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Abstract

A fast method for predicting typhoon tracks based on
historical data is proposed in this study. A typhoon
track database is built containing 44-year typhoon
data for China. Based on this database, typhoon
tracks similar to the current typhoon are identified via
the similarities of the key typhoon track points and
geographic information system (GIS) spatial analysis.
The central positions of typhoons after 24 and 48 h
are quickly forecasted according to these similar
tracks. The prediction results can be continuously
corrected by the latest position of a typhoon every 6 h.
Three typhoons are chosen to demonstrate the
predicted typhoon track and 103 typhoons in 10 years
are used to validate the accuracy of the prediction.
The results indicate that the computing time of the
prediction is less than 1 min and the accuracy of the
prediction is very close to the official prediction of the
China Meteorological Administration (CMA). This
method provides a quick and accurate reference for
predicting typhoons.
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Introduction

Typhoons often cause serious disasters. For example,
hurricane Katrina, which made first landfall in Florida,
U.S., in Aug. 2005, resulted in more than 1800 casualties
and property damages of 108 billion dollars®. Therefore,
precisely forecasting typhoon tracks as soon as possible
before they land is important for disaster prevention in
typhoon-influenced areas.

Since the 1990s, several well-known numerical models
have been widely used in typhoon forecasting such as the
regional model of the Geophysical Fluid Dynamics
Laboratory” **** (GFDL) and the global model of the U.K.
Met Office’ (UKMO). With the development of high-
performance computing, very fine numerical models can be
used and the accuracy of typhoon track prediction based on
numerical analysis has greatly improved™ ' ** %!, To date,
numerical analysis has become the main method for
operational typhoon track prediction® %.

However, the accuracy of typhoon track prediction based
on numerical analysis relies on the theoretical model of the
typhoon. The tracks of typhoons are determined by a
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number of factors and a common numerical model for all
typhoons still requires further study™®?. Therefore, suitable
track prediction models for different typhoons need to be
developed according to typhoon characteristics and
professional experience?, leading to a complex process of
modelling in the numerical analysis of typhoon track
prediction.

In addition, the numerical analysis of typhoon track
prediction requires the support of high-performance
computers. Many countries use high-performance
computers for official typhoon predictions® e.g. the
European Centre for Medium-range Weather Forecasts
(ECMWEF) uses a supercomputer with 544 computational
nodes (32 4.7 GHz CPUs in each node). For accurate
results, ultra-high-resolution analyses are often applied in
the prediction of typhoon tracks. These numerical analyses
are very time-consuming®?. For example, a 5-day
typhoon track prediction will cost more than 3700 sec using
NASA’s Columbia supercomputer'. Massive-scale and
high-resolution numerical analysis is one of the reasons to
adopt 6-h time interval to release the official typhoon
prediction'” %,

In contrast to the numerical prediction method, typhoon
track prediction based on the similarity methods is a simple
and fast solution. On one hand, similarity methods solve
current problems by selecting suitable cases from the
existing data and do not focus on the reasons for the current
problems®. Therefore, typhoon track prediction using the
similarity method® only requires the historical data of
typhoon tracks and does not rely on the complicated
prediction model. On the other hand, typhoon track
prediction based on the similarity method can obtain the
results in several minutes, or even a few dozen seconds,
with a desktop computer, which is far less expensive than
supercomputers. Additionally, the prediction results based
on the similarity method can satisfy the accuracy demanded

for practical applications™®*°.

Therefore, typhoon track prediction based on the similarity
method can provide earlier prediction results to supplement
the official typhoon prediction based on numerical analysis
and can provide an earlier warning time for disaster
prevention and mitigation. Moreover, prediction based on
the similarity method is a necessary backup solution when
numerical analysis is not satisfied, e.g., at local weather
stations that have no supercomputers or when
supercomputers break down. Due to the complexity of
typhoon tracks, prediction based on the similarity method
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can also be used for comparison with numerical prediction
for a more reliable prediction.

Recently, the typhoon studies based on the geographic
information system (GIS) have developed rapidly.®?*%°
Although the powerful spatial analysis function in GIS
provides efficient technical support for typhoon track
prediction based on the similarity method, the track
prediction studies based on GIS and similarity method are
still limited 2 2" 3°. Moreover, these studies only focus on
the similarity in space or in time separately, without the
integration of space, time and other properties. Note that
typhoon tracks are determined based on the integrated
effects of various factors, so predictions involving a single
factor are inaccurate.

Therefore, considering the integrated effects of space, time
and other factors, this study uses the similarities of key
points of typhoon tracks to find typhoons with similar
tracks. Based on historical data, a fast prediction method
for typhoon tracking and a corresponding correction
method are proposed. This study aims to provide an
accurate and quick method for typhoon track prediction to
enable disaster prevention and mitigation to be carried out
as soon as possible.

Typhoon track prediction based on the similarity
method

Identify similar typhoon tracks: Similar typhoon tracks
represent similar reasons for typhoon movement, so similar
tracks can be used to forecast the future tracks of current
typhoons®. Therefore, identifying similar tracks is the first
step in typhoon track prediction based on the similarity
method. The similarity of typhoon tracks can be evaluated
by the distance between typhoon tracks™. The shorter is the
distances between typhoon tracks, the more similar they
are. However, evaluating the distance between typhoon
tracks is difficult, so a method based on the similarities of
key points of typhoon tracks is proposed to find similar
tracks as follows:

1) Searching for similar typhoons: The China
Meteorological Administration (CMA) has three criteria for
identifying similar typhoons: geographical position
similarity, seasonal similarity and moving speed similarity”.
This work integrates these three criteria to identify similar
typhoons on the GIS platform. First an overlap analysis of
the shapes, direction and spatial relation of the tracks is
adopted to search for typhoons that meet the similarity
criteria of geographical position and moving speed. Then
the temporal properties of the selected typhoons are
searched to find typhoons that meet the similarity criterion
of season. That is to say, in the selected typhoons via the
overlap analysis, those whose generation time is within one
month before or after the current typhoon will be
considered as season-similar in this work.

Using the buffer zone in GIS is a good method for
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searching for similar tracks from a large database of
historical typhoons'®. In this study, the buffer circles take
the recording points of the current typhoon as centres. Only
typhoon tracks within the range of buffer circles of the
current typhoon will be searched to find a similar typhoon
track which will efficiently reduce the search time,
allowing the process of searching for similar typhoons to be
completed in several seconds.

2) Calculating the similarity indexes of key points:
Because a historical typhoon may have several recording
points in the same buffer circle, the recording point of the
historical typhoon that is the nearest the centre of the buffer
circle is defined as the key point. Define the distance
between the key point of the historical typhoon and the
recording point of the current typhoon, which is d. The
radius of buffer circle is r. Thus, the similarity index of key
points in historical typhoon track S, can be expressed as

eq. (1).

d 2
Sl =1-|—
(7]

3) Calculating the similarity indexes of historical
typhoons: The similarity indexes of historical typhoons are
based on the similarity indexes of key points. With the
assumption that there are m key points in the historical
typhoon track, the similarity index of this historical
typhoon track and current typhoon track is calculated as in

eq. (2):

s/
74 @

Sl is the criterion for identifying similar tracks and ranges
from O to 1. If Sl is close to 0, the track of the historical
typhoon is not similar to the current track; if Sl is close to
1, the two tracks are very similar.

@)

Prediction of typhoon tracks: Although similar typhoon
tracks are identified by the above method, deciding how to
forecast the future track of a current typhoon using these
similar tracks is still a question. Lu™ ranked the historical
tracks in descending order by similar degrees and then took
the following positions of the most similar track as the
future positions of the current typhoon. However, this
method only takes the most similar track into account and
may result in significant errors. For example, some hours
later, the most similar track may not be similar to the future
track of the current typhoon, while other tracks may
become more similar to the future track. Therefore, this
study proposes a more accurate prediction method that
involves more similar tracks.

1) Selecting the reference points: Forecasting the future
positions of a current typhoon requires selecting the
suitable recording points of similar tracks as reference
points. However, the moving speeds of the similar tracks
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are not identical to the current typhoon. Because the
moving speed of the typhoon will influence the time
interval of the key points, this study chooses the recording
point at the time shown in eq. (3) as the reference point.

t, =t+ (Atl-z +At2-3)

®3)
where t is the time corresponding to reference points and t
is the current time. Defining the latest three key points of a
similar track as Hy, Hyand Hg, respectively, At , represents

the time interval between H; and H, while At,, represents
the time interval between H, and Hs.

The time interval between the adjacent recording points is
generally fixed to be 6 h. As figure 1 shows, Py, P, and Ps
are the recording points of 12 h ago, the recording point of
6 h ago and the current recording point respectively. In the
current track. H;, H, and H; are the key points in a
historical typhoon track, corresponding to Py, P, and P; (i.e.
the closest points in a historical typhoon track to P;, P, and
P3). By searching the time properties of H;, H, and Hs,
At , and At,, are both equal to 12 h. In figure 1, one more

point exists between H; and Hy; this indicates that the time
interval between H; and H, is 12 h and the moving speed of
this historical typhoon is approximately half the moving
speed of the current typhoon. Therefore, according to eq.
(3), the recording point of 12 h later will be selected as the
reference point for forecasting the future position of 6 h
later.

0. ®
0.0° ° 0°

’ L
M,

° .
Reference point

=+ Recording points of the current typhoon;

OReference point for prediction of 6 h later;
e Recording points of the historical typhoon;
e Key points of the historical typhoon.

Fig. 1: The method to select the reference points for
prediction

2) Forecasting the future position: According to the
reference points of similar typhoon tracks, the future
position of the current typhoon is calculated by eq. (4) as
follows:
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T=YwT,

i=1

G =3 WG,

i=1

(4)

where 13and G represent the longitude and latitude of the
future position, respectively. Ti and G; are the longitude and
latitude of the reference point in the i similar track. W; is
the weight of the i similar track in the prediction. Defining
the total number of similar tracks as n, W; can be calculated
by using the similarity indexes Sl; of the i similar track
dividing the sum of all similarity indexes of similar tracks,
as shown in eqg. (5):

s,

o,
i=1

3) Correction of the prediction: As the position of the
current typhoon is continually updated, the prediction
results need to be corrected concurrently. In this study, the
new future position is forecasted again according to the
latest position of the current typhoon. The average position
of the new prediction results and the previous prediction
results is calculated using eq. (6) and this average position
will be adopted as the corrected prediction result.

I:1+At = (R+At (t) + I:3+At (t_At))/ 2

W

Q)

(6)

where t is the current time and At means the fixed time
interval of recording points. P, ,, is the future position in t
+ At. P, (t) represents the future position in t +At
obtained by the current reference points at t, while
P, . (t-At)) represents the future positionint + At obtained

by the previous reference points att - At.

Implementation based on GIS

This study collected the textual data of 1,020 typhoon
tracks that influenced China within 44 years from 1949 to
2004 and transformed the data into vectorial data (i.e.
shapefile data) to build a database of typhoon tracks. This
database stores the longitudes and latitudes of recording
points every 6 h as well as the recording time, the moving
speed, the central air pressures and other properties. The
database has a total of 39,606 recording points as shown in
figure 2.

According to the above prediction method of typhoon
tracking, this study develops a prediction program on the
ArcGIS Engine platform. The technical flow of this
program is shown in figure 3. As long as the track data of
the current typhoon are available, the program can perform
the track prediction automatically.
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Fig. 2 : All typhoon tracks in the database
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Fig. 3: Flow chart of the prediction method in this work

Validation of the proposed method

From the typhoon database, three typhoons in 1981, 1986
and 2007, which are referred to as 8104, 8613 and 0716
respectively, were randomly selected to validate the
proposed track prediction method. Using the proposed
method, the positions of these three typhoons after 24 h and
48 h were forecasted as shown in figure 4.

Figure 4 indicates that the three prediction tracks match the
actual tracks. The predicted positions and errors of the three
tracks above are shown in table 1. From table 1, it can be
found that the prediction results at 24 h are very accurate,
e.g. the minimum error is 15 km, while the maximum error
is merely 131 km. Meanwhile, the errors of the prediction
result at 48 h are also less than 207 km. In the official
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typhoon track prediction of CMA in recent years* %, the
average prediction error at 24 h is approximately 119 km
and the average prediction error at 48 h is 205 km.
Therefore, the prediction results of this work are accurate in
general.

The computing time of track prediction is related to the
number of similar tracks. The more similar tracks there are,
the longer the computing time is. As table 1 shows, the
number of similar tracks is far less than the total number of
tracks in the typhoon database. When the maximum
number of similar tracks is 96 (Table 1), the total
computing time of the prediction is less than 1 min on a
desktop computer (CPU: 2.0 GHz; Memory: 1GB).
Therefore, this prediction method is low cost and efficient.
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* Prediction positions; @ Actual positions;
e Recording points of the current typhoon; O Average prediction errors by CMA
Fig. 4: Prediction result of the three typhoons

Table 1

Prediction of the three typhoons

Number of typhoon

Number | Prediction Prediction Actual Prediction Number Ratio of similar
of time position position error of similar tracks in total
typhoon /h /° /° /km tracks tracks
/%
24 (N22.4,E122.4) | (N22.9, E122.6) 56
8104 48 (N24.8,E122.3) | (N26.2, E122.2) 151 58 4.83
24 (N15.9,E126.7) | (N16.0, E126.8) 15
8613 48 (N18.4,E123.3) | (N16.8, E122.3) 207 55 4.58
0716 24 (N19.2,E127.4) | (N20.1, E126.6) 131 96 7.99
Table 2
The time distribution of the selected typhoons
Year 1981 | 1985 | 1986 | 1987 | 1989 | 2001 | 2003 | 2004 | 2005 | 2007
Sample number | 10 10 12 8 10 13 10 12 9 9
m 24 hours case
400 e 48 hours case
Average error
" by this work
° i __. Average error
° ° L P by CMA
ano— .. 0:. .l..o :’0 .‘ ¥ ‘-'0 o® N ..'.
= 'I o®® = e,® o o*, -
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Fig. 5: The error distribution of track prediction for 10 years of typhoons
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To validate the accuracy of the prediction method, a total of
103 typhoon tracks were selected for the prediction of
tracks from 10 years of data as per table 2. The average
error of predictions at 24 h is 132 km, while the average
error of predictions at 48 h is 266 km, as shown in figure 5.

From figure 5, it can be found that the prediction results by
the method in this study are close to the accuracy of the
official prediction results of CMA. Note that the prediction
method in this work does not rely on a supercomputer and
does not take much computing time. Therefore, this method
provides an accurate and fast reference for decisions
regarding typhoon disaster prevention.

Conclusion

Using the similarities of key points proposed in this work
and the spatial analysis of GIS, this study proposed a
prediction model of typhoon tracks based on historical
typhoon data and the corresponding correction method.
This study selected typhoon tracks within a period of 10
years to validate the prediction accuracy. The results
indicate that the accuracy of this method is close to the
official prediction of CMA. Moreover, the study cases
prove that this method can obtain the results quickly
without relying on supercomputers and is thus a low-cost
and efficient prediction method. This study provides an
accurate and fast method for typhoon track prediction that
can help disaster prevention to be implemented as early as
possible.
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