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ABSTRACT: Disaster weather forecasting is becoming increasingly important. In this paper, the trajectories of
Mesoscale Convective Systems (MCSs) were automatically tracked over the Chinese Tibetan Plateau using Geostation-
ary Meteorological Satellite (GMS) brightness temperature (Thb) from June to August 1998, and the MCSs are classi-
fied according to their movement direction. Based on these, spatial data mining methods are used to study the relation-
ships between MCSs trajectories and their environmental physical field values. Results indicate that at 400hPa level,
the trajectories of MCSs moving across the 105°E boundary are less influenced by water vapor flux divergence, vertical
wind velocity, relative humidity and K index. In addition, if the gravity central longitude locations of MCSs are be-
tween 104°E and 105°E, then geopotential height and wind divergence are two main factors in movement causation.
On the other hand, at 500hPa level, the trgjectories of MCSs in a north-east direction are mainly influenced by K in-
dex and water vapor flux divergence when their central locations are less than 104°E. However, the MCSsmoving in

an east and south-east direction are influenced by afew correlation factors at thislevel.
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1 INTRODUCTION

Recent evidence hasindicated that disaster westher con-
ditions, such as storms, typhoons, and intensive convec-
tion, are directly influenced by Mesoscale Convective
Systems (MCSs) (JANG and FAN, 2002). Also, the
MCSs, which move out of the Tibetan Plateau, are relat-
ed to intensive precipitation in the Changjiang (Y angtze)
River Basin and the southwestern region of China
(SHAN et al., 2003). To date, however, development
theories of MCSs and their structure are not yet clear,
due to restrictions on time and space scalesin traditional
observation data. Therefore, it is difficult to predict the
activity of MCSs, especidly in the Chinese Tibetan
Plateau ( Fig. 1) .

However, with the development of meteorological
satellite remote sensing technology, it has been possible
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to collect increasing amounts of image data to be stored
in different databases. As aresult, substantial informa-
tion related to disaster weather has been hidden in these
data. In most cases, the image data files are too large to
be extracted in a reasonable amount of time using tradi-
tional data analysis methods, including numerical mod-
els. Thus spatial data mining methods are emerging to
extract implicit knowledge, data relations, or other pat-
terns not explicitly stored in databases (KOPERSKI and
HAN, 1995).

Among existing disaster weather forecasting applica-
tionsusing spatial datamining, the ATOMOSPHER sys-
tem (LEE and L1U, 1999, 2000) is asuccessful example.
Inthissystem, 120 TC (Tropica Cyclone) cases appear-
ing in the period from 1985 to 1998 were used to test the
effectiveness of the methods used in the ATOMO-
SPHER system. The system achieved a 97% accuracy
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Fig. 1 The Tibetan Plateau region

rate for correct classification and an 86% correct predic-
tionratein TCtracking. Inanother application, KITA-
MOTO (2002) used 34 000 typhoon images as a test bed
to discover the statistical properties of typhoon cloud
patterns. KITAMOTO then used a similarity-based ap-
proach to predict typhoonsbased on past typhoon cloud
patterns and existing cloud patterns. In another project,
ZHOU et al. (1999) used related images to develop new
neural network modelsand increase knowledge about ty-
phoons.

In this paper, spatial data mining methods are used to
analyse the relationshi ps between MCSstrgjectories and
their environmental physical field values through meteo-
rological satellite remote sensing imaging in the Tibetan
Plateau from Juneto August 1998. The paper will begin
with describing spatial data mining methods, data
sources and MCSs tracking techniques. Thiswill be fol-
lowed by an analysisof MCSs shape classification. Tra-
jectories of MCSs, feature values abstraction and results
will then be discussed, with subsequent conclusions and
recommendations.

2 DATA SOURCES

GMS brightness temperature (Tbb) and high resolution
limited area analysis and forecasting system (HLAFS)
values provided by China National Satellite Meteorolog-
ica Center from June to August 1998 are used in this
study. For datarange of Thb, latitudeis from 0° to 502N

and longitude isfrom 80° to 150°E. HLAFS, latitudeis
from 15° to 64°N and longitudeisfrom 70° to 145°E. On
the other hand, Thbis0.5° latd. x 0.5° long. resolution, i.
e., each pixel of animagerepresentsa0.5° x 0.5° latitude
and longitude. HLAFSis 1° latd. x 1° long. resolution.
Due to the great error of GMS brightness temperature
(Tbb) datatothewest of 80° E over the Tibetan Plateau,
consequently, in this project, study areathat isfrom 27°
to 40° N and 80° to 105° E, is selected. Meanwhile, the
elevation of the Tibetan Plateau is 4000-5000m, and the
levels of 400hPa and 500hPa represent air conditions of
nearly ground and lower layersat the Plateau, respective-
ly. Consequently, 400hPaand 500hPaareincludedinthis
study. Based on these, HLAFS datasets, including geopo-
tential height, temperature, vorticity, wind divergence,
water vapor flux divergence, vertical wind vel ocity, pseu-
do-equivalent potential temperature, K index and relative
humidity in different UTC (Universal Time Coordinate)
(00:00 UTC, 12:00 UTC, 24:00 UTC) are used to deter-
mine the relationships between MCSs tragjectories and
environmental physical field values. For example, the
distribution of pseudo-equivalent potential temperature
with height and K index canreveal the stability of air lay-
er convective activity. Furthermore, according to the def-
inition of MCSs(MADDOX, 1980), the study focuseson
MCSs that cover at least 3 connected pixels having
Thb<<241K ineach Thbimage, andlastingfor at least 3
consecutive hours.
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3 METHODS

3.1 MCS Tracking

Numerous studies have devised methods to automatical-
ly track convective systems using meteorological satel-
lite remote sensing image data (ARNAUD et al., 1992;
MACHADO et al., 1998; CARVALHO and JONES,
2001). For example, CARVALHO and JONES (2001)
developed an efficient method based on maximum spa-
tial correlation tracking technique (MASCOTTE), to
monitor the evolution of convective systems (CS), using
satellite images. The resultsindicated that MASCOTTE
isavaluable approach to understanding the variability of
CS. ARNAUD et al. (1992) established an automatic
method to track and characterize (CS) onMeteosat in-
frared images according to the variability of areain con-
secutive hours.

In this paper, using the methods developed by AR-
NAUD e al. (1992), the traectory of each MCSis
tracked asfollows:

(2) Todetect whether MCS, C, in hour 4, isthe same as
C' inthenext availableimagein hour A, theratioA’c
/Ac iscomputed, whereAc istheareaof MCS (C) in
hour h;, and A’ ¢ isthe overlapping areaof MCS (C’) in
hour A, with C in hour k.. If itsvalueisat least 0.5, then
C and C" areregarded asthe same MCS.

(2) If two MCSs, C;and C,, in hour h; aremerged to C’
in the next hour h,, oneisregarded as being "still alive
while another disappeared” inh,. Theselectionisbased
onthearea: if the areaof C; islarger than that of C;, then
C’ isthe continuation of C;, otherwise C’ isthe continua-
tionof C,.

(3) Whenan MCS, C, issplit into two or more smaller
MCSs, C'y, C'5, ..., C', inthe next hour, and the overlap-
ping area of C with some of the small MCSs is greater
than the overlapping threshold, then, C’,, the largest, is
chosen asthe same MCSas C and the others are regarded
asnew MCSs.

3.2 Shape Identification of MCS

The shape of MCSsis also an important factor influenc-
ing their movement. Therefore, before spatial data min-
ing, it is necessary to identify the shape of MCSs. Thei-
dentification procedure can be divided into two steps. In
step one, the gravity centre coordinates of MCSs are cal -
culated according to the following formula:
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and v, are the gravity centre coordinates of

D
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MCSs, «;, y;, and ¢, represent the longitude, latitude and
brightnesstemperature (Thb) of the MCSspixels, re-
spectively, while n represents the number of pixelsin-
cluded by the MCSs. Secondly, the MCSs shape will be
determined by ellipse equation using the least squares
method, and based on these, the long axis length and
short axis length of the ellipse will be obtained. Conse-
guently, the shape of MCSs can be defined according to
theratio of the short axislength to the long axislength, i.
e., the shape of MCSsis defined ascircular (C) when the
ratioisin[0.9, 1.0] and ellipse (E) when theratio isin
[0.7, 0.9). Otherwise, the shape of MCSs is defined as
others(O).

3.3 Classification of MCS

Based on previous tracking methods, MCSs are classi-
fied into 4 types according to their trajectories over the
Tibetan Plateau, i.e., if MCSs move across the 105°E
boundary, then they are considered to have moved out of
the Tibetan Plateau, and their movement direction is de-
fined E, NE and SE, respectively. Otherwise, it isdefined
'stay-in’. Table 1 showsthe classification results.

Table 1 Number of MCSsin different directionsover
Tibetan Plateau from June to August 1998

Number of MCSsin different directions

Month

Stay-in E SE NE
June 209 9 3 3
July 246 11 - 4
August 239 21 2 2
Total 694 41 5 9
From Table 1, it can be seen that 7.34% of the total

number of MCSsmove acrossthe 105°E boundary, while
74.5%, 9.1% and 16.4% of the MCSsmoving acrossthe
boundary moveto E, SE and NE, respectively.

3.4 Trajectories of MCS
Fig. 2a—c showsthe trgectories of MCSs moving out of
the Tibetan Plateau from June to August 1998. From Fig.
2a, it can be seen that the initiation locations of most of
the MCSs moving to the southeast and northeast are less
than 100°E, and the lengths of MCSs trgjectories are
relatively long.  On the other hand, theinitiation loca-
tions of most of the MCSs moving to the east are be-
tween 100°E and 105°E, with one exception. Among
these MCSs, the lengths of trajectories are relatively
short. Moreover, in thismonth, theinitiation locations of
most of the MCSs are less than 36°N aong latitude ori-
entation.

The trajectories of MCSs moving across the Tibetan
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Plateau in July are presented in Fig. 2b, which demon-
strates that there are no MCSs moving to the southeast
during thismonth, whiletheinitiation locations of most
of the MCSs are between 100°E and 105°E. Further-
more, with one exception, the lengths of MCSs trajecto-
riesarerelatively short during thismonth.

Fig. 2c showsthat the features of MCSstrgjectoriesin
August are similar to those of July, the difference be-
tween MCSstrajectoriesin August and in July being that
the initiation locations are less than 36°N aong latitude
orientation in July, whiletheinitiation locations distribu-
tion of MCSs in August are more homogeneous along
|atitude orientation.

Onthe other hand, Fig. 2a—c also showsthat theinitia-
tion locations of most of MCSs from June to August
1998 are between 95°E and 105°E. Therefore, inthe
course of spatial datamining, theinitiation gravity center
location of each MCSisdefined near 100°E.
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Fig. 2 Trajectories of MCSs moving out of the
Tibetan Plateau from June to August 1998
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3.5 Feature Values Abstraction

Weather forecasting is critical to people’s daily life and
to sustainable devel opment. To make up for the shortage
of ground observation stations, high spatio-temporal res-
olution meteorologica satellites have provided a mean-
ingful data source. Consequently, finding the optimal
method for extracting useful information from the obser-
vation data has becomeincreasingly important.

Fig. 3a-d shows examples of the relationships be-
tween the trgectories of MCSs moving out of the Ti-
betan Plateau, and vorticity values around its center at
0OUTC in 400hPalevel on 7 June, 30 June, 9 July and 11
August. Using the figure, the relationships between the
trgjectories of MCSs and vorticity values cannot be
clearly understood. However, according to the results of
previous tracking, the MCSs shown in Fig.3a—-d move
out of the Plateau in an easterly direction. Clearly, there-
fore, some relationships must exist between them. This
isimportant, therefore, in abstracting useful information
on what influencesthe tragjectoriesof MCSs, from wide
environmental physical field values. In the following
section, the processing approach used for the given data
according to the results of MCSs tracking will be de-
scribed.

First, in the course of extracting information on factors
influencing the trajectories of MCSs, the parameters, in-
cluding geopotential height (H), temperature (7), rela-
tive humidity (RH), vorticity (VOR), wind divergence
(DIV), vertical wind velocity (W), water vapor flux di-
vergence (IFV()), pseudo-equivalent potential tempera-
ture (8SE), K index, area of MCSs, the average lowest
temperature (7hb), location (longitude and latitude) and
the shape of MCSs are used in thisstudy. Second, an
MCSiscentred at (x4, y1) when it movesto near 100°E at
thetime UTC=H,. Choosethe HLAFSat UTC=H, (ei-
ther equalsto 00, 12 or 24UTC) where H,, is the nearest
00/12/24 UTC to H,,. If the MCSis centred at (x,, y,) at
the time UTC=H,+2, then three areas (A, B, C), which
are near the MCSs at the time UTC=H,+2, will be de-
fined according to the direction in which the MCSs are
moving. Each area (A, B, C) is1°latd. x 3°long. For each
of the 9 HLAFS attributes, theaveragefor A, BandC
will befound respectively, then D, and D, aredefined
asthe differencein the averagein areas B and A and that
of areas B and C respectively (Fig. 4).

Based on theinformation above, avector consisting
of thefollowing fieldsfor each MCSisformed:

-D,_, for each of the 9 HLAFS attributes (H, T, DIV,
VOR, 0 SE, K, IFVQ, W, RH)

-D,_. for each of the 9 HLAFS attributes

—Areaof MCSswhen UTC=H,,
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Fig. 3 Chart of the relationships between the trgjectories of MCSsand vorticity values (x10%/s)
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4 RESULTS AND DISCUSSION

In spatial data mining, the decision tree isthe main tech-
nique used to classify huge amounts of data. The data
classification procedure can aways be separated into
two steps, i.e., growing and pruning (BREIMAN et al.,
1984). There are different approachesto classify object
data according to data size stored in databases. For ex-
ample, earlier algorithmsfor decision treeinduction, ID3
and CART (WEISS and KAPOULEAS, 1989; HOLD-
ER, 1995), have high classification accuracy and effi-
ciency when datasizeissmall. However, they are not
suited to classification of large data sizes. Consequently,
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in this paper, C4.5 (SALVATORE, 2002) is taken to
mine hidden knowledge of influencing MCSs move-
ment. Itisanalgorithm for inducing classification rules
in the form of decision trees from a set of given data. It
congtructs the decision tree with a "divide and conquer"
strategy. After eachtreeisgenerated, itisprunedinan
attempt to simplify it. The advantages of this method are
that not only can it mine useful information and knowl-
edgefromlarge databases, but it aso has high accuracy
and efficiency.

Table 2 and Table 3 show the classification rules,
which have been pruned, of influencing MCSs moving
out of the Tibetan Plateau in 400hPa and 500hPa level,
where the symbols and units of different parameters are
defined as follows. geopotential height (H) —10-'gpm,
temperature (T) —C, relative humidity (RH)—%, vor-
ticity (VOR)—10"%s, wind divergence (DIV)—10s,
vertical wind velocity (o )—10hPals, water vapor flux
divergence (IFV () —10"g/ (cmi h/Pg /s), pseudo-e-
quivalent potential temperature (6SE) —°C, K index,
area—km?, the average lowest temperature (tbd) —C,
position (longitude and latitude) and shape. The form of
rulesis"PA i > A P,—~Q:A i>A Q,", whereP, >, P,
Q4 i >, Q,aredttribute data. Therulesareinterpreted as
when the pattern "P,A j > A P," develops, the pattern
"N > A Q," aso develops with a certain probabili-
ty. Intable2, the meaning of H,. isthe difference of
geopotential height inareaB and areaC. E (16/3.7)
means that the number of MCSswhich satisfy theruleis
16, but 3.7 MCSsremain in the Tibetan Plateau, i.e., the
accuracy is 76.9% when thisruleis applied to determine
the movement of MCSs across 105(E, and the meaning

GUO Zhong-yang, DAI Xiao-yan, WU Jian-ping et al.

of othersis similar. Consequently, from Table 2, it can
be found that the geopotential height in the south of

MCSs center is higher than in the north in 400hPa level.
If theinitiation gravity center location of MCSsisgreater
than 104°E and Hy. < -1, then wind divergenceisamain
factor in influencing the movement of MCSs. The physi-
cal meaning of the rules can be explained in the follow-
ing example: accordingtorule 1, it representsthat, when
MCSsexist between 104°E and 105°E and the geopoten-
tial height in the south of MCSscentreishigher than that

in the north and wind divergence in the south of MCSs
centreislower than that in the north, the MCSsexistin
an air convergence area. According to the rule of influ-
encing MCSs movement, thetwo environmental physi-
cal field values revea that they will influence MCSs
movement out of the Plateau. Other rules can be ex-
plainedinthesamemanner. By andlarge, atthislevel,
the MCSs moving out of the Tibetan Plateau are mainly
related to the differences of geopotential height, vortici-
ty, wind divergence along latitude orientation, area, and
longitude location of MCSs centre.  On the other hand,

the results al'so show that the trajectories of MCSs mov-
ing out of the Plateau are not related to the differencesin
relative humidity, vertical wind velocity, water vapor
flux divergence, K index aong latitude orientation, as
well asthe average lowest temperature and latitude loca-
tion of MCSs centre. Therefore, the features of the envi-
ronmental physical field values in 400hPa level can be
summarized asfollows:

(1) The movement of MCSs across the 105°E bound-

ary is less influenced by water vapor flux divergence,
vertical wind velocity, relative humidity and K index.

Table 2 Classification rulesinfluencing MCSs trgjectories in 400hPa level

Index Rule
1 Hy<-1A104°E <Longitude<105°E ADIV <6 —E(16/3.7)
2 Hp<-1A102°E<Longitude< 104°E AArea>41250 Ti>-1 AVOR,>-28— E(12/2.5)
3 Hy< -1 ALongitude<s 102°E AArea>233750 AShape is others AVOR < 22— E(7/2.4)
4 Hy<-1ALongitude< 102°E AArea>233750 AOSE),>-3 AOSE,, < 2 AShape iscircle ~E(3/2.1)
5 Hy<-1ALongitudes 102°E AArea>233750 AOSE,, <-3—NE(3/2.1)
Table 3 Classification rulesinfluencing MCSs trajectories in 500hPa level
Index Rule
1 101.5°E <Longitude< 104°E Area< 233750 AIFV (),.<-74—NE(2/1)
2 101.5°E <Longitude< 104°E Area< 233750 AH,,< 17 AK,,<12 AT, >9 AIFV (,.>-74 ADIV ,, < 6— E(10)
3 101.5°E <Longitude< 104°E Area< 233750 A H,>17 AK,, <12 AT, >9 NIFV (,> ~T4 NIFV (), >2 ADIV ,, < 6— E(3)
4 Longitude<s 104°E AArea>233750 AK,, <0—~NE(3/1)
5 Longitude<s 104°E AArea>233750 AH,, <9 ABSE,, < 0—SE(2/1)
6 Longitude< 104°E AArea>233750 Aw,, < 138 A H,,>9 AK,>0 ABSE;, < 0—E(8)
7 Longitude< 104°E AArea>233750 Aw,,>138AH,,>9 AK,, >0 AOSE, < 0—SE(3/1)
8 Longitude< 104°E AArea>521250 AGSE;,>0 ADIV,>-10—E(2)
9 104°E <Longitude<105°E AArea>26250—E(14)
10 104°E <Longitude<105°E A Latitude>30.5 AArea< 26250—E(2)
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(2) Thedifference of geopotential height around gravi-
ty center location of MCSsis amain factor in determin-
ing their movement, i.e., the movement of MCSsis
mainly influenced by air flow.

(3) If gravity central longitude locations of MCSs are
between 104°E and 105°E, then geopotential height and
wind divergence are two main factors in causing their
movement.

On the other hand, from Table 3, the featuresinfluenc-
ing MCSsmovement in 500hPalevel can be summarized
asfollows:

(1) Inthislevel, thetragjectories of MCSs moving out of
the Tibetan Plateau are lessinfluenced by vorticity, rela
tive humidity and shape.

(2) If gravity central longitude locations of MCSs are
less than 104°E, the trgjectories of MCSs, when moving
north-easterly, are mainly related with area, K index and
water vapor flux divergence.

(3) If gravity central longitude location of MCSs is
between 104°E and 105°E, whileitsareaisgreater than
26 250kn?, then the M CSs must move out of the Tibetan
Plateau.

From the analysis set out above, it can befound that the
rules obtained in 400hPa and 500hPa are different, the
also reason being that environmental physical field val-
ues are different in 400hPa and 500hPa. Resultsindicate
that it is feasible to predict the trajectories of MCSs
based on their environmental physical field values at the
Tibetan Plateau. Furthermore, it isalso important to dis-
cuss the relationships between the movement of MCSs
and intensive precipitation forecasting in the Yangtze
River Basin and in the south-west region of China.

5 CONCLUSIONS

Various rules influencing MCSs movement at the Ti-
betan Plateau in China have been revealed that using
spatial data mining techniques, and the development of
favorable environmental physical field rules of influenc-
ing MCSs movement across Tibetan Plateau produces
important results. These rules can be used to reveal the
relationships between the MCSs trgjectories at the
plateau and intensive precipitation forecasting in the
Changjiang River Basin and in the southwestern region
of China. Consequently, thisinformation is of great val-
uein limiting the damage caused by disaster weather.
The mathematical model of MCSs trajectories and their
environmental physical field values will be developed
further in future research. In addition, the system of dis-
aster weather forecasting will be enhanced further, using
different spatial datamining techniques.
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