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Abstract: Using NCEP/NCAR reanalysis, the structure of a wintertime typhoon named Nanmadol that
landed on Taiwan 4 December, 2004 has been examined in this paper. It is found that Nanmadol looks
similar in structure and time evolution to summer typhoons; the central part of it is warm and humid, and
the convergence is observed in the lower troposphere while there is divergence in the upper troposphere.
The differences between wintertime and summertime typhoons are found. The southwest stream flow in the
lower troposphere and cyclonic disturbance in the upper troposphere seem significantly weaker in
Nanmadol than in summertime typhoons. The EOF analysis performed for sea level pressure (SLP) of
Nanmadol shows that about 90% of the total variance of temporal changes in typhoon circulation can be
explained by two leading EOF modes of EOF1 and EOF2. EOF1 shows the structure and intensity
variations of Nanmadol while EOF2 shows the changes in environmental SLP distributions that influences
the moving direction of Nanmadol.
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1  INTRODUCTION

As shown in research and statistical results [1 – 6],
Typhoon Nanmadol (No.0428), which made landfall on
Taiwan Dec. 4, 2004, is the storm moving on land at
the latest time of year in China since 1949. Summer is
a season when typhoons are the most active while
winter sees few cyclonegenesis and fewer landfalls in
China. It is then important to study typhoons making
landfall in winter. Previous study focuses on typhoons
in summer with few on those in autumn or winter.
Statistical characteristics, track change and
relationships between the cold air movement and the
cyclonegenesis and evolution of typhoons have been
the main topics [1 – 10]. In this work, efforts are mainly
on the structural features of Nanmadol, a west Pacific
typhoon that formed in early winter and made landfall,
and its evolution, for its similarities to and differences
from wintertime typhoons, so that future study can be
done with better basis.

2  STRUCTURAL CHARACTERISTICS OF
THE TYPHOON

The reanalysis data of NCEP/NCAR is used to
study the circulation structure and thermodynamic
structure of Nanmadol and Imbudo (No.0307), a
summertime typhoon. It is shown in comparison and
analysis that Nanmadol’s warm and humid structure is
well defined and there is low-level convergence in
association with high-level divergence, though with
heights lower than the summertime counterpart to
which complete cyclonic circulation reaches. In fact, it
is poorly seen at levels higher than 200 hPa and low-
level convergence and high-level divergence are
weaker than normal. In the case of Nanmadol, the
southeasterly and southwesterly converge with the
northeasterly, with the easterly playing a major role.
For Imbudo, however, the westerly is dominant among
the converging flow and an intense southwesterly jet
stream appears. The low-level southwesterly
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converging flow is poorly defined for Nanmadol and
transports water vapor just moderately.

3  USE OF EOF METHOD IN ANALYZING
THE STRUCTURE OF TYPHOON
STRUCTURE

The center of typhoon is set at that of the
gridpoints and 22 time levels of the SLP field going
through the whole course of life cycle are taken to
constitute original temporal series for EOF
decomposition of the anomalous field of SLP over the
whole process of Nanmadol. The contribution is nearly
90% from the accumulated variance of the first two
eigenvectors (referred to as EOF1 and EOF2), which
pass the significance test [11] and are good indicators of
the variation of typhoon’s spatial structure. EOF1
(Fig.1a) gives a structure in which the middle has
higher values than the part surrounding it, i.e. the
center is the eye. It shows a basic pattern of large
pressure gradient at the periphery of the typhoon,
which is a typical distribution of the pressure field
during the mature phase of typhoon. Its corresponding
first temporal coefficient series does well in depicting a
main process of pressure field variation for the life
cycle of typhoon, i.e. the change in intensity. EOF2
(Fig.1b) shows that the eye is located at a symbol of
the designated typhoon, with the enclosed circle and the
part to its west being positive and that to its north
negative. From the evolution of the second temporal
series, it is known that pressure falls over the continent
southwest of the typhoon but rises northeast of it,
which is just the distribution of pressure field during
the westward movement of the typhoon, i.e. the change
in movement.

Temporal coefficients of EOF1 and EOF2 and the
distribution of coefficients of their correlation with the
fields of surface temperature anomaly, humidity and
500-hPa vorticity are respectively determined (Fig.2).
The results show that there is substantial change in
these fields with the variation of life cycle intensity and
track of the typhoon. The typhoon intensifies over the
ocean where SST is relatively warm and moves in this
direction. The variation of the 500-hPa vorticity field
agrees with that of pressure and the variation of
ambient field around the typhoon is shown during the
movement. During the variation of typhoon intensity, a
main area of positive correlation of the relative
humidity field is over the ocean to the east of the
typhoon. Humidity is decreasing as the typhoon evolves,
which is unfavorable for the supply of water vapor
from the southeast. During the movement of the
typhoon, a main area of humidity correlation is to the

distant west of it, suggesting that the condition of water
vapor there be favorable to the formation and
development of local convection. When the typhoon
weakens and dissipates, however, relative humidity
gets smaller to the west of the storm, reflecting the
strengthening of dry and cold continental air during the
ending phase of the typhoon.

For analyses of other aspects, refer to the Chinese
edition of the journal.

4  CONCLUSIONS AND DISCUSSIONS

As shown in the results of the analysis here, the
wintertime typhoon Nanmandol is characteristic of the
following:

a

b

Fig.1  The modes of EOF-analyzed sea level
pressure anomalies with Typhoon
Nanmandol. (a) and (b) are for EOF1
and EOF2, respectively (unit: ×0.1).

PDF created with pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com


No.1                   HE Jie-lin (何洁琳) and GUAN Zhao-yong (管兆勇) et al.                                 71

71

(1) Like summertime typhoons, it has well-defined
warm and humid core and dynamic and thermodynamic
structure of low-level convergence versus high-level
divergence. The warm core is destroyed and weakened
to dissipation when cold air intrudes into it as the
typhoon turns to head for the north to get close to the
continent.

(2) The low levels of the typhoon are dominated by
the convergence of the northeasterly with the
southeasterly and southwesterly. What is different is
that Nanmandol does not have a well-defined
southwesterly in low-level converging flows and brings

about relatively few water vapor. The cyclonic
circulation does not reach as high as its summertime
counterpart and exerts weaker disturbance to the
atmosphere.

(3) As shown in the EOF analysis, the variation of
the pressure field structure of the typhoon is mainly
shown by the first two eigenvectors of EOF, one being

a
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Fig.2  The distribution of the correlation
between the first and second temporal
coefficients between surface
temperature anomaly (a, b), 500-hPa
vorticity (c, d) and relative humidity
at sea level (e, f). Unit: ×0.01.
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an “intensity mode” and the other a “movement mode”.
The two eigenvectors are well correlated with the
variation of temperature, vorticity and humidity,
reflecting the changes associated with the internal
dynamic structure and movement of the typhoon during
the generation and development.

It must be noted that Typhoon Nanmandol is
studied in terms of general thermodynamic and
dynamic structure with the reanalysis data of
NCEP/NCAR. As the resolution is relatively low, the
fitting of the intensity of typhoon center is also
relatively weak, resulting in unsatisfactory analysis of
the actual typhoon, and fitting of pressure especially, at
the center. At present, results have been desirable with
the study of the variation of intensity, track and
structure of typhoons using the latest observations like
the Doppler and high-resolution TRMM satellite data
[12 - 14] and these latest means and methods of
measurement can be used to conduct intensive research
on the nature and movement of wintertime typhoons.

REFERENCES:

[1] YANG Gui-shan. Tropical cyclones disaster in China and
its possible response to global warming [J]. J. Nat. Dis., 1996,
5(2): 47-55.
[2] LI Ying, CHEN Lian-shou, ZHANG Sheng-jun. Statistical
characteristics of tropical cyclone making landfalls on China
[J]. J. Trop. Meteor., 2004, 20(1): 14-23.
[3] ZHOU Jun-hua, SHI Pei-jun, CHEN Xue-wen. Spatio-
temporal variability of tropical cyclone activities in the western

North Pacific from 1949 to 1999 [J]. J. Nat. Dis., 2002, 11(3):
44-49.
[4] QIAN Yan-zhen. Statistical analysis of the tropical cyclones
over northwestern Pacific and making landfall in China over
the past 120 years [J]. Zhejiang Meteor., 2004, 25(2): 6-8.
[5] LIN Jian-kui. Tropical cyclones making landfall on the
coast of South China [J]. Marine Science Bulletin, 1994, 13(6):
92-94.
[6] CHEN Lian-shou, DING Yi-hui. Introduction to Western
Pacific Typhoons [M]. Beijing: Science Press, 1979: 211-212.
[7] CHANG C P, LAU K M. Short-term planetary-scale
interactions over the tropics and midlatitudes during northern
winter. Part I: Contrasts between active and inactive periods [J].
Mon.Wea. Rev., 1982, 110(8): 933-946.
[8] CHEANG B K. Synoptic features and structures of some
equatorial vortices over the South China Sea on the Malaysian
Region during winter monsoon, December 1973 [J]. Pure
Appl.Geophys., 1977, 115: 1303-1333.
[9] LI Xian-zi. The comprehensive theory of cyclogenesis [J].
Acta Meteorologica Sinica, 1956, 27(2): 92-96.
[10] CHEN Rui-shan. Typhoons [M]. Fujian: Science &
Technology Press of Fujian, 2002: 368-436.
[11] North G. R, Beil T L et al. Sampling errors in the
estimation of empirical orthogonal functions [J]. Mon. Wea.
Rev., 1982,110(7): 699-706.
[12] CHEN Zi-tong. A possible reason of track variation of
Vongfong during landing [J]. J. Trop. Meteor., 2004, 20(6):
626-631.
[13] LI Jiang-nan, MENG Wei-guang, YAN Jing-hua et al.
Mesoscale characteristics and causes of tropical storm Fitow
(0114) heavy rain [J]. J. Trop. Meteor., 2005, 21(1): 25-31.
[14] ZHU Pei-jun, ZHENG Yong-guang, TAO Zu-yu. Analysis
of the extratropical transition of tropical cyclone over mainland
of China [J]. J. Trop. Meteor., 2003, 19(2): 157-161.

Citation: HE J L, GUAN Z Y and NONG M S. Preliminary study on structure of wintertime typhoon Nanmadol in 2004. J. Trop.
Meteor., 2008, 14(1): 69-72.

PDF created with pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com

