
V N U . J O U R N A L  O F  S C IE N C E , N a t .  S c i. &  T e c h .,  t.X V III , n ° l  - 2 0 0 2

ON THE TROPICAL CYCLONE ACTIVITY IN 
THE NORTHWEST PACIFIC BASIN AND BIEN 

DONG SEA IN RELATIONSHIP WITH ENSO

P h a n  V an T an
Faculty o f Hydrometeorology and Oceanography 

College o f Natural Sciences - VNU

A b s tr a c t .Based on data sets of tropical cyclone tracks in the period of 1945-2000 
of Hurricane Data Archives from http://www.unisys.com, the activity of tropical 
cyclones (TCs) in the Northwest Pacific basin and Bien Dong sea is investigated 
with respect to the ENSO phases and intensity of TCs. The intensity of tropical 
cyclones is divided into two classes: TCs that reach the intensity of tropical depres­
sion and tropical storm (weak TCs), and TCs that reach the intensity of typhoon 
(intense TCs). The results showed that, ENSO events influence frequency of occur­
rence anầ the genesis location of TCs. In general, the TCs occuĩTed and generated 
in Bien Dong sea are increased during the La Nina years and decreased during the 
El Nino years, in number. During the El Nino (La Nina) phases, the genesis lo­
cations of tropical cyclones displace toward to the East (West). Further' more, the 
genesis locations o f tropical cyclones in the Bien Dong sea tend to the North, while 
in Northwest Pacific basin tend to the South, (hiring the El Nino phases.

1. Introduction

Tropical cyclones (TCs) are the costliest and deadliest natural disasters around 
the world, as the approximate 300000 death toll in the infamous Bangladesh Cyclone OÍ 
1970 [5] and the thousands of fisher-mans and fishing boats are destroyed in the South 
of Vietnam by the Linda typhoon in 1997. Typhoon property losses exceed that due 
to earthquakes by a factor of four. Understanding and being able to predict how both 
tropical cyclone frequencies and intensities vary from year to year is obviously a topic of 
great interest to meteorologists, public and private decision-makers and the general public 
alike.

’’Tropical cyclone” is the generic term for a non-frontal synoptic scale low-pressure 
system that develops over tropical or sub-tropical oceans with organised convection and 
a well-defined cyclonic surface wind circulation. Its energy source is primarily derived 
from evaporation and sensible heat flux from the sea in the presence of high winds and 
lowered surface pressure. These energy sources are tapped through condensation and fu­
sion in convective clouds concentrated near the cyclone’s ”warm-core centre [3]. Tropical 
cyclones with maximum sustained surface winds of less than 18 m /s are called ’ tropical 
depressions’' (TD). Once the tropical cyclone reaches winds of at least 18 m /s they are 
typically called a ” tropical storm ” (TS) and assigned a name. If winds reach 33 m /s, they 
are then called a ’’typhoon" (TY).
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Landsea c .  w . [5] showed th a t the necessary (but not sufficient) environmental 
conditions before tropical cyclogenesis and development can occur are:

1) Warm ocean waters (of at least 26.5°C) throughout a sufficient depth (unknown 
how deep, but at least on the order of 50 m);

2) All atmosphere which cools fast enough with height such th a t it is potentially 
unstable to moist convection;

3) Relatively moist layers near the mid-troposphere;
4) A minimum distance of around 500 km from the equator so tha t the Coriolis 

force to provide for near gradient wind balance to occur:
5) A pre-existing near-surface disturbance with sufficient vorticity and convergence:

and
6) Low values (less than about 10 m /s) of vertical wind shear between the 850 and 

200 m b  levels.

Seasonal variations of tropical cyclone activity depend upon changes in one or more 
of the above parameters. Globally, tropical cyclones are affected dramatically by the El 
Nino - Southern Oscillation (ENSO). ENSO is a fluctuation OI1 the scale of a few years 
in the ocean-atmospheric system involving large changes in the Walker and Hadley Cells 
throughout the tropical Pacific Ocean region [9]. The sta te  of ENSO can be characterised 
by the sea surface tem perature (SST) anomalies in the eastern and central equatorial 
Pacific: warming in this region are referred to as El Nino events and cooling are La Nina 
events. The Southern Oscillation Index (SOI), the standardised difference in sea level 
pressure between Tahiti and Darwin, Australia, also describes the state of ENSO with 
high (low) pressures at Darwin and low (high) pressure at Tahiti corresponding to El Nino 
(La Nina) events.

The various basins do not respond identically to ENSO. Some show changes ill 
frequency of cyclogenesis, while others show shifts in the genesis locations. Recent works 
showed that the tropical cyclones in the vicinity of Australia are reduced in number during 
the El Nino years and this reduction is compensated by an increase in the South Pacific east 
of 165°E, because of a shift in the centre of action in tropical cyclone genesis. The opposite 
is observed ill La Nina events. Likewise, the Northwest Pacific basin experiences a similar 
change ill the location of tropical cyclone genesis w ithout a total change in frequency. But 
the western portion of the Northeast Pacific basin has been suggested to experience more 
tropical cyclone genesis during an El Nino year and more tropical cyclones tracking into 
the sub-region in the year following an El Nino.

Beside the ENSO, there are some other global factors that appear to force change 
in tropical cyclone activity, such as the stratospheric Quasi-Biennial Oscillation (QBO). 
variations of local sea level pressures, SSTs and tradewind and monsoon circulation's 
(called local effects)....

Understanding tropical cyclone variability oil inter annual to interdecadal timescales 
is very important not only for scientists but also for decision-makers. As mentioned above, 
many studies have focused upon the variations in the number of tropical cyclones. While 
the bulk of these studies has been centred upon the Atlantic basin, the Bien Dong Sea 
and coastal zone of Vietnam have been analysed to some degree. So, this paper will firstly 
explore the role that the ENSO have upon tropical cyclones around the Bien Dong Sea 
and Northwest Pacific basin.
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2. D ata  and m eth od ology

In order to investigate the role of ENSO in an activity of tropical cyclones around 
the Bien Dong Sea and Northwest Pacific basin, we use the best-track data  sets of tropical 
cyclones from http://w w w .unisys.com  of the years from 1945 to 2000. The intensities of 
TCs are classified based on category of Saffir-Simpson scale:

T ype C a teg o ry P re s s u re  (mb) W in d s (kno ts)

D ep ress io n TD < 34

T ro p ica l S to rm TS 34-63

T y p h o o n -1 TY -1 > 980 64-82

T y p h o o n -2 TY -2 965-980 83-95

T y p h o o n -3 TY -3 945-965 96-112

T y p h o o n -4 TY -4 920-945 113-134

T y p h o o n -5 TY -5 < 920 >134

It is convenient to represent we make some conventions as the following:
- Due to the time series of da ta  sets are limited, it is reasonable to partition the 

intensities of TCs into two classes:
1) Tropical cyclones th a t reach intensities of TD and TS (hereafter referred to 

Case-1) and
2) Tropical cyclones th a t reach intensities of typhoon TY-1, TY-2, TY-3, TY-4 and 

TY-5 (hereafter referred to Case-2).
- Northwest Pacific basin is the part of Pacific Ocean between 100°E and 180°E of 

the North hemisphere. Bien Dong Sea is the part of Northwest Pacific basin, separated 
by meridian of 120°E towards the West (Fig. 1).

CM 1» 110 1» tM u» m_____ _______tt*____

Fig. 1. N o r th w e s t  Pacific  b a s in  a n d  B ien  D ong Sea

- Generating position of tropical cyclone is defined as the first detected co-ordinate 
of its center.

http://www.unisys.com
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- Tropical cyclones which have centers occur in the Bien Dong sea are treated as 
the Bien Dong sea TCs, despite of their genesis positions.

- The activity of TCs is considerate in relationship with ENSO phases. The sample 
size for examining Northwest Pacific TCs with respect to ENSO is small, with 12 El Nino 
years. 12 La Nina years, and 32 neutral (Non-ENSO) years. From these data sets, the 
number and frequencies of genesis positions of TCs in the Northwest Pacific basin and 
Bien Dong Sea during the ENSO phase are calculated.

3. R esu lts and d iscussions

Table 1 lists the num ber of TCs that occurred and generated in the Northwest Pacific 
basil! and Bien Dong Sea in the ENSO events corresponding to the TCs intensities. It show 
that, there are 1532 TCs in the d a ta  series. Among them, 915 TCs reach the intensities of 
TY. occupy 59.7%. The mean annual number of TCs generated in the Northwest Pacific 
basin is 27.2. during the El Nino years and La Nina years these values are 25.9 and 26.5, 
respectively. Thus, there is no remarkable difference in the number of TCs in Northwest 
Pacific basin between El Nino and La Nina years. However, during the El Nino years, TCs 
tha t reach the intensities of TY  (case-2) tend to increase and that reaches the intensities 
of TD and TS (case-1) tend to  decrease in number in comparison with during the La Nina 
years.

Table 1. Activity of TCs in the Northwest Pacific basin and Bien Dong sea

El N ino La N in a N o n -E N S O Total

N um . Aver. Num.% Aver. N u m . Aver. Num. Aver.

N u m b e r  of TCs in  th e  NW Pacific

C ase-1 101 8.4 122 10.2 394 12.3 617 11.0
C ase -2 210 17.5 196 16.3 509 15.9 915 16.3
Total 311 25.9 318 26.5 903 28.2 1532 27.3

N u m b e r  of TCs o ccu rred  in  th e  B ien D ong sea

Case-1 35 2.9 56 4.7 173 5.4 264 4/7
C ase -2 73 6.1 90 7.5 204 6.4 367 6J>
Total 108 9.0 146 12.2 377 11.8 631 11.3

• N u m b e r  of TCs g e n e ra te d  in  th e  B ien Dong sea

C ase-1 19 1.6 30 2.5 82 2.6 131 2.3
Case-2 10 0.8 11 0.9 32 1.0 53 0.9
Total 29 2.4 41 3.4 114 3.6 184 3.3

Note: Num. -  Number of TCs in whole period,

Aver. -  Annual Average of number of TCs.
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In contrast, from the table 1, we can also see that, the number of TCs occurred in 
the Bien Dong sea is decreased considerably during the El Nino phases in comparison with 
during the La Nina phases. The mean annual number of TCs during the El Nino and La 
Nina in both cases 1 and 2 are 9.0 and 12.2. respectively. Thus, while the TCs occurred in 
Northwest Pacific basin have no changed so much between warm phases and cold phases, 
the TCs occurred ill Bien Dong sea are increased during the La Nina years and decreased 
during the El Nino years in number. The similar situations are showed in number of TCs 
generated ill Bien Dong Sea. Issue here, is whether shift of the genesis locations of TCs 
between warm phases and cold phases?

Fig. 2 presents frequencies of the genesis positions of TCs th a t occurred in North­
west Pacific basin with respect to  longitude and latitude. It is obvious that, during the 
El Nino phases the genesis locations of TCs tend to displace toward to the East and to 
the South. Ill contrast, during the La Nina phases the genesis locations of TCs tend to 
displace toward to the West and to the North. For more detail, the mean co-ordinates 
of the genesis positions of TCs during the ENSO phases with respect to the intensities 
and the geographical regions are calculated and presented in the table 2. To do this, 
the Northwest Pacific basin is divided into two regions: Bien Dong sea region and its 
complementary part (referee! as NW Pacific (1)). Again we can see th a t, in comparison 
with the N oil ENSO phase, there is the noticeable shift of the genesis locations of TCs 
during the warm phases and cold phases. In the case of whole Northwest pacific basin, the 
differences of the genesis positions during the El Nino and La Nina years corresponding to 
the intensities of TD and TS (case-1), TY (case-2) and TD, TS and TY  (case-1 and case
2) are 8.0, 6.6 and 7.5 degrees in East-W est direction, and are 2.9, 2.6 and 2.9 degrees in 
North-South direction, respectively.

Fig. 2. Distribution of the TCs genesis  position respect to a) lon g itu de and b) latitude

It is worth attention here is that, unlike the cases of NW Pacific (1) and whole 
Northwest Pacific basin, the genesis locations of TCs in the Bien Dong sea tend to the 
North (but not to the South) during the El Nino phases. The differences of mean positions 
corresponding to the intensities of case-1, case-2 and both are 0.8, 2.0 and 1.2 degrees, 
respectively. This might be an im portant feature of activity of TCs in the Bien Dong sea.
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T a b l e  2. T h e  m e an  genes is  positions  of T C s in th e  NW Pacific 
b as in  d u r in g  th e  ENSO p h ases

L ong itude L a t i tu d e

El N ino La N in a Non EN SO El Nino La N ina Non ENSO

TD a n d  TS

Bien Dong Sea 115.5 113.8 114.5 15.0 14.3 15.2
NW Pacific (1) 147.2 139.5 142.1 13.1 17.1 15.2

TY

Bien D ong Sea 116.3 114.5 116.5 16.5 14.5 16.2
NW Pacific (1) 148.3 141.6 145.6 11.6 14.5 13.3

TD, TS  a n d  TY *•

Bien D ong Sea 115.7 114.0 115.0 15.5 14.3 15.5
NW Pacific (1) 147.9 140.9 144.2 12.0 15.4 14.0

jhWhole NW pacific bas in

TD an d  TS 141.2 133.2 * 136.3 13.5 16.4 15.2
TY 1.46.7 140.1 143.7 11.8 14.5 13.4

TD, TS and  TY 144.9 137.4 140.5 12.4 15.2 14.2

Note: NW Pacific (1) is p a r t  o f  N o r th w e s t  Pacific bas in  from  120°E to th e  East.

4. C onclusions

Understanding tropical cyclone activity depend mainly on the length of data time 
series and accurate records. Base on an available data  sets from http://www.Unisys com 
we have made some examinations on the tropical cyclone activity in the Northwest Pacific 
basin, including Bi'eri Dong sea. Analyses the results showed that:

1) During the El Nino events, tropical cyclones tha t reach the intensities of typhoon 
(case-2) tend to increase and tropical cyclones that reach the intensities of tropical depres­
sions and tropical storm (case-1) tend to decrease in number in comparison with during 
the La Nina events.

2) The tropical cyclones occurred and generated in Bien Dong sea are increased 
during the La Nina years and decreased during the El Nino years, in number.

3) During the El Nino phases, the genesis locations of tropical cyclones in Northwest 
Pacific basin and Bien Dong Sea tend to displace toward to the East. In contrast, during 
the La Nina phases, the genesis locations of tropical cyclones tend to displace toward to 
the West.

http://www.Unisys
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4) There are differences in the North - South shift direction of tropical cyclone 
genesis locations between Bien Dong Sea and Northwest pacific basin during the El Nino 
and La Nina phases. The genesis locations of tropical cyclones in the Bien Dong Sea tend 
to the North, while ill Northwest Pacific basin tend to the South, during the El Nino 
phases.
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VỀ SỰ H OẠ T ĐỘNG CỦA XOÁY THUẬN NHIỆT ĐỚI 
TRÊN KHU VỤC TÂY BẮC THÁI BÌNH DƯƠNG 

VÀ BIỂN ĐÔNG TRONG M ố i QUAN HỆ VỚI ENSO

Phan Văn Tân

Khoa Khí tượng Thủy văn và Hải dương học 

Đại học Khoa học Tự nhiên - ĐHQG Hà Nội

Trên cơ sở tập số liệu quĩ đạo xoáy thuận nhiệt đới thời kỳ 1945-2000 nhận được 
từ kho lưu trữ số liệu bão qua địa chỉ Internet http://www.unisys.com, đã khảo sát sự hoạt 
động của xoáy thuận nhiệt đới (XTNĐ) có cường độ khác nhau trên khu vực Tây bác 
Thái bình dương và biển Đông theo các pha ENSO. Cường độ XTNĐ được chia làm hai 
loại: Loại đạt cường độ áp thấp nhiệt đới (TD) và bão nhiệt đới (TS) và loại đạt cường độ 
bão mạnh (TY). Kết quả cho thấy hiện tượng ENSO có ảnh hưởng đến tần suất xuất hiện 
và vị trí hình thành của XTNĐ. Nói chung, sô' lượng XTNĐ xuất hiện và hình thành trên 
biển Đông có xu hướng tăng lên trong những năm La Nina và giảm đi vào những năm 
El Nino. Trong các thời kỳ El Nino (La Nina) vị trí hình thành của XTNĐ dịch chuyển 
về phía Đông (Tây). Hơn nữa, vị trí hình thành của XTNĐ trên khu vực biển Đông trong 
những năm El Nino có xu hướng dịch chuyển vể phía Bắc, trong khi đó ở khu vực Tày 
bắc Thái bình dương lại có xu hướng dịch chuyển về phía Nam.
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