
precipitation during rainy season and to reduce the bias of GSMaP product during heavy rainfall.

This study was divided into two main parts. First is the introduction and explanation of
the analysis method, and second is the application of multi-sensor satellite data for open ocean
tuna habitat and precipitation studies. In the first application for open ocean tuna habitat studies,



the simple method to analyze a relationship between environmental variables and fisheries data
was introduced. Then, simple predicted map can be determined. The second application, GAM
was conducted to measure the relationship between environmental variables and fisheries data
and then build the habitat suitability index.

In the first application for open ocean tuna habitat studies, satellite remote sensing data of
sea surface temperature (SST), sea surface chlorophyll (SSC) and sea surface height deviation
(SSHD) as environmental data variables and daily fish catch data from PT Perikanan Nusantara,
Bali during 2006-2010 were used. To determine the relationship between environmental variables
and bigeye tuna, fisheries data classification and linear regression were conducted. The results
clearly showed that SST, SSC, SSHD which derived from satellite observation, confirmed a
strong relationship with the abundance of bigeye tuna. However, the parameters which give the
dominant effect bigeye tuna cannot be distinguished.

In the second application, GAM as the recent development of regression model was
applied. By GAM, the data did not force to be linear and parameters which give the dominant
effect bigeye tuna can be distinguished. In this study, seven models were constructed from the
simplest form by using only one independent variabie (i.e., SST, SSC, SSHD) and combination
of all the variables (i.e., SST+SSC, SST+SSHD, SSC--SSHD and SST+SSC+SSHD). Then,
GAM and geographic information system (GIS) method were combined to determine the spatial
distribution of bigeye tuna habitat. The results showed that SST was the most important habitat
predictor for bigeye tuna migration in the Southern Waters off Java and Bali, followed by SSHD
and SSC. The spatial pattern of bigeye tuna habitat characteristic gave typical low SST, negative
to low SSHD and low to moderate SSC. In addition, validation of the predicted number of
bigeye tuna with the observed value was significant (P<0.03, 1>=0. 56).

For precipitation studies, we evaluated and corrected GSMaP_MVXK at daily time scales
with a spatial resolution of 0.1° latitude/longitude. The reference data came from thirty four rain
gauges over Kyushu Island, Japan. This study focused on the GSMaP_MVK ability to detect
heavy rainfall pattern that may lead to flooding. Statistical analysis was used to evaluate the
GSMaP MVK data both quantitative and qualitative. The statistical analysis included the
relative bias (B), the mean error (E), the Nash-Sutcliffe (Cxs), the Root Mean Square Error
(RMSE) and the correlation coefficient (r). In addition, GAM was conducted for GSMaP_MVK
data correction. The results of these analyses indicate that GSMaP_MVK data have lower values
than observed data and have serious underestimate during heavy rainfall, By applying GAM for
bias correction, GSMaP MVK ability was improved to detect heavy rainfall. In addition, GAM
for bias correction is well applied for serious underestimate of GSMaP_MVXK (i.e., bias more
than 55%). Thus, GAM is a promising way to predict the rainfall amount for flood and landslide
monitoring, especially in the area where rain gauge data are limited.



The advantage of this research is all the satellite remote sensing data which we used are
open access and it can be applied in the developing countries. For the future research, shark
habitat characteristics are necessary to study due to the highest bycatch by the tuna fishing
activity. In precipitation studies, correction of GSMaP_MVK data product is the first step to
make a model for flood prediction map more accurate.
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