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Long-term variation of western Pacific typhoons during the 43-year period 
(1950-1992) was investigated in an attempt to relate typhoon activities with 
the variation of the sea-surface temperature (SST) inside the El Nino-sensitive 
area of the eastern Equatorial Pacific. The are is bounded by the longitudes, 
4°N and 4°8 and longitudes, 90°W and 150°W. 

An initial attempt of relating the SST with the number of annual typhoons 
was unsuccessful, because individual typhoons are quite different in terms of 
intensities and their lives. This failure resulted in the creation of the Typhoon 
Activity Parameter (TAP) which is the time integral of the maximum windspeed 
during a specific period of month, year, or typhoon's lifetime. It has been found 
that typhoon parameters are far better than typhoon numbers in studying the 
climatological aspects of typhoons. 

Unusual occurrences of three violent tropical cyclones in 1992 broke the 
known climatological record of U.S. hurricanes and typhoons. These storms 
which occurred within 18 days are: hurricane Andrew of 24 August, typhoon 
Omar of 28 August, and hurricane Iniki of 11 September. Because of the record 
damage of over 20 billioJ) dollars and their climatic significance, Fujita requested 
an approval for studying hurricane Andrew under his grant and was approved. 

It has been found that there were a large number of local spots where winds 
were far stronger than the published maximum sustained windspeeds. Detailed 
analysis of aerial photographs revealed an unexpected discovery of both 
microbursts and mini-swirls embedded inside the overall hurricane winds. 

These significant accomplishment.s were presented on 3 June 1993 during 
the Annual NASA Review at the Marshall Space Flight Center. 

1. Introduction of Typhoon Activity Parameter (TAP) 

The typhoon activity parameter is the time-integral of the maximum sustained 
windspeed for a specific period of one month, one year, or the life of an individual 
storm. Although the unit of the parameter is (m/s day), each integration was 
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performed by dividing a day into four 6-hour periods; 00-06, 06-12, 12-18, and 
18-24 GMT. Time-dependent windspeeds were computed from the central pressure 
making use of the regression equation obtained from Fig. 1. 
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Fig. Regression equation of maximum windspeeds vs 
central pressure obtained from the 30-year typhoon data 
over the Western Pacific (1960-1989). 

The typhoon activity parameter is expressed by 

TAP= J Wm dt unit in (m/s day). 

The individual typhoon activity parameter (!TAP) is obtained by integrating 
the TAP during the entire life of a specific typhoon. 

!TAP= J Wm dt unit in (m/s day) 
storm 

Likewise, the monthly typhoon activity parameter (MTAP) is a one month 
integration of the typhoon activity within a given month. 

MTAP = n /_Wm dt, 
month 

where n varies between 0.982 to 1.087 according to the 28 to 3l days of the 
month. The average number of days in one month is 30.437. 
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Monthly Typhoon Ac ti v.ity Parameter 
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Fig. 2 Monthly typhoon activity parameters (MT AP) between 1950 and 1992 
which vary from 1027 to 2425 (m/s day) per year. 1972 was the peak year. 

A total of 1,182 typhoons occurred during the period of Fig. 2. Annual typhoons 
of 42 in 1950 were the largest and 19 in 1969 were the smallest in number. These 
typhoon frequencies are far greater than those of Atlantic hurricanes, suggesting 
that climatic variation of typhoons can be detected more accurately than 
hurricanes which are more erratic due to less frequent occurrences. 

12-Month Running Mean of MTAP 
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Fig. 3 12- month running mean (upper) of monthly typhoon acitvity parameters 
(below). Due to significant seasonal variations of TAP, the 12-month mean shows 
the long-term changes very wel I. 
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After computing the 12-month running mean of the MTAP in Fig. 3, the 
first attempt was made to relate the El Nino-sensitive SST with the 12-month 
mean of the MTAP. The cross-correlation diagram in Fig. 4 was obtained by 
introducing a 9-month delay in occurrence time of the MTAP. In other words, 
the MTAP curve is shifted in time from left to right by 9 months relative to 
the SST. In effect, the increase in MTAP is hopefully in-phase with the 9-month 
delayed SST. ·· · 

Comparison of the two curves in Fig. 4 reveals that they are more or less 
correlated but not in all years. For instance, 1950-54, 1963-64, and 1974-92 
periods are highly correlated. Whereas, two periods 1955-62 and 1967-73 are 
poorly correlated. An attempt is being made to correlate the SST only with 
the MTAP consisting of large MTAP typhoons w)1ile eliminating most 
garden-variety typhoons with low parameters. 

3 

2 

0 

_, 

-2 

-3 

Smoothed SST vs MTAP 
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Fig. 4 . Smoothed SST of the east Pacific Equatorial Ocean and the smoothed 
typhoon activity parameter showing their limited correlation. A research is 
on the way to increase the correlation coefficient by eliminating garden-variety 
typhoons from the statistics. 

2. Mini-swirls and microbursts f otmd in hurricanes Andrew and lniki 

Fujita's post-Andrew aerial surveys in September revelaed the existence 
of the structural damage far severe than that could be done by the estimated 
sustained wind of 120 to 130 mph (54 to 58 m/s). By adding a 2096 gust factor, 
the estimated gusts will reach only up to 156 mph (70 m/s). In two local areas 
to the south of Miami, Fujita identified the damage suggesting the existence 
of approximately 200 mph (90 m/s) peak winds likely to be induced by 
sub-hurricane scale wind system or systems. 
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Extremely severe damage was found at Pine Woods Villa and Naranja Lakes 
area where concrete tie beams weighing one ton were blown as far as 50 m 
through the air before impacting the ground. There was a strong indication 
of swirling motions, either cyclonic or anticyclonic, suggesting the existence 
of non-tornadic swirls characterized by estimated 40 mis rotational and 50 
mis translational motions. 

A vortex of 40 mis rotation with the insignificant translational motion will 
not cause a severe damage. While steered by the wind of high-category hurricane, 
the vortex could induce a total wind of 40 + 50 = 90 mis. Under the assumption 
that a 15 to 20 mi s rotation of an initial vortex could be spun up into a 40 mis 
rotation while traveling beneath a strong convective tower in an eyewall, Fujita 
called the vortex a "spin-up vortex11 as described in the April 19 9 3 issue of the 
National Geographic Magazine. Later, he called the vortices "mini-swirls," 
because they could be generated by some unknown mechanisms {Fig. 5). 

Fig. 5 Formation mechanism of the mini-swirls 
hypothesized by Fujita and described in the National 
Geographic Magazine. Unlike tornadoes spawned by a 
single cloud, mini-swirls rotate in either cyclonic or 
anticyclonic direction. 

Plans for the Next Year Research 

Two major items 1. and 2. presented in this paper will be completed. It 
is expected that an excellent correlation between the El Nino-area SST and 
revised MTAP is established. The hurricane Andrew research will be completed 
and large-size damage maps of south Florida be printed in color for distribution 
by NASA before the second anniversary of Andrew on 28 August 1994. 
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