1) Introductlon

Lagrang1an partrele traeklng 1s one of basic methods for mode- .

ling the transport of water parcels and the dispersion of biologi-
cal species. To avoid the difficulty of the analysis of a large
number of trajectories and 1ts visual presentation, we propose a
new methodology which includes data mining and different vis-
ualization techniques, namely, association rules and directed
graphs.

Oceanographic data exhibit strong spatial and temporal depend-
encies, so we extend the basic association rules discovery to
spatial and temporal association rules mining. In addition, we
suggest a novel visualization method which uses multi-level di-
rected graphs with different levels of space and time granular-
ity. Moreover, we can intertwine the knowledge from various
disciplines related to oceanography, e.g. marine ecology.

The proposed methodology consists of the following steps.
‘First, we generate a vast number of Lagrangian trajectories in

the domain of the numerical model, or use many observations of

various floats, which must cover the area of interest. Second, we
derive the spatial association rules resulting on these trajecto-

- ries. Then we construct a multilevel directed graph based on
these rules and finally include additional attributes of various

types, which represent the oceanographic knowledge.

3) Experlments and Results

2) Methodology
2a) Lagrangian particle tracking
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velocity fields of ocean currents from the numerical model of Mediterranean Ocean
- Forecasting System - MFS [2] for the period 1999-2011 |
*Lagrangian trajectories calculated using Ar1ane (http://stockage.univ-
brest.fr/~grima/Ariane/).

estarting positions (|

*total number of trajectories was 96280 with the length of 365 days each.

3a) Correlatlon with the wind power transmltted to the ocean
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We caloulated the eorrelat1ons between the w1nd power transmltted to the ocean in the sea areas and the prob-'
abilities of transitions of the particles between these areas within the interval of one month.

Hrgher average wind power in an area results in a higher probability of moving particles to ‘the nerghborrng
areas (left figure). The exceptions are Adriatic Sea and Tyrrhenian Sea, which behave more like closed areas
where the wind 1s causing the recirculation of surface particles within these areas. The movements of particles
inside Adriatic Sea are highly correlated with the wind power in contrast to part1eles which cross the boundary

3b) The Iong term distribution of b|olog|cal spemes

The problem can be formulated as follows: "If the particle in
the current time period i1s located 1in the area A of the given
spatial domain, then the same particle in the next time period
will be located in the area B with a certain probability"

First we discretize the given spatial domain 1in smaller areas

and choose an appropriate time interval. Then we determine
the probability of displacement of particles from one area to

another using the association rules [1]. The measure of conf1-

dence of these rules denotes that probability.

black dots) in a depth from 0 to 40 m at the beginning of eaeh month

Start: AI‘boran Sea, year 2008, month 04, Current: year 2008, month 10
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2c) Multi-level dlrected graphs
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2b) Spatial Association Rules
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Each digraph from the period of 1999-2011 covers one month and has an associated transition
matrix of discrete time non-homogenous Markov process. Graph nodes (sea areas) represent the
states and the elements of matrix denote the probabilities of movements of particles (biological spe-
c1es) between the areas. We can obta1n the long term probabilities of movements by multiplying the
matrices sequentially 1n time.
The figures above show the hypothetleal distribution (in %) of Pelagla noctiluca (Soyphozoa)
‘which was observed in the Alboran Sea 1in April 2008, after six (left) and 12 months (rlght)

Spatial association rules in the whole domain of study form a multi-level directed graph
with the sea areas as nodes. The weights of the edges denote the probability of trans1tron
of particles between areas in a given time interval. |
Above graph was obtained by Fourier analysis of time series of edge welghts in the period
of 1999-2011. The values indicate the mean transition probability and the amplitude of
fluctuations (perrod of 12 months) around this mean, respectlvely |
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4) Conclusions

Association rules and multi-level directed graphs form a novel
and promising methodology in the spatial data-mining 1n
oceanography:

1) Takes into account the integration of various oceanographic
data and applications on these data

2) Implies the use of graph data mining [3] on resulting
graphs g
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