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climate diff for CWB&NCEP-PCP JAN climate diff for CWB&NCEP-PCP JUL
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cl’i?g,h?te diff for CWB&NCEP-T2M JAN climate diff for CWB&NCEP-T2M JUL
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Abstract

We aim at typhoon tracks by classifying them into El Nifio and La Nifia events. The tri-plots,
based on fractal dimension, originally for understanding the self similarity between two datasets, are used
to concentrate the different El Nifio/La Nifia event typhoon track characteristics. Those tri-plots
concentrated characteristics next classified by the smooth support vector machine (SSVM). After 10-fold
cross-validation, the training error is about 0.025 to 0.268 and the testing error is about 0.271 to 0.334. At
the same time, it is worth checking the classification in earlier/later half of the period of the individual EI
Nifio/La Nifia event by separating the original dataset into two parts. The training error of earlier half
period of event is about 0.128-0.315 and testing error about 0.349-0.399; the training error of later half
period of event is about 0.060-0.304 and testing error about 0.247-0.342. The half event results are worse
than the whole data event. Moreover, we can separate the individual typhoon track into first half and later
half two parts. The first half of track training error is about 0.021-0.271 and testing error about
0.277-0.355. The later half of track training error is about 0.027-0.312 and 0.246-0.378. The half track
results are similar to the whole track results, and the first half track results are better than the later half

track.

Keywords: fractal dimension, tri-plots, smooth support vector machine

1. Introduction

It is an important and meaningful work of the
typhoon track classification which can be used to
diagnose the atmospheric circulations and establish
typhoon databases. Some researches (Camargo et al.,
2007a; Camargo et al., 2007b; Lee et al., 2007) focused
on the different shapes or the clusters of the typhoon
trajectories. It means that they divide the typhoon
trajectories into several groups; for example, the
eastwestward movement typhoons, or the recurved
movement having more north-southward component
movement typhoons, or maybe the typhoons close to the
continent, or the typhoons trapped in some areas, etc. In
general, they describe typhoon tracks mostly based on
their intuition without too much theoretical support. The
method of Lee et al. (Lee et al., 2007) sliced the typhoon
tracks into different segments by different moving
directions, and used the minimum description length
(MDL) to cluster the typhoon tracks. The method of
Camago et al. (Camargo et al., 2007a; Camargo et al.,
2007b) followed Gaffney and Smyth (Gaffney and
Smyth., 1999) trajectory clustering with mixtures
regression models, and arranged the typhoon tracks into
seven clusters. The common point of these researches
regards every single typhoon track as one sequence. In
this work, we consider typhoon tracks by collecting the
typhoon cases for a period of time to find a global
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understanding of the typhoon data. We examine the
different spatio-temporal structures of typhoon tracks for
the classification.

In atmosphere, the most significant annual
circulation variation events are El Nifio and La Nifia.
When the EIl Nifio happened, the sea surface temperature
area will move to the central Pacific Ocean and that
definitely causes the typhoon generation area eastward
and changes the shapes of typhoon tracks. The purpose
of this study is to classify the typhoon trajectories in a
period of time into either EI Nifio or La Nifia event.

The method of tri-plots (Traina et al., 2001) is one
popular data mining tool to find the patterns and
relationship between two large-scale, multidimensional
datasets. The tri-plots are composed of two self-plots and
one cross-plot. In the comparison of two datasets through
tri-plots, the two self-plots find the patterns of two
individual datasets and the cross-plot finds the
relationship between the two datasets. Taking each El
Nifio and La Nifia event data in turn, we can depict the
distribution of each data cloud by self-plots and measure
the distance of two data clouds by cross-plots. We then
use the distances from cross-plots as the input for Isomap
(Isometric feature mapping) (Tenebaum et al., 2000) to
find low-dimensional embedding of the typhoon data.



After that, in the low dimensional space, the smooth
support vector machine (SSVM) with gaussian kernel
(Lee and Mangasarian, 2001) is used to classify the
typhoon data into El Nifio or La Nifia event.

2. Data

The typhoon track data that we discuss are from
Japan Meteorological Agency (JMA). The data recorded
the western Pacific ocean which covers the west of the
longitude 180E to the east of the 100E typhoon center
movements (positions) and other observation variables,
e.g., pressure, wind speed, etc. The data features in this
study include:

1. longitude,

2. latitude,

3. minimum pressure,

4. average high level (300 hPa) wind speed of the
typhoon center, and

5. topographical information.

We obtain the first three features from the JMA

database; while the last topographical information is
calculated to show how close the typhoon center is from
the continent. The point is: when typhoon touches the
land, the intensity will decrease dramatically or even
disappear. Typhoon cannot hold longer on the land, so it
will not penetrate into the land so far. In brief, if the
typhoon center is at land, we define the distance is equal
to 0. In contrast, the typhoon center is at sea, the
distances between the center and the land are calculated.
The fourth feature, the 300 hPa wind speeds are from
National Center for Environment Prediction (NCEP)
reanalysis-2 data. The 300 hPa wind speeds in here
regard as the steer direction of the typhoon movement
(Chan and Gray., 1982; Emanuel, 2005).
The El Nifio events and the La Nifia events are based on
Nifio 3.4 index by NOAA (National Oceanic and
Atmospheric Administration) . In order to use the NCEP
reanalysis-2 300 hPa data, we only focus on the time
events after 1980. There are seven El Nifio years and the
labels are set to be 1. In contrast, there are five La Nifia
events and the labels are set to be —1. We also have 10
neutral events which do not belong to either El Nifio or
La Nifa group. The number of labeled dataset is
relatively small. In some occasions, we chop the events
into sub-events so that we can obtain the result with
more statistical meaning.

3. Fractal dimension and Tri-plots

Traina et al. (2001) proposed the tri-plots based on
fractal dimension to calculate the distribution of
distances between two datasets points. The tri-plots
include three kinds of plot tools:

1. self-plot ( for dataset A ),

2. self-plot ( for dataset B ), and

3. cross-plot ( for two datasets ).

For two datasets A and B, the self-plot function and
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cross-plot function are defined as

q Cai?ZCai D
Self o(r) = log(— > )

and

CrOSSA'B(r) = |Og(é CA,i CB, i)
i

where C, i (Cg i) is the number of points from set A

(B) in the i-th cell, and r is the distance of the pairs of
points. Hence, the cross-plot (self-plot) function is
proportional to the count of A-B (A-A or B-B) pairs
within distance r, and the cross-plot (self-plot) is the
figure of the cross-plot (self-plot) function versus log(r).
If A is self similar, the self-plot of A is close to a straight
line and the slope is the intrinsic dimension of the set
which is correlated with thefractal dimension of the set
(Belussi and Faloutsos.,1995). In most situations, the
cross-plot and self-plot with log(r) are not linear, and we
can use regression method to determine the regression
lines. We use the line slopes to discuss the information
between the datasets A and B instead of the original data
points (Tseng et al., 2010). In this study, we only use the
self-plot to describe the individual typhoon track.
According to Tseng et al. (2010), the self-plot consists of
the slope and intercept of the regression line which
stands for the individual typhoon track. So, for one
typhoon track now can be represented as the (slope,
intercept), one coordinate on the plane. The more similar
two typhoon tracks are, the closer the two points of
(slope, intercept) from two typhoon track self-plots. In
brief, according to the property of tri-plots, we can
conclude to three points: (1) if two datasets are identical,
the two slopes of self-plots are same and one regression
line overlaps the other; (2) if two datasets have same
slopes but different intercepts, that means two datasets
have same intrinsic or fractal dimension but different
shapes, e.g., line and circle with same fractal dimension
and different shapes; (3) the more slopes variations
between two datasets, the more differences they have,
and we can use this to differentiate these two things.

4. The Results of Tri-plots Classification

The Study of Self-plots. As mentioned, the features that
we used in this study are longitude, latitude, minimum
pressure, u (300 hPa), v (300 hPa), and the topography
information. The slope and intercept based on self-plot
function is regarded as the point coordinates in a space.
Then, we plot all the annual El Nifio and La Nifia events
in 2-D, as shown in Figure 1. Basically, the ENSO points
(red points) and the La Nifia points (blue points in the
middle) are roughly separated into two groups. It is
interesting to take a close look of the point set in the
intercept verse slope space. In Figure 1a, we find that the
8688 on the top right and 9596 on the bottom left are two
extreme points (red points) and the La Nifia points (blue



points in the middle) are separated into two groups. The 8688
event locates around the large slope and intercept area;
on the contrary, the 9596 event are found around the
small slope and intercept area. After checking with the
original typhoon trajectories, we find that the number of
typhoon cases in 9596 is very few and the number of
cases is about 12 during this period of time in contrast to
other events. Meanwhile, the number of typhoon cases in
8688 event is in normal situation, but it belongs to ENSO
event and the typhoons seem to travel longer distances
than others. When we use the distance to calculate the
tri-plots, the longer distances we get, the larger slope we
have. This explains why the 8688 event has large slope
and intercept and the 9596 event has small slope and
intercept.

We can check the Figure 1a following the vertical
line with the same slope; for example, along the lines
slope = 2.85 and slope =3.1. There are two events, 9798
and 0203, located around the 2.85 slope; similarly, there
are two events, 8889 and 9800 located around the 3.1
slope. When we check the typhoon trajectories, it is easy
to find that the 8889 and 9800 events are very similar,
and the 9798 and 0203 events are very similar, too. As
we know, the slope represents the fractal dimension, and
the same fractal dimension of two data clouds implies
that they are self-similar. The different intercept but the
same slope depicts that there are still differences in real
geometrical shapes; for example, a line and a circle (or a
ring, i.e., without the inside part) have the same fractal
dimension but different shapes. Based on this, the
self-plot distribution can afford a tool for atmospheric
scientists to do cluster studies. On the other hand, we
plotted the slef-plots of neutral events in green points for
comparison in Figure 1b.

Next, we examine the results if the individual
event is separated into two equal period segments: earlier
period and later period. The results are shown in Figure
1c and Figure 1d. We can see the distribution of Figure
1d is similar to Figure 1la. The 9596 event locates in the
farther bottom left corner, and the positions of other
events are relative to Figure la. In contrast, the
distribution of the earlier half period of events is more
dislike than the distribution of whole period events or
half later period events. Following the idea of the
earlier/later segments, we can focus on the every typhoon
track and separate the track in half: first half and later
half parts. The first half and later half of track results are
shown in Figure 1d and Figure 1e. Qualitatively speaking,
the distribution of half tracks is not like whole events or
half events. However, we can see the 9596 and the 8688
events are still in the extremely positions. Somehow the
relative positions between different events seem to
follow the whole events. In here, the self-plots just help
us to realize the events qualitatively. We will know the
more distance between two event points, the more
dissimilarity they have. Next, we use the cross-plots to
establish the classifier and calculate the dissimilarity
quantitatively.
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The Study of Cross-plots. We would like to use cross
plots to separate two types of data, the El Nifio and the
La Nifia event typhoon trajectories. Based on the same
set of features, the output from the cross-plot functions
are regarded as the distances for the Isomap (Tenebaum
et al., 2000). In Isomap, we 1) construct a neighborhood
graph by linking each pair of events/points that qualify as
neighbors; 2) find the length of the shortest paths
between each pair of points and take them as the
approximation of their geodesic distances; and 3) take
the pairwise (geodesic) distances as the input and apply
Multidimensional Scaling (or MDS) to find the global
Euclidean coordinates of the points. Because there are
only 12 labeled events (seven El Nifio, five La Nifia) in
our study, it is not so meaningful to operate the Isomap
or the classification task based on such a small dataset.
We split the dataset from 12 events to 60 events by
chopping each of the original event into five smaller
sub-events. In here, we carefully chop the event so that
one typhoon case is still kept in the same event. We set
the intrinsic dimensionality (Tenebaum et al., 2000)
equal to five for Isomap, then classify the events by
SSVM in the embedded space produced by Isomap. As
shown in Table 1, the classification results are: training
error around 0.025-0.268 and the test error about
0.271-0.334, for different k’s for the nearest neighbor
choice.

As the previous discussion in the self-plots, we
separate the datasets into earlier half period of events,
later half period of events, earlier half of tracks, and later
half of tracks four types. Again we calculate the
cross-plots, ISOMAP, and SSVM to get the classification
results. Considering the half period of events, the
earlier/later half period of events are shown in Table 2
and Table 3. The best training error (testing error) of
earlier half period of events is 0.211 (0.349), and the best
training error (testing error) of later half period of events
is 0.060 (0.247). The later half period of events are easier
to be classified than the earlier half period. Even in the
training stage, the error rates of the earlier half period of
events are very high. This situation is similar to the
self-plots distribution. When considering the half
typhoon tracks (Table 4, 5), the best training error
(testing error) of earlier half of tracks is 0.041 (0.277),
and the best training error (testing error) of later half of
tracks is 0.063 (0.246). The results between half tracks
are not so obviously in contrast to half events. We can
get good training error rates even the testing error rate
are still high. In brief, all the experiments we can get
about 70% accuracy in testing.

5. Conclusions and discussions

In this study, we proposed the quantitative and
objective tools, tri-plots method, to distinguish the
differences between the different yearly typhoon track
events. In tri-plots, we afford a global view to see
different annual events by the self-plot distribution, and



the results indirectly imply no two El Nifio events are
identical. Besides, the tri-plots experiments tell us what
kind of features we probably should have them included
for the classification or for typhoon databases. We
believe that adding the high level winds or the
consideration of topographical effect should be included
in typhoon databases.

In cross-plots, the difference between any two
periods of typhoon tracks can be regarded as the distance
which can be used for ISOMAP analysis and the
following classification. After 10-fold cross-validation,
considering the whole events, the training error is about
0.025 to 0.268 and the testing error is about 0.271 to
0.334. When considering the classification in
earlier/latter half of the period of the El Nifio/La Nifia
events, the training error of earlier half period of event is
about 0.128-0.315 and testing error about 0.349-0.399;
the training error of later half period of event is about
0.060-0.304 and testing error about 0.247-0.342.
Somehow the half event results are worse than the whole
data events. Moreover, we separate the individual
typhoon track into first half and later half two parts. The
first half of track training error is about 0.021-0.271 and
testing error about 0.277-0.355. The later half of track
training error is about 0.027-0.312 and 0.246-0.378. The
half track results are similar to the whole track results,
and the first half track results are better than the later half
track. Based on the all evaluations, we have about 70%
accuracy on classifying the typhoon tracks belonged to
El Nifio or La Nifia events.

In the future, the tri-plots can be extended to other
traditional Meteorological data analysis like 500 hPa
anomaly score or flow pattern recognition. At the same
time, we use tri-plots to diagnose the typhoon track
ensemble prediction. The self-plots can be used for
determined the less ensemble members but the larger
spread of the tracks.
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Table 1: Error table of the SSVM based on
cross-plots and ISOMAP

k 5 6 7 8 9 10
SSVM

Training
0.268 0.032 0.116 0.025 0.033 0.027
error

Testing
0.334 0.271 0.358 0.289 0.320 0.327
error

Table 2: Error table of earlier half period of event by
SSVM based on cross-plots and ISOMAP

k 5 6 7 8 9 10
SSVM

Training
0.211 0.310 0.272 0.315 0.128 0.148
error

Testing
0.349 0.397 0.351 0.399 0.356 0.359
error

Table 3: Error table of later half period of event by
SSVM based on cross-plots and ISOMAP

k 5 6 7 8 9 10
SSVM

Training
0.283 0.304 0.182 0.084 0.104 0.060
error

Testing
0.372 0.324 0.308 0.294 0.302 0.247
error

Table 4: Error table of first half of track by SSVM based

on cross-plots and ISOMAP

k 5 6 7 8 9 10
SSVM

Training
0.271 0.041 0.086 0.004 0.021 0.039
error

Testing
0.338 0.277 0.355 0.290 0.318 0.322
error

Table 5: Error table of later half of track by SSVM
based on cross-plots and ISOMAP

Kk 5 6 7 8 9 10
SSVM

Training
0.312 0.161 0.161 0.063 0.098 0.027
error

Testing
0.378 0.251 0.310 0.246 0.250 0.293
error
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