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A new methodology combining data mining technology with statistical methods is proposed for the prediction of tropical cyclones’
characteristic factors which contain latitude, longitude, the lowest center pressure, and wind speed. In the proposed method, the
best track datasets in the years 1949~2012 are used for prediction. Using the method, effective criterions are formed to judge whether
tropical cyclones land on Hainan Island or not. The highest probability of accurate judgment can reach above 79%. With regard to
TCs which are judged to land on Hainan Island, related prediction equations are established to effectively predict their characteristic
factors. Results show that the average distance error is improved compared with the National Meteorological Centre of China.

1. Introduction

Typhoon is a kind of tropical cyclones (TCs), the center-sus-
tained wind speed of which arrives at level 12 to level 13
(typhoon is not distinguished from TC in this paper unless
specially emphasized). Hainan Island (108°37'E~111°05'E,
18°10'N~20°10'N) in China is well known as “typhoon corri-
dor” According to the historical data analysis of TCs landing
on Hainan Island, the yearly and the monthly statistical
results are shown in Figures 1 and 2, respectively. (Note: in this
paper the condition to determine whether a typhoon lands or
not is that the minimum distance between the typhoon center
and Hainan Island is no more than the preset influencing
radius, which is 300 km herein). Thus the frequency of TCs
landing on Hainan Island is very high. Besides, typhoon ranks
at the top among all kinds of disasters on Hainan Island.
Taking the typhoon “Damrey” as an example, in 2005, it
destroyed 18 cities of Hainan and affected up to 6.305 million
people among whom 21 persons were killed. The direct eco-
nomic loss reached 12.1 billion RMB [1]. Therefore, the timely
and accurate forecast of TCs is very important for disaster

prevention on Hainan Island. It can also effectively reduce the
damage and loss caused by the TC when it happens.

The main methods for traditional TC forecast contain
statistical methods and dynamic methods, most of which
are along with complicated processes or lower precision. The
statistical methods use the historical TCs’ positions, intensity,
and so on to predict TC’s characteristic factors, such as fuzzy
multicriteria decision support model [2], conditional non-
linear optimal perturbation, first singular vector, ensemble
transform Kalman filter [3], back propagation-neural net-
work [4], adaptive neural network classifier using a two-layer
feature selector [5], and a support vector machine using data
reduction methods [6]. Dynamic methods are mainly based
on numerical forecast, such as a simplified dynamical system
based on a logistic growth equation (LGE) [7], a regional
coupled atmosphere-ocean model [8], the PSU-NCAR Meso-
scale Model version 5 [9], and the GFDL 25-km-Resolution
Global Atmospheric Model [10]. Taking three main predic-
tion centers, for example, the average distance error of 24/48
hours’ forecast by the USA National Hurricane Center (NHC)
is 106/187 km, which is 125/243 km for Japan Meteorological
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FIGURE 2: The monthly statistical result.

Agency (JMA) and 120/215km for National Meteorological
Centre of China (NMCC) [11]. Zhang et al. compared
the monitoring data from HY-2 and QuikSCAT’s satellite
scatterometers with the actual typhoon data from ground
observation. The result shows that the deviations of typhoon
path and intensity are large and their standard deviations
are also very big [12]. Therefore, although there are many
typhoon forecast methods in use at present, their precision
still cannot meet the need for real-time typhoon warning.
By using data mining technology in combination with
statistical methods, a new TC forecast method based on the
historical data is proposed in this paper. Firstly, the region
where typhoon centers were located 48 (or 72 as a compar-
ative experiment) hours before landing on Hainan Island is
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divided into five (or a number of {1, 3,7} as a comparative
experiment) areas using K-means clustering algorithm. Then
the TC landing criterion of each area is formed by classifi-
cation and regression trees (CART). Further, prediction sum
of squares (PRESS) algorithm and its progressive optimal
algorithm are applied to optimize forecast factor sets. Finally,
part of the historical data is used to establish prediction
equations by multiple linear regression model (MLRM) and
the accuracy of these equations is examined by the remaining
historical data. All results show that this methodology is more
accurate compared with present existing forecast methods.

2. Data and Methodology

2.1. Data. Data used in this research is based on TCs” best
track datasets of the years 1949~2012 in the northwestern
Pacific waters (including the South China Sea, northern of the
equator, and western of 180°E) [13], which are derived from
the TC information center of China Meteorological Admin-
istration (CMA) (http://tcdata.typhoon.gov.cn/). CMA best
track datasets contain 2172 TCs, which in total have 62663
observation points. Every observation point may provide
information as follows: the observation time, strength grade,
latitude, longitude, the lowest center pressure (hereinafter
referred to as air pressure), 2-minute-average-near-center-
maximum wind speed (hereinafter referred to as wind speed),
and average wind speed in 2 minutes. Because the aver-
age wind speed in 2 minutes of most observation points
cannot be obtained, strength grade (SG), latitude (LAT),
longitude (LON), air pressure (AR), wind speed (WS), lati-
tude migration velocity (LATMV), and longitude migration
velocity (LONMYV) are selected as seven predictors (here-
inafter referred to as observation point information). Current
LATMYV and LONMYV can be calculated using the following
method.

Set the moments of current observation point and pre-
vious two observation points as (E,, N,), (E,_;,N,_;), and
(E,_5> N,_,), respectively (where E is on behalf of longitude
and N is on behalf of latitude). Then the LONMYV and
LATMV of the current observation time are LONMYV, and
LATMV,, which are calculated as

1 _
LONMYV, = ER- {cos ! [costh -cos (E;, —E,_;) + sinth]
~sgn (E, - E,_,)
+cos [coszNH -cos (E,_; — E,_,)
+ sinZNt_l]

~sgn (E,_y — Et—Z)} X6,
)

{(Nt B Nt—l) + (Nt—l B Nt—Z)}
6

LATMYV, = %R~
(2)
R- (Nt - Nt—Z)
12 ’
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FIGURE 3: The curve fitting of the outer boundary of Hainan Island.

where R is the mean radius of the Earth with the value of
6370.856 km; sgn(x) represents the sign function; the unit of
LONMYV, and LATMV, is km/h.

2.2. Methodology. As mentioned in the Introduction, a land-
ing TC is defined as a TC that the minimum distance between
the typhoon center and Hainan Island is no more than the
preset influencing radius. Hence, in order to distinguish TCs
between landing and not landing on Hainan Island, the mini-
mum distance between each TC’s track and the outer bound-
ary of Hainan Island needs to be calculated according to CMA
best track datasets. Due to the variety of TCs’ tracks, applying
general curve-fitting directly does not provide a good result.
Therefore, polynomial fitting [14] is applied in this paper
where an intermediate variable is introduced to conduct
curve-fitting with the latitude and longitude, respectively.
Taking an arbitrary TC, for example, the specific fitting effects
are shown in Figures 3 and 4. Using the fitting polynomials of
each TC’s and the outer boundary of Hainan Island’s latitude
and longitude with respect to the corresponding intermediate
variables, the distance between any point of each TC’s track
and any point on the outer boundary of Hainan Island can
be calculated, from which the minimum distance can be
selected. The great circle distance (GCD) between any two
points on the Earth can be calculated using formula (3). The
GCD is the shortest distance between any two points on the
Earth. Set any two points on the Earth as d,(E,, N;) and
d,(E,, N,) and the GCD is

|d,d,| = R - arccos [cos N - cos N, - cos (E; — E,)
3)

+sin Nj - sin N, ] .

The time intervals used to forecast TCs by three main
prediction centers (NHC, JMA, and NMCC) are 24, 48, and
72 hours. In order to forecast TCs in a timely manner and
compare forecast accuracy among different methods, here
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the region where TCs centers were located 48 hours before
they landed on Hainan Island (shown in Figure 5) is selected
as research object. In order to narrow the research scope, K-
means clustering algorithm [15, 16] is applied to divide the
region where TCs’ centers were located 48 hours before they
landed on Hainan Island into five areas. In this section the
situation, in which the region where TCs’ centers were located
48 hours before they landed is selected as research object and
the research object is divided into five areas, is taken as
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an example for a convenient statement. Other situations of
a comparative experiment are also conducted in Section 3.3.

For each of the five areas, all the observation points of
both landing and not landing TCs which entered into this
area are filtrated. With strength grade, latitude, longitude, air
pressure, wind speed, latitude migration velocity, and longi-
tude migration velocity as classification properties, the TC
landing criterion of each area is formed by using CART algo-
rithm [17, 18]. The flow diagram of forming landing criterions
is shown in Figure 6.

For TCs which are judged to be landing on Hainan
Island, PRESS and its progressive optimal algorithm and
MLRM can be used to forecast TCs  characteristic factors
(including latitude, longitude, the lowest center pressure,
and wind speed). Forecasts in this paper contain landing
prediction pattern and dynamic prediction pattern. Landing
prediction pattern is defined as employing the observation
point information of those points which first enter into any
area to predict the characteristic factors when TC lands.
Dynamic prediction pattern is defined as 24 hours’ and 48
hours’ prediction with respect to the observation point which
enters into any area. The flow diagrams of landing forecast
pattern and dynamic forecast pattern are shown in Figures 7
and 8, respectively. Here PRESS [19] and its progressive
optimal algorithm [20, 21] are used to select the best forecast
factor set from seven predictors which will be used to
forecast corresponding characteristic factor. MLRM [22] is
used to establish corresponding forecast equations. MLRM is
expressed as [23]

Vi =Po+ Pixi + PoXip + o+ PuXim &

(l: 172)"' )n))

(4)

where y; is the estimated value, 3, ~ f3,, is the regression coef-
ficients, ¢; is the random error, and x;;, ~ x;,, are the forecast
factors of the observation point.
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TABLE 1: The geometric centers and scopes of five areas.

Area number Longitude Latitude Radius
Unit: °E Unit: °N Unit: degree
1 118.4511 15.2845 2.7902
2 113.1435 14.9623 3.1706
3 116.9517 20.8023 3.3048
4 123.9859 14.4951 2.7098
5 122.6830 18.5854 2.8346
TaBLE 2: The number of OPs in five areas.
Number of Number of not The ratio of
Area number landing landing landing
Z) (Z,) Z,/(Z, + Z,)
1 537 1031 34.25%
2 855 1389 38.10%
3 788 1514 34.23%
4 378 1070 26.10%
5 340 1419 19.33%

3. Results and Discussions

In this section, the situation, in which the region where TCs’
centers were located 48 hours before they landed is selected
as research object and the research object is divided into five
areas, is firstly researched. Other situations of a comparative
experiment, in which the research object may be the region
where TCs’ centers were located 72 hours before they landed
and the number of areas of divided research object may be
any number of {1, 3, 5, 7}, are also discussed at the end of the
section.

3.1. Dividing the Research Region into Five Areas. K-means
clustering algorithm is used to divide our research region into
five areas as described in Section 2.2, of which the geometric
centers and scopes are shown in Table 1. With respect to each
area, all the observation points of both landing and not land-
ing TCs which entered into this area are filtrated. The posi-
tions of these observation points are shown in Figure 9 and
are used to form TCs landing criterions. The numbers of
these observation points (OPs) for both landing and not
landing TCs are shown in Table 2. The division of five areas
further narrows the research scope and makes the selection
of the observation points more pertinent so as to form the
effective landing criterions, which will be illustrated further
in Section 3.3.

3.2. The Formation of Landing Criterions in Five Areas.
According to the CART algorithm, the landing criterions
in five areas are shown in Figure 10 (refer to Section 2.1
for the meaning of seven predictors). The corresponding
probability of accurate judgment (P,;), probability of false
alarm (Pp, ), and probability of false dismissal (Py,) are shown
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in Table 3. Set the numbers of OPs for landing and not landing
TCs in any area to be Z, and Z,, respectively; the number
of OPs which are judged to be landing according to landing

criterions when they landed truly is denoted as M, and the
number of OPs which are judged to be not landing according
to landing criterions when they did not land truly is denoted
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TABLE 3: Py, Py, and Py, of each criterion.

Area number Py Py Pp

1 74.68% 17.94% 39.48%
2 75.31% 15.55% 39.53%
3 77.50% 11.76% 43.15%
4 66.23% 36.54% 25.93%
5 79.76% 16.49% 35.88%

TABLE 4: The labels of different situations.

as M,. Then P,j, Py, and Py of this area are calculated as
follows:

M, +M, Z, - M,
By=%z, =T
11T 4, 2 5)
5
Z, - M,
Ppp = ———.

Z,

Ti Nu Label of corresponding situation
48 1 FE1
48 3 FE3
48 5 FE5
48 7 FE7
72 1 ST1
72 3 ST3
72 5 ST5
72 7 ST7

3.3. Other Situations as a Comparative Experiment. In Sec-
tions 3.1 and 3.2, the region where TCs centers were located
48 hours before they landed is selected as research object and
the research object is divided into five areas. In this section
other situations as a comparative experiment are researched



TABLE 5: Py}, Py, and Py, for each of the remaining seven situations.

(a) Paj, Ppa, and Pgp of each area for FEI

Area number Py Py Py
1 0.7884 0.0696

(b) Pyj, P, and Ppp of each area for FE3

Area number Py Ppa Py

1 0.7454 0.1139 0.5191
2 0.7636 0.1875 0.3054
3 0.7829 0.0446 0.7814

(c) Pyj, Pp, and Pypy of each area for FE7

Area number Py Ppy Py

1 0.8522 0.0154 0.8414
2 0.7486 0.1991 0.3959
3 0.7302 0.1808 0.4176
4 0.7719 0.1165 0.4398
5 0.7236 0.0740 0.6735
6 0.7834 0.1512 0.2975
7 0.7631 0 1

(d) Pyj, Ppp, and Ppp of each area for ST1

Area number Py Py Py
1 0.8164 0.0412

(€) Paj, Ppa, and Pyp of each area for ST3

Area number Py Py Pip

1 0.8320 0.0677 0.5877
2 0.7396 0.2062 0.3462
3 0.8270 0 1

(f) Paj, Ppy, and Ppp of each area for ST5

Area number Py Ppy Pip

1 0.8284 0 1

2 0.7613 0 1

3 0.7566 0.1590 0.3564
4 0.8596 0 1

5 0.8281 0.0678 0.5813

(g) Pajs Ppa» and Ppp of each area for ST7

Area number Py Py Py

1 0.7874 0 1

2 0.7020 0.1664 0.4723
3 0.8799 0.0118 0.8777
4 0.8358 0 1

5 0.8537 0 1

6 0.7761 0.0955 0.5047
7 0.7407 0.1028 0.6720

and compared with each other. Finally, we select the situation
which produces the best result.

In order to distinguish different situations, the labels of
them are denoted in Table 4, where the parameter Ti is used to
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TABLE 6: The Index for each of eight situations.

Label of corresponding situation Index
FE1 0.6750
FE3 0.6659
FE5 0.7026
FE7 0.6625
ST1 0.6297
ST3 0.6572
ST5 0.6391
ST7 0.6231

illustrate the research object is the region where TCs centers
are located. Ti hours before they landed on Hainan Island; Nu
denotes the number of areas of divided research object.

It can be seen from Table 4 that FE5 is the situation which
has been researched in Sections 3.1 and 3.2. The remaining
seven situations are researched as follows using the methods
which are identical with FE5.

The Py}, Pgy, and Py, of each area for each of the remain-
ing seven situations can be calculated according to formula
(5), the results of which are shown in Table 5.

In order to select the best of these eight situations in
Table 4, an evaluation method is introduced, with which the
Index of each situation is calculated, where Index is defined
according to formula (6). For any situation, N denotes the
number of areas of divided research objectand Py ;, Py, ;> and
Prp ; denote the Pyy, Py, and Py, of the ith area, respectively.
Consider the following:

2

1Y 11 3 N
Index = N;\/[EPﬁlﬁl—o(l—PpA;) +§(1_PFDJ)

(6)

It is obvious that the higher the Index is, the better the
result of the landing criterions on the whole is. The Index
for each of eight situations is shown in Table 6. The situation
FE5 shows the best result, which also illustrates that the
research scheme in Sections 3.1 and 3.2 is better compared
with other situations. Finally, situation FE5 is selected to form
the landing criterions.

3.4. Forecast of TCs’ Characteristic Factors

3.4.1. Landing Prediction Pattern. The landing forecast pat-
tern is defined as follows: obtaining the observation point
information (seven predictors) when landing TCs™ centers
first enter into any area, which can be used to forecast the
characteristic factors (LAT, LON, AP,and WS) when TCs land
on Hainan Island. The flow diagram is shown in Figure 6.
Taking area 1, for example, the OPs of historical landing TCs’
centers when they first entered into area 1 are shown in
Figure 11 and the tracks of historical landing TCs which
passed through area 1 are shown in Figure 12.

Dividing the historical landing TCs passing through each
area into two groups with the same number, one group of TCs
is used to establish prediction equations and the other group
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is used to test the accuracy of these equations. The results of
testing of these prediction equations for TCs which passed
through each area are shown in Table 7. Making use of the
actual and predicted longitude and latitude of TCs centers,
in combination with the formula (3), the calculated mean
and standard deviation of GCD in the landing prediction
pattern are shown in Figures 13 and 14, respectively. Averaging
the results of five areas, it can be obtained that the average
of the mean/standard deviation (SD) of GCD is 144.6382/
97.8740 km. In [24], Yu et al. analyze the average GCD error of
48 hours’ forecast in the South China Sea, which is 222.6 km.
Therefore, the landing prediction pattern proposed in this

The mean of GCD for each area in landing prediction pattern
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FIGURE 13: The mean of GCD for each area in landing prediction
pattern.
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FIGURE 14: The standard deviation of GCD for each area in landing
prediction pattern.

paper shows good prediction accuracy. For TCs which are
judged to be landing on Hainan Island, as long as the obser-
vation point information when their centers first enter into
any area are obtained, the corresponding forecast equations
can be used to predict characteristic factors when they land.

3.4.2. Dynamic Prediction Pattern. The dynamic prediction
pattern is using the current observation point information
to conduct 24 hours’ and 48 hours forecast, which is also
illustrated in Figure 8. There are two different forecast models
in dynamic prediction pattern that are described as follows.

Forecast Model 1. It is to obtain the current observation point
information (seven predictors) when landing TCs’ centers
enter into any area for the first time, making use of which to
conduct 24 hours’ and 48 hours’ forecast.
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The mean of GCD for 24 hours’ forecast in each area
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(a) The mean of GCD for 24 hours’ forecast of two forecast models
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The standard deviation of GCD for 24 hours’ forecast

in each area using forecast models 1 and 2
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I Forecast model 2

(b) The standard deviation of GCD for 24 hours’ forecast of two forecast
models

F1GURE 15: The mean/standard deviation of GCD for 24 hours’ forecast of two forecast models.

The mean of GCD for 48 hours’ forecast in each area
using forecast models 1 and 2
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(a) The mean of GCD for 48 hours’ forecast of two forecast models

The standard deviation of GCD for 48 hours’ forecast

in each area using forecast models 1 and 2
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The standard deviation of GCD (km)
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Bl Forecast model 1
I Forecast model 2

(b) The standard deviation of GCD for 48 hours’ forecast of two forecast
models

FIGURE 16: The mean/standard deviation of GCD for 48 hours’ forecast of two forecast models.

Forecast Model 2. It is to obtain the current observation point
information (seven predictors) when landing TCs’ centers are
in any area (not necessarily enter into any area for the first
time), making use of which to conduct 24 hours’and 48 hours’
forecast.

In the process of actual prediction, for TCs, which are
judged to be landing on Hainan Island, the observation point
information when their centers enter into any area for the first

time and the established equations in forecast model 1 are
used to conduct dynamic prediction. Furthermore, the obser-
vation point information when TCs’ centers are in area (it is
not necessary that TCs’ centers enters into this area for the
first time) any area and the established equations in forecast
model 2 can be used to conduct dynamic prediction.

Similar to Section 3.4.1, the historical observation points
that meet the corresponding requirements in corresponding
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TABLE 7: Prediction results in landing prediction pattern.
The mean/SD of LAT The mean/SD of LAT The mean/SD of AP The mean/SD of WS
Area number deviation deviation deviation deviation
Unit: °N Unit: °E Unit: hpa Unit: m/s
1 0.9849/0.8671 0.7264/0.6404 9.2889/6.7882 5.9540/4.3839
2 0.5268/0.6009 0.8677/0.8973 7.9946/6.5339 5.3036/3.8997
3 0.9710/0.7805 0.6340/0.7711 10.6941/8.3758 7.0915/5.2637
4 1.1537/0.8640 0.7150/0.6162 10.3463/6.1761 6.8151/4.7498
5 1.1152/0.6941 0.6728/0.7103 12.1138/8.5744 8.0403/5.3759
TaBLE 8: The results of testing forecast model 1 and forecast model 2.
Forecast model The mean/SD of The mean/SD of The mean/SD of The mean/SD of
Forecast hour Area number (Lor2) LAT d.evi"ation LON d.eviation AP d.eviation WS d'eviation
Unit: ‘N Unit: 'E Unit: hpa Unit: m/s
1 0.8128/0.6515 1.0295/0.7600 4.9278/3.9733 3.7787/2.8858
2 0.7004/0.5153 0.8802/0.7011 5.4114/4.3187 3.9637/2.9843
1 0.9131/0.5832 0.9864/0.7794 6.3412/4.4247 3.8268/2.7857
2 0.7538/0.6538 1.0050/0.8670 4.9175/4.9673 3.8487/3.0261
24h 1 0.7555/0.5945 1.0528/0.9093 7.8149/6.9316 4.7342/4.1782
2 0.7727/0.6183 0.8949/0.7255 7.3489/6.6512 5.1718/4.3368
1 0.6582/0.5365 0.8797/0.6251 6.6373/5.5333 3.6128/2.6486
2 0.6404/0.4911 0.9500/0.6746 6.2280/5.6617 3.7521/2.5645
1 0.6899/0.4989 0.8618/0.6124 6.2218/6.3820 2.9503/2.5823
2 0.6996/0.5634 1.0017/0.7915 6.3203/6.1131 4.1867/3.2785
1 1.2198/0.8343 1.7735/1.4304 9.7782/5.7246 6.8402/4.0289
2 1.2598/0.8949 1.6941/1.2488 9.4557/7.2439 6.5030/4.4361
1 1.2250/0.9604 2.1960/1.6746 10.9775/8.4764 7.9032/5.9307
2 1.2857/1.0131 2.0330/1.5552 8.1434/6.3813 6.5293/4.3273
48 h 1 1.2407/0.7253 2.1655/1.7786 9.6580/6.9204 7.5541/5.2989
2 1.3250/0.9565 1.8414/1.5666 8.1024/7.2309 6.2452/5.3772
1 0.9162/0.8120 1.7618/1.3047 7.9009/5.5968 5.7899/4.5371
2 0.9896/0.7848 1.5020/1.1732 7.0978/4.8208 5.2826/3.7708
1 0.9650/0.7833 1.6960/1.4327 9.1107/7.4706 8.7411/6.4006
2 1.1315/1.0845 1.9731/1.5516 9.2449/6.8041 6.8057/4.8502

forecast model (1 or 2) are divided into two groups with the
same number of observation points. One group of observa-
tion points is used to establish prediction equations and the
other group of points is used to test the accuracies of these
equations. The results of testing these prediction equations
in forecast model 1 and forecast model 2 are shown in
Table 8. In combination with formula (3), the calculated mean
and standard deviation of GCD in two forecast models are
shown in Figures 15 and 16, respectively. Averaging the
results of five areas, it can be obtained that the averages
of the mean/standard deviation of GCD under forecast
model 1 and forecast model 2 for 24 hours’ forecast fare
150.5192/84.6156 km and 141.5464/81.2509 km, respectively.
For 48 hours’ forecast, the averages of the mean/standard
deviation of GCD under two different forecast models
are 261.7517/145.6345 km and 256.7109/145.2903 km, respec-
tively. Even though the mean of GCD in dynamic prediction

pattern is no less than three main prediction centers (NHC,
JMA, and NMCC), it is much less than the numerical pre-
diction model in [25], the means of which are 186.3/319.5 km
based on System T106 and 161.8/295.8 km based on T213 both
for 24/48 hours’ forecast. Besides, forecast models 1 and 2 are
all more accurate than the forecast using satellite scatterome-
ter’s monitoring data in the sense of the standard deviation
of GCD and the mean of weed speed error, which are
149.6002 km and 11.9618 m/s in [12]. It can be seen from
Table 8 and Figures 15 and 16 that the accuracies of forecast
model 1 and forecast model 2 vary from different areas and
different characteristic factors. The more accurate forecast
model can be selected from forecast models 1 and 2 according
to actual conditions. The results of statistical significance tests
for each equation used to forecast corresponding charac-
teristic factor in forecast model 1 and forecast model 2 are
shown in Table 9, which show that P value is much less than
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TABLE 9: The results of statistical significance tests for each equation used to forecast corresponding characteristic factor in forecast model 1

and forecast model 2.

R-square/P value
for LON

R-square/P value
for AP

R-square/P value
for WS

0.6011/7.91 x 107°
0.5809/5.93 x 107"
0.4391/3.66 x 10~
0.6753/1.77 x 107
0.6559/3.48 x 107"
0.7506/1.19 x 10
0.5348/3.32 x107%
0.6266/1.64 x 107
0.5154/1.51 x 10~°
0.6464/1.67 x 107

0.6222/4.46 x 107
0.7030/1.31 x 1078
0.7556/5.03 x 107
0.7481/2.13 x 107'%
0.6310/1.83 x 107
0.5509/1.40 x 10~
0.7594/1.15 x 107
0.6903/1.01 x 10™*
0.8732/2.73 x 107
0.7835/6.98 x 10

0.7615/5.47 x 107
0.7731/1.01 x 107
0.7995/3.57 x 107%
0.7277/3.71 x 107"
0.6495/3.24 x 107°
0.5573/9.84 x 107
0.8174/2.47 x 107"
0.7652/9.25 x 10~
0.8524/5.03 x 107
0.7550/1.52 x 10"

Forecast R-square/P value
Forecast hour Area number model
(lor2) for LAT
1 0.5883/9.52 x 107"
2 0.4493/2.26 x 10~
5 1 0.7177/1.86 x 107
2 0.6808/5.17 x 107"
24h 3 1 0.6471/6.36 x 107"
2 0.6802/6.46 x 10~**
4 1 0.7572/1.05 x 1072
2 0.6405/4.83 x 107*
5 1 0.5031/2.40 x 10~°
2 0.6239/2.84 x 10
I 1 0.1337/0.0240
2 0.2177/0.0049
5 1 0.4515/9.05 x 107°
2 0.4022/1.64 x 107
48h 3 1 0.2251/0.0218
2 0.3073/6.18 x 107
4 1 0.4992/9.60 x 1077
2 0.3323/3.77 x 107
5 1 0.4546/6.19 x 107
2 0.4219/1.09 x 107"

0.3943/3.91 x 10~
0.0399/0.3398
0.2668/0.0218
0.3095/6.51 x 1072
0.3935/4.57 x 107
0.4369/2.13 x 107
0.3055/2.74 x 107
0.3270/1.02 x 107'¢
0.2554/0.0043
0.3825/3.44 x 107"

0.3208/1.77 x 107"
0.2532/0.0016
0.6720/1.72 x 107
0.2960/5.05 x 1072
0.0026/0.7270
0.1768/2.51 x 107
0.4303/1.53 x 107
0.2471/1.70 x 10~°
0.3705/1.91 x 10~*
0.2120/2.18 x 1077

0.4725/5.34 x10°°
0.4275/7.92 x 107°
0.4622/5.99 x 107°
0.3332/6.27 x 1077
0.1362/0.1596
0.2479/8.91 x 107
0.6249/1.84 x 10™°
0.3580/3.65 x 107
0.3535/0.0012
0.3322/2.46 x 1072

0.05 in almost every case and prove that the corresponding
prediction equation is significant.

4. Summary

In this paper, the CMA best track datasets from 1949 to 2012
are used, in combination with data mining technology and
statistical methods, to put forward a new methodology to
forecast TCs' characteristic factors. This methodology can
accurately judge whether TCs land on Hainan Island or not
and forecast their characteristic factors (including longitude,
latitude, the lowest center pressure, and wind speed). The
average of the probabilities of accurate judgment for landing
criterions is 74.70% and the highest accuracy can reach
79.76%. For the forecast of landing TCs’ characteristic factors,
landing prediction pattern and dynamic prediction pattern
are proposed, which not only can accurately forecast the
characteristic factors when TCs land but also realize dynam-
ically 24 hours’ and 48 hours’ forecast. The effect of the
landing prediction pattern is better, of which the mean of
GCD is 144.6382 km, compared with the current 48 hours’
forecast in the South China Sea, which is 222.6 km. Even
though the mean of GCD in dynamic prediction pattern is
no less than three main prediction centers (NHC, JMA, and
NMCC), it is much less than the numerical prediction model
in [25] and the method using satellite scatterometer’s mon-
itoring data in [12]. The forecast methodology proposed in
this paper provides a new method for typhoon warning on

Hainan Island without getting too much knowledge of meteo-
rology involved and thus simplifies the implementation of the
prediction process and meanwhile guarantees the accuracy of
prediction.
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