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Charles J. Neumann
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ABSTRACT. This study presents a statistical analy-
sis of Western North Pacific tropical storms and
typhoons over the 37-year period, 1946 -1982. Em-
phasis is on frequency and motion charateristics.
For various intraseasona1 periods and storm inten-
sities, charts and diagrams depict: (1) expected
storm frequency per unit area per 100-year
interval; (2) resultant speed and direction of
storms; (3) mean and standard deviation of storm
translational (forward) speed, and (4) storm tracks
upon which (I), (2), and (3) are based. Examples of
the utility of the data through the application of
the Poisson and gamma distributions are presented.

1. INTRODUCTION

A statistical analysis of Western North Pacific tropical cyclones
is presented. Emphasis is on their frequency and motion charac-
teristics. The study was prompted by the: (1) visiting scientist
programs between the United States (National Oceanographic and
Atmospheric Administration (NOAA» and the People's Republic of China
(PRC) whereby PRC scientists were assigned to the United States
National Hurricane Center (NHC) for extended periods and (2) use-
fulness of a similar, earlier study for the North Atlantic tropical
cyclone basin (Neumann and Pryslak, 1981).

As shown, the data presented here have both meteorological and
engineering utility. Meteorologists will find the storm track maps
and their digitized versions particularly useful for the proper struc-
turing of analog and CLIPER-class models (World Meteorological
Organization, 1979). Such models are used by many meteorological ser-

!This study was researched while the author was temporarily assigned
to the United States National Hurricane Center. A condensed version of
the study was presented at a national conference (Xue and Neumann,

1984)
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vices as objective guidance for operational prediction of tropical
cyclone tracks. For engineering applications, the data will provide
users with the ability to assess objectively, (through the Poisson and
gamma distributions) site-specific probabilities of various frequency
and motion storm parameters.

2.

DATA

All data and analyses presented here are based on the 927
recorded Western Pacific tropical cyclone tracks and their associated
maximum winds over the 37-year period 1946 -1982. Tropical systems
that failed to attain tropical storm2 status were excluded from the

analyses. The number of storms recorded each year is shown in Table
la. Table lb gives the cumulativ~ monthly totals for these same
storms. In the latter table, a storm was assigned to the month during
which it first attained tropical storm strength. For example, a storm
that became a tropical storm on 31 August, a typhoon on 1 September
and a major typhoon on 2 September was assigned to August for all
categories. Intraseasonal variation in the frequency of tropical
storms and typhoons3 is depicted in Figs. la and lb. In these
figures, data are given on a IOO-year basis (section 3.4.1).

ZAtropical storm is technically defined as a warm-core tropical
cyclone in which the maximum sustained wind (I-minute mean) ranges
from 34 to 63 knots.

3A typhoon is technically defined as a warm-core tropical cyclone in
which the maximum sustained wind (I-minute mean) equals or exceeds 64
knots.
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The data used to construct Fig. Ib were identical to those used
for Fig. la, except that a IS-day moving average was needed to remove
some of the apparently random day-to-day variations. However, it can
be noted in Fig. Ib that some longer period intraseasonal fluctuationsremain. 

It has not been determined whether these variations are real
or artificial.

---

Table lb. Number of tropical cyclones of specified intensity
beg;inning; in each month, 1946 -1982.

J F M A M J J A SON D ANN
>34 kts 17 10 19 26 39 60 143 173 172 136 89 43 927
>64 kts 10 2 10 20 29 38 90 115 123 105 60 27 629
>100kts 5 2 6 11 13 19 45 53 63 69 43 16 345

Western North Pacific storm tracks, with 6-hourly positions and
associated maximum winds, are recorded on a computer file that is
maintained by the NBC. The NBC does not have forecast responsibility
over this tropical cyclone basin; the file was created solely for the
use of visiting scientists undertaking various research projects at
the NBC. Originally, storm data at 12-hourly intervals were
obtained from the United States National Climatic Center (NCC) in

Fig. 

la. Number of tropical storms and typhoons (upper bar) and
typhoons alone (lower bar) to be expected per lOO-years on any given
day. These frequencies are based on all observed occurrences over the
37-year period, 1946 -1982.
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Fig. lb. Same as Fig.
IS-day moving average.

la except that data were smoothed using a

Asheville, North Carolina, and were interpolated to 6-hourly positions
using the method of Akima (1970). For 1980, 1981, and 1982, these NCC
data were supplemented by storm data (at 6-hourly intervals) published
annually by the United States Joint Typhoon Warning Center (JTWC) ,
Guam (for example, Annual Tropical Cyclone Report, 1982). Additional
minor modifications were based on storm tracks published by the
Central Meteorological Bureau, PRC (Central Meteorological Bureau,
1972).

Although Western North Pacific tropical cyclone tracks are
available for many years before 1946, these early tracks were not used
in the analyses. This decision was based on 1946 being a "milestone"
in tropical cyclone detection and monitoring. The year marks the
beginning of dedicated aircraft typhoon reconnaissance over the
Western North Pacific in which specially instrumented aircraft and
specially trained flight crews were used. Hence, storm data of 1946
and beyond, as used here, can be expected to be more realistic than
data for earlier years. Another milestone occurred in the mid-1960's
with the introduction of the weather satellite for the detection and
tracking of tropical cyclones and for the assessment of their inten-
sity.

Storm intensities referred to in this study (footnotes 2 and 3)
are technically defined by the maximum sustained I-minute surface wind
observed near the tropical cyclone center. However, the ability to
measure winds with the precision implied by this definition rarely, if
ever, exists. The meteorologist who is responsibie for tracking a
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storm must assign a maximum sustained surface wind, usually from
fragmented or, in some cases, nonexisting, actual wind information.
Users of tropical cyclone data should be aware of these practical
limitations in the ability to specify maximum surface winds in tropi-
cal cyclones.

The tropical cyclone tracks in this study are known, technically,
as "best tracks". These are the smoothed, archived renditions of
storm tracks from which small-scale (10 to 30 n.mi.) oscillations of
the "eye" about its mean track have been removed. These oscillations
are not considered representative of the more conservative larger
scale motion of the entire storm envelope (World Meteorological
Organization, 1979, Chapter 9). Additional information on tracking
tropical cyclones is in Crutcher and Quayle (1974), Neumann!:!:..!l.
(1981) and Jarvinen !:!:..!l. (1984).

3. COMPUTATIONAL PROCEDURES

3.1 Interpolation to Hourly Storm Positions

The Western Pacific storm track computer file, referred to in the
section 2, contains 6-hourly storm positions and associated winds at
0000, 0600, 1200 and 1800GMT. For this study, hourly positions and
intensities were required. Therefore we used the bivariate inter-
polation scheme described by Akima (1970). The method has been found
to give a more faithful rendition of storm tracks than other inter-
polation methods. An example of a storm track generated by this
method is shown in Figs. 2 and 3.

3.2 The Grid System

The subject tropical cyclone basin extends from the International
Dateline (1800 longitude) westward through the Asian coastal areas and
from a few degrees north of the equator to beyond 450 north latitude.
For digital counting, a grid, having a 21/20 latitude and longitude
spacing, was constructed to cover this area. The grid extended from
101.25E, eastward to 173.75E (30 grid points) and from 1.25N, north-
ward to 46.25N (19 grid points). Equal-area circles were centered at
each of the (30 x 19) grid points. We chose a 75 n.mi. radius circle
(139.5 km) for most computations in this study. Rationale for
selecting this distance is discussed in this section. An illustration
of the grid using the 75 n.mi. circles is included as Fig. 2. Each of
the 927 storms over the period of record (in the form of hourly
positions) was passed through the grid. Information was recorded for
each of the circular areas for various seasonal and intraseasona1
periods and storm intensities as follows:

1) The number of storms that passed through the circle. If a
storm exited a circle and reentered (a rare occurrence), it
was counted only once.

2) The average meridional component of storm motion while the
storm was transiting the circular area.

5
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3) The average zonal component of storm motion while the storm
was transiting the circular area.

105110115120125130 135 I~O 1~5 150 155 160 165 170 175 180 1:~0

~

ij5

Fig. 2. Array of 75 n.mi. (139km) circles used in storm frequency and
motion computations. Storm track is that of typhoon ELSIE, 1981.

Fig. 

3. Enlarged
portion of Fig.
2 showing inter-
polated hourly
positions of
typhoon ELSIE,
1981.
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4) The average translational (forward) speed while the storm was
transiting the circular area.

5) The standard deviation of (4)

Note that the speeds in items (2), (3) and (4) were averaged over
the time the storm was passing through the circle. This method,
rather than one that simply accrues all speeds per circle, avoids a
bias towards slower moving storms. For example, typhoon ELSIE, 1981
(Fig. 2) had 13 hourly positions within the circular area directly
southeast of 25N, 130E, but only 4 hourly positions within the cir-
cular area directly northeast of 30N, l40E. Had each of these speeds
been individually summed with the speeds of other storms that passed
through the same circle, a bias toward the slower storms would have
resulted.

3.3 Scan Distances Other Than 75 n.mi.

The statistical tabulations (1) through (5), above, were computed
for areas having a 75 n.mi. radius (139.5 km), as depicted in Fig. 2.
The choice of 75 n.mi. for these calculations was prompted by its
nearness to the average radius that was associated with at least some
damage, damage potential, or damage concern from the storm. However,
the frequency of storms passing within other radii also may be of
interest. Accordingly, the seasonal calculations in item (1), above,
were repeated for radii of 25, 50, 100, 150, and 200 n.mi. with the
same (30 x 19) grid shown in Fig. 2.

For some applications, it may be desirable to estimate annual
tropical storm and typhoon frequency over radii of still other
measurements than those cited above. This analysis could be
accomplished with the method illustrated in Fig. 4. Here, the
lOa-year frequencies at the six data points were estimated from the
six charts given in appendix A-IV, pages A69, A70 and A7l. Note that
the relationship between storm frequency and scan distance (radii) is
linear and can be described by an equation of the form, y .cl + c2x,
where y is number of storms and x is radii. The constants cl and c2
can be determined by the usual least-squares methods (Mills, 1955).
At other sites, the relationship between x and y may not be linear and
fitting of the six data points to an exponential curve or power func-
tion may be required.

3.4 Additional Computational Procedures

3.4.1 Storm Frequency -The tabulation procedure described in item 3.2
(1) yields the number of tropical cyclones of a specific intensity and

over a specific time period that passed through the circular area over
the 37-year period 1946 -1982. For user convenience and for com-
parability with similar data for other tropical cyclone basins, a
100-year storm frequency was estimated by multiplying the 37-year fre-
quencies by the factor 100/37. The storm frequency data were also
passed through a nine-point smoothing-desmoothing filter, which is
discussed by Gerrity (1977) and Shuman (1957). Next, the grid was
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scaled for plotting on a given Mercator map projection using Akima's
(1973) bivariate interpolation scheme.

3.4.2 Vector Motions -Resultant storm direction and speeds were com-
puted from items 3.2 (2) and 3.2 (3) whenever the raw storm count
(before smoothing and expanding to the lOO-year frequency) was at
least 5 storms per 37 years. For the expanded lOO-year period,this
restriction is equivalent to about 14 storms.

Fig.4. 

Relationship
between circular
scan distance (x)
and number of storms
per 100 years (y) at
specified site.

CHARTS AND TABLES4.
Charts and tabular data depicting frequency and motion charac-

teristics of various intensity Western North Pacific tropical cyclones
are presented in appendix A for portions of the year as well as for
the year as a whole. Chart Series A-I (pp. A4 through A38) is based
on all tropical cyclone tracks or track segments having winds of at
least tropical storm strength (footnote 2). Chart Series A-II (pp.
A39 through A63) and A-III (pp. A65 through A67) are similar to Series
A-I, except that they are based on track or track segments having
winds of at least typhoon strength (footnote 3) or at least major

typhoon strength (~100 kt.), respectively.

through A71)
storms and

givestyphoonsthe estimated
that passed

(pp. A68
tropical

Series A-IV
frequency of

Chart
lOO-year
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within 25, 50, 75, 100, 150, and 200 n.mi. of any given point over the
basin. Here, the chart for the 75 n.mi. radius is identical to that
given earlier in Series A-I. Reinclusion here facilitates comparison
with adjacent charts.

5. DISCUSSION

Data presented graphically and in tabular form in appendices A-I
through A-IV have meteorological and engineering applications. Some
of them are briefly discussed in this section.

5.1 Storm Tracks

An obvious meteorological application of the analyses is the
determination of mean or "prevailing" storm tracks and the ways that
they change during the January through December storm season.
Knowledge of these patterns will often assist operational forecasters
in assessing the climatological credibility of a forecast track.

In the broadest sense, Western North Pacific tropical cyclones,
similar to those in other tropical cyclone basins, consist of two
classes --those that spend their entire existence embedded in the
easterlies (nonrecurvers) and those that eventually recurve into the
westerlies (recurvers). These classes of storms are clearly iden-
tifiable in the mean annual depiction shown on pages A36 and A37.
Nonrecurving storms advance west-northwestward at lower latitudes in
response to a synoptic-scale ridge to their north. The mean track
extends across the Northern and Central Philippines into the South
China Sea across the Island of Hainan. Recurving storms, on the other
hand, although starting out in the easterlies, are subject to more
northerly motion in response to an advancing trough in the westerlies
and eventually take on an easterly component of motion. This
recurving takes place before storms reach as far west as the
Philippines; it covers a wide area, but is somewhat concentrated in a
southwest-to-northeast "channel", southeast of Japan. Whether a storm
will be a recurver or nonrecurver is a recurring forecast problem in
most tropical cyclone basins.

Although the broad-scale annual track patterns described above
exist in the mean annual sense, they are made up from many intra-
seasonal patterns that can only be distinguished or inferred through
study of shorter period intraseasonal stratifications. For example,
one can note the intrusion of accelerating storms into the Yellow Sea,
principally 16 July -15 August (pp. Al8 and A19)j the southeastern
shift of recurving storms away from the Japanese Islands after IS
October (beginning on page A30)j the peak storm activity during
September over the South China Sea (pp. A24 and A2S)j the tendency for
two recurving zones in November (pp. A32 and A33) as well as during
certain other months, etc.

These, and numerous other identifiable intraseasonal patterns,
are closely related to seasonal changes in general circulation pat-
terns and associated synoptic-scale events which, if properly iden-
tified, can assist the operational forecaster in assessing storm

9



motion. Analog prediction models objectively identify these
"families" of storm tracks. Proper structuring of analog prediction
algorithms is facilitated by a knowledge of seasonal trends. Further
discussion of analog models is beyond the scope of this study; the
reader is referred to World Meteorological Organization, 1979, for
additional information.

5.2 Variability of Tropical Cyclone Motion

It is known that tropical cyclone motion is much more persistent
in some areas than in others. For example, visual inspection of storm
tracks passing across the Central Philippines near 14N, l24E in July
(page A17) shows these tracks to be moving toward the west-northwest.
However, during this same period, storms in the area near 24N, 136E
are seen to be moving from a variety of directions. An index of this
"steadiness of motion" or "steadiness", as it is sometimes referred
to, can be obtained by dividing mean resultant storm speed for a given
site (column D) in the appendix tabular data (Chart 4) by the average
(scalar) speed as given in column E. The scalar speeds are always
greater or equal to the resultant vector speeds. When this ratio is
high (approximately 0.90 or higher), the resultant direction given in
column C can be relied upon to represent the most likely direction of
motion for storms in that area. When this ratio is low (approximately
0.75 or less), the interpretation is that the resultant direction has
been computed from storms that are moving in a variety of directions.
Consequently, it is quite likely that a storm might move in a direc-
tion different from that of the resultant direction.

For example, consider the storms moving across the Central
Philippines and those passing near 24N, 136E, referred to in the pre-
ceding paragraph. Fig. 9, on page A3, gives the index number for
these locations as 88 and 197, respectively. For site 88, both the
vector speed and the average storm translational speed (columns D and
E, respectively, of tabular data, page A17) are given as 13 knots.
The high value of the steadiness value (13/13 = 1.0) indicates that
storms moving through this area are subject to only slight deviations
from the vector direction of 2950 given in column C of the tabular

data.

For site 197, the resultant speed (column D) is given as 7 knots
and mean speed (column E) is given as 12 knots. This low steadiness
value (7/12 = 0.58) indicates that storms moving through this area can
be expected to deviate considerably from the vector direction of 3510
given under column C.

5.3 Storm Intensity

Not including the tropical depression stage, tropical cyclones
over the Western North Pacific basin average about 5.6 days duration
(Fig. 5) with occasional storms lasting up to 2, or even 3, weeks.
During this period, storms go through periods of intensification,
maturing and decay, with the duration of each stage and the maximum
wind being a function of several of environmental and geographical
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factors. There are certain portions of the tropical cyclone basin
where storms tend to be more intense. These areas can be identified
by an "intensity index", which is computed by dividing the frequency
of typhoons for a given site (Chart Series A-II) by the frequency of
typhoons and tropical storms combined (Chart Series A-I) for that
site.

For example, the 100-year annual frequency of storms that had at
least tropical storm strength and that passed within 75 n.mi. of Guam
(13.5N, l44.6E) and Okinawa (26.2N, l27.7E) are 120 and 165, respec-
tively. These data are visually interpolated from the isoline analy-
sis given on page A36 of Chart Series A-I. For the same sites, the
frequency of storms having at least typhoon strength is read as 55 and
110, respectively (Chart Series A-II, page A62). The intensity index
at Guam computes to 0.46 and at Okinawa, 0.67. Thus, storms that
affect Okinawa, since they are closer to maturity than those that
affect Guam, are, on the average, more intense.

Further calculations similar to the above show that highest
intensity indices (near 80%) occur near 24N, 129E where storm motion
averages slightly west of due north at about 8 knots. Depending upon
user requirements, other indices can be computed from data given in
Chart Series A-III.

Fig. 5.
distributi
tropical
duration
tropical
stage).
duration
days. To
of storms
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5.4 Poisson Probabilities of Storm Occurrence

One of the main uses of the data given in appendix A is in the
determination of site-specific probabilities of storm occurrence. It
has been shown for the Atlantic basin (Hope and Neumann, 1969) that
the frequency of discrete numbers of storms passing through a given
area over a given time interval is described by the Poisson distribu-
tion (Burington and May, 1958)

p{x} = e~X/x!J

where p(x) is the probability (O~P~l) of exactly x events over an
interval, m is the mean of the event over the interval and e is the
base of natural logarithms (2.71828+). For at least one occurrence of
the event, it can be shown that (la) becomes

P (x.?:.l) = 1.0 -e-ln

The Poisson distribution is particularly convenient to use, since the
mean of an event4 is the only parameter needed to define the distribu-
tion.

To test the applicability of the Poisson distribution over the
Western North Pacific tropical cyclone basin, consider Fig. 6, which

Fig. 6 Number of
tropical storms
and typhoons
passing within 75n.mi. 

of site 114
(centered 16 1/4N,
123 3/4E) during
each year, 1946 -

1982. The total
number of storms
was 89, giving a
mean annual occur-
rence rate of 2.41
storms per year.

gives the actual count of tropical storms or typhoons passing within
75 n.mi. of circular area number 114 (see Fig. 9) for each of the 37
years, 1946 -1982. These data are further summarized in Table 2.

Table 2. Observed frequency N tropical storms or typhoons per year
that passed within 75 n.mi. of site 114 over the 37-year
period 1946 -1982. The total number of storms was 89.

NUMBER OF STORMS (N) 0 1 2 3 4 5 6 7 8 9
NUMBER OF OCCURRENCES 3 8 10 9 4 1 1 1 0 0
FREQUENCY (O~F~l) .081 .216 .271 .243 .108 .027 .027 .027 .000 .000

41n the Poisson distribution, the mean and variance are equal.
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Note that the number of storms that occur in any given year ranges
from zero (1958, 1969, and 1912) to seven (1914). The Poisson proba-
bilities of these events from (la) are given in Table 3 with the mean
of the event being taken as 89/31 = 2.41 storms per year. The
observed frequencies given in Table 2 are in close agreement with the
computed probabilities given in Table 3. The usual chi-square test
(Burington and May, 1958) indicates a very high degree of certainty
that Table 2 data are distributed according to Poisson expectations
(null hypothesis not rejected).

Table 3. Computed Poisson probabilities of N tropical storms and
typhoons passing within 75 n.mi. of site 114 in any given
Year.

NUMBER OF STORMS (N)
PROBABILITY (O~P~l)

0 1 2 3 4 5 6 7 8 9
.090 .217 .261 .209 .126 .061 .024 .008 .003 .001

The following examples illustrate additional uses of the Poisson
distribution:

1 What is the probability of no typhoons or tropical storms
passing within 75 n.mi. of Guam in September?
Solution. -From appendix A-I, page A24, the observed fre-
quency of the event as estimated from the iso1ine analysis is
17 storms per 100 years or 0.17 storms per year. According
to (la) and since O! = 1.0, there is a probability of 0.84 or
84 out of 100 years.

2) What is the probability of the same site observing no storms
passing within 75 n.mi. over two consecutive Septembers?
Solution -The 2-year mean, estimated to be twice the
I-year mean, is given by 2 x 0.17 = 0.34. Substituting m =

0.34 into (la) gives a probability of 0.71.

3) What is the probability of at least 1 tropical storm or
typhoon passing within 75 n.mi. of Shanghai (3l.2N, l2l.4E)
in any given year?
Solution. -From appendix A-I, page A36, the 100-year fre-
quency of the event is read as about 35 storms, giving an
annual mean of 0.35 storms. From (lb), the probability of at
least one storm in any given year is 1.0 -0.70 or 0.30.

4) What is the probability of >5 tropical storms or typhoons
passing within 200 n.mi. of-15N, 125E in any given year?
Solution -From appendix A-IV, page A71 (bottom of page), the
estimated mean number of storms per year is read as 5.6 (560
per 100 years). The desired probability can be obtained
from

P(~5) = 1.0 -p(O) -P(l) -P(2) -P(3) -P(4)
= 1.0 -.004 -.021 -.058 -.108 -.152 = 0.657

13



5) What is the probability of no tropical storms or typhoons
being in existence over the Western North Pacific basin on
September 15?
Solution -From Fig. 1b, the 100-year frequency of storms is
read as 103. This is equivalent to a mean of 1.03 storms per
year for that date. From (la), the probability of no storms
in existence on 15 September computes to 0.36 or 36 out of
100 years.

5.5 Storm Translational Speeds

For certain applications, (i.e., determination of storm surge

probabilities), distributions of sto'rm translational (forward) speeds
are helpful. Storm translational speeds, being bounded at the lower
end by zero and, theoretically, unbounded at the upper end, can be
described by the gamma distribution (Burington and May, 1958)

p(v) = [ba+lF(a+l)]-lvae-v!b b>O, a>-l, v.?.O,

where a and b (referred to as shape and scale parameters,
respectively) are constants, ris the gamma function, v is storm speed
and p(v) is in units of probability (O5P~l). The constants a and b
are estimated from the mean (m) and standard deviation (s) of a sample
of storms:

a = (m2Js2) -1

and

b = 821m.

The mode of the distribution (value of v at maximum p(v» is given by
the product ab,

mode = ab = ill -s2/m.

Values of m and s, for samples of storms, are given by columns E and
F, respectively, of the tabular data included in appendices A-I, A-II,
and A-III.

As an example of the use of the gamma distribution, determine the
probability of typhoons advancing on Southern Japan (near site 273 -
see Fig. 9) during September with forward speeds> 30 knots. On page
A53 (appendix A-II), note that the mean and standard deviation of the
forward speed of the 13 storms that passed within 75 n.mi. of the site
over the 37-year period (36 typhoons over a 100-year period) was 20
and 9.84, respectively. From (3) and (4), the parameters a and bare
estimated from the data to be a = 3.13 and b = 4.84. From statistical
tables (Burington and May, 1958), the value of na+1) = r(4.131) =
7.090. Eq. (2) becomes

p(v) = O.OOO209v3.13e-v/4.84

14



The probability of v>30 is given by

f~V)dV'
P(v>30) = 1.0 -

Eq. 7 can be evaluated by solving for centered speed-class-intervals
of 1 knot according to

29.5

p(v)30) -1.0 -L1(V)

v=0.5

= 0.148.

The procedure is graphically illustrated in Fig. 7.
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exceeding 30 knots, represents 14.8% of the area under the
curve. Arrow shows location of mean speed.
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of mean speed.

8.

Another example of a gamma distribution that represents a dif-
ferent regime of storm translational speeds is shown in Fig. 8. Here,
off the Central Philippines, both the average storm speed (12 knots)
and the standard deviation of the speeds (4.07 knots) are considerably
less than those used to generate the gamma distribution shown inFig. 

7.

As in other distributions, the use of the gamma distribution
requires that certain conditions be met. One of these conditions is
that the data fitted to the distribution be homogeneous (i.e., not be
a mixture of two or more distributions (Crutcher et al., 1982». It
is likely that annual data, as given on pages A36, A37, A38, A62, A63,A66, 

and A67 are, indeed, made up of mixtures of two or more speed
distributions. This could occur, for example, where storms are under
the control of different synoptic regimes. Thus, the use of annual
data in determining parameters a and b is questionable over some por-
tions of the basin.

Another consideration in using the gamma distribution relates to
in the shape parameter.!.. The method of estimating the shape

16



parameter as given by (3) is referred to as the "moment estimator"
method. There are somewhat better "maximum likelihood estimators" of
the shape parameter that can be used. However, both estimators are
subject to bias for small sample sizes (n<30) in that the shape para-

meter is apt to be too large. A discussion of the problem and tables
of corrections for both the moment estimator method and the maximum
likelihood estimator method are given by Crutcher and Joiner, 1978,
and Crutcher and Joiner, 1980.
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APPENDIX A --CHARTS AND TABLES

A.I Introduction

Charts and tabular data that depict frequency and motion charac-
teristics are presented for various portions of the typhoon season and
for three wind speed criteria. Chart Series A-I (pp. A4 through A38)
is based on all tropical cyclone tracks or track segments having winds
of at least tropical storm strength (I-minute sustained winds of at
least 34 knots). Chart Series A-II (pp. A39 through A63) and A-III
(pp A65 through A67) are similar to Series A-I, except that they are
based on tracks or track segments that have at least 64 knots (typhoon
strength) and 100 knots, respectivel¥. Because sample sizes decrease
with increasing wind speed limits, the number of stratifications in
each series is greater in the case of the smaller wind speed limits
(18 stratifications are given for Chart Series A-I, 12 for Chart
Series A-II and 1 for Chart Series A-III). The final Chart Series
A-IV (pp. A68 through A71) gives, for the entire year, the number of
tropical storms and typhoons that passed within 25, 50, 75, 100, 150,
and 200 n.mi. from any given point.

A.2 Chart Descriptions

The basic data set for each temporal stratification consists of
four chart types, Chart 1, Chart 2, Chart 3, and Chart 4.

Chart 1 -Contours, at appropriately spaced intervals, depict the
number of storms per 100 years that passed within
various distances of any point in the basin. For Chart
A-I, A-II, and A-III, this distance is 75 n.mi. For
Chart Series A-IV, the distances are 25, 50, 75, 100,
150, and 200 n.mi. These distances, respectively, are
equivalent to 46,93, 139, 185, 278, and 371 km.

Chart 2 -Entries give resultant speed (knots) and direction
(degrees) toward which storm is moving. Entries have
been omitted when the storm frequency was < 5 over the
37-year period of record (approximately 14 storms per
100 years).

Chart 3 -This chart gives specific storm tracks used in the
computation of Charts 1 and 2. The entire storm track
is shown, even though some portions may not have met
the stratification criteria (time of year or intensity)
and were not included in the computations.

Chart 4 -This panel gives miscellaneous tabular data A through F
as follows:

Column A -The index number of circular area as defined
in Fig. 9, page A3.

Al



Column B -Expected number of tropical cyclones passing
within 75 n.mi. of any grid point per 100
years. This is an unsmoothed value (see
section 3.4.1) and may differ slightly from
the smoothed analysis given in Chart 1.

Column C -Resultant (vector) direction in degrees
towards which storm moved over the period of
record. This is identical to the direction
implied by the plotted arrow in Chart 2.

Column D -Resultant (vector) storm translational speed
in knots. .This is identical to the speed
given in Chart 2.

Column E -Average translational speed of storms
without regard to direction (scalar speed).

Column F -The
data.

standard deviation (knots) of Column E

A2
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A.3 Chart Series A-I

Charts and tabular data in this series are based on portions of
storm tracks that had intensities of at least 34 knots and are given
for the following periods:

Chart types included*Page(s)Stratification period

1 JAN -31 JAN AS

1 FEB -28 FEB A6

A7 1,31 MAR -31 MAR

1 APR -30 APR A8, A9 1, 2, 3, 4

1, 2, 3, 41 MAY -31 May AIO, All

Al2, AI3 1, 2, 3, 41 JUN -30 JUN

A14, A15 1. 2. 3. 416 JUN -15 JUL

1, 2,3,4A16, Al71 JUL -31 JUL

A18, A19 1, 2, 3, 416 JUL -15 AUG

1, 2, 3, 4AlO, A2l1 AUG -31 AUG

1, 2, 3, 416 AUG -15 SEP A22, A23

A24, A25 1, 2, 3, 41 SEP -30 SEP

A26, A27 1, 2, 3, 416 SEP -15 OCT

A28, A29 1, 2, 3, 41 OCT -31 OCT

AJO, A31 1, 2, 3, 416 OCT -15 NOV

1, 2, 3, 41 NOV -30 NOV A32, A33

1, 2, 3, 4A34, A351 DEC -31 DEC

1, 2, 3 4A36t A37t A381 JAN -31 DEC

*For a description of chart types, see page AI.

Note: All charts in this series are based on a scan-distance of 75

-n.mi. (139.5 kID)
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192 3& 338 9 10 3.311
193 330011 9 12 11.75
1911 22 359 10 13 11.87
198 III 028 10 III 11.73
21& III 350 10 12 1.88
217 17 351 13 15 5.&0
218 17 357 12 12 &.15
21922003 II 12 7.08
220 19021 1& 17 7.57
221 III 039 III IS &.77
21111 17023 13 IS 8.'12
211522022 13 15 7.211
2118 III 038 12 15 9.23
2119 III 0110 1923 5.&2
270 III 012 15 1& &.13
271 17032 III III 5.12
273 III 033 1920 10.117
301 III 011& 1923 8.73

A15

5 150 155 160

./

r'=

/

-

/

65 170 175

""--

t

!

~

-
~s

1,,5\
'".0

3

125

30

10

1::-

0



l~rp ~5 120 125 130 135 I~O 1~5 150 155 160 165 170 175 180

K
ijS

-e-

-""'---'"

ijO ~ul

~

r'"
t71

351 3S
( '-"

130

'--
""""

25

2020

11Sii15

1101 110"'

~M~
r.:-

roo--iOS-ll-0m--120 125 130 135 IqQ Iq5 ISO 155 160 165 170 175~17~

TROPICRL STORM RND TYPHOON FREQUENCY JUL -31 JUl

--

105 110 115 120 125 130 135 1110 ~~O 155 160 165 170 175 180

K

~

ij5

",:

[r;:-'-.!
ijO

"0~1~JI~

5

~

A16



10

I~

~n

35

un

ijS

Is~OO 105 110 115 120-
IJ]

p

~

5 110 115 120 125 130 135 lijO lij5 150 155 160 165 170 1

~

~ ~

..

A e C D E f"
67 lij 276 II 12 3.ijO
6828299 12 13 2.95
69 17 303 12 13 3.8ij
70 17 306 7 9 3.51
85 lij 290 lij 15 3.07
86 19 300 lij 15 3.33
87 lij 301 lij lij 1.79
88 lij 295 13 13 1.96
89 30299 12 lij ij.27
9025288 II 12 3.12
91 28290 II 13 ij.ijl
9225292 II 15 3.18
93 33292 13 lij ij.06
9ij 30 299 13 13 ij.99
95 lij 296 12 13 ij.53

109 17 301 II 12 1.28
110 30 '03 10 II ij.ijij
1112229711135.00
11228296 12 lij 5.8ij
113 30285 lij 15 ij.90
Ilij ijl 292 12 13 ij.03
115 33 29. 10 II 3.25
1163029511113.9ij
117 30 29ij 12 13 5.38
11828 295 12 13 5.0ij
11922 '03 II II ij.52
133 lij 287 10 10 2.ij6
13ij 17291 10 II 3.7ij
135 25 307 9 10 ij.78
136 30299 12 13 5.16
137 33 '07 10 12 3.65
138 ij6 302 9 II ij.06
139 38299 II 12 2.7ij
lij030297 II II 2.71
lijl 38 313 9 10 3.62
lij2 38297 13 13 ij.26
lij3 52 303 II II ij.8ij
lijij 38 302 10 12 5.30
lij5 lij 289 lij lij 2.07
lij7 17 338 5 13 6.37
lij8 19 328 9 12 5.86
lij9 lij 315 lij 15 3.08
160 17297 12 12 3.22
161302991011 ij.lij
162 '3 303 8 10 2.77
163 ijl 307 9 10 3.71
16ij 33 307 9 II ij.Oij
16528 319 7 10 3.16
166 38 'Oij II II 3.71
167 57 310 10 II 3.ij;
168 36 306 II 12 ij.57
169 '8 'Iij 8 10 3.76

TROPICAL STORM AND TYPHOON TRACKS 1 JUL -31 JUL
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A8CDEF
17025 320 8 10 ".73
17122 311 6 9 3."1
172 17 318 7 10 3.98
173 17299 12 12 3.82
17" 28 329 II I" ".66
19022 317 8 II 3.81
191 38 325 II 13 2.80
192 "" 333 9 10 3.19
193 38 3,,7 6 10 "."8
19" 36 332 9 11 5.22
195 I" 337 8 8 2.61
19622 337 12 13 6.53
197 19 351 7 12 ".17
198 33 330 7 II "."5
199 30 320 10 12 3.66
200 17 322 11 13 ".65
201 17 3,,3 7 12 7.37
202 I" 021 8 12 8.13
21622 331 II 12 2.,,7
217 30 322 11 12 3.37
21828 333 7 II ".77
219 "1 3"1 8 10 5.2"
220 33000 9 12 6.22
221 25016 8 12 6.""
222 33 3"8 10 13 6.11
22325 318 12 1" 5.93
22" 25 330 12 1" 5.15
22525 323 12 13 3.83
226 I" 330 7 1" 3.86
227 1" 316 II 12 5.38
2"3 I" 3"1 12 15 6.53
2"" 19 327 10 11 ".15
2"5 30 357 7 12 6.13
2"6 3000" 7 12 5.93
2,,7 30 325 9 13 5.63
2,,8 38 337 9 I" 7.77
2,,9 38 3,,9 II 17 7.10
250 33 3"9 9 15 6.08
251 25 309 II 13 3.,,0
252 17 311 8 II 1.7"
253 17031 9 17 6.76
27022 350 12 12 6."1
271 19 3"5 9 10 5.66
272 19 323 7 9 ".02
273 30 330 10 I" 5.23
27'128 321 12 17 5.91
27522 350 9 1'1 8.2'1
276 19027 15 17 7.85
277 17019 13 15 6."3
296 19009 16 18 8.53
501 22030 1'1 16 7.33
503 1'10'12 18 19 10.75
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A8ro£r
08 17 ~Ol 1'1 1'1 2.89
8922293 12 13 '1.0'1
90 19288 11 I~ 3.50
91 3329'1 II I~ '1.05
92 19 303 10 15 3.&1
9325300 12 13 5.~~
9'1 19 307 13 1'1 '1.85

11022 300 8 10 3.58
III 19 308 7 10 5.'17
112 17 288 1~ 15 5.71
113 30 28'1 1'1 15 '1.70
11'1 30 289 12 12 '1.55
115 3D 291 II II 3.'12
110 30 301 7 II 5.00
11728 300 8 13 5.72
11828 317 7 12 5.78
119253'11013&.12
122 1'1 31'1 'I 7 3.3'1
123 19 321 7 8 3.37
13'1 19289 9 10 3.05
135 36 301 8 9 3.50
130 36295 9 10 3.9'1
137 '1'1 292 9 II '1.12
138 'II 298 9 11 3.00
139 33295 12 12 2.96
1'1028 29'1 10 10 2.67
I'll 30 302 8 9 '1.02
1'12 3D 298 12 13 3.32
1'13 'II 30'1 II II '1.37
1'1'1 28 300 9 II '1.61
1'15 28 322 9 12 '1.75
1'10 19 313 9 12 '1.06
1'17 1'1 318 'I 9 '1.62
1'1828 332 9 11 '1.01
1'19 17 320 13 1'1 3.'11
151 1'1 312 10 10 6.2'1
160 17285 12 13 5.08
161 33298 8 9 3.85
162 36 300 8 10 3.11
163 'II 301 10 II '1.35
16'1 33 300 8 12 '1.02
165 30 331 7 11 2.75
166 36 308 8 10 3.82
167 '1'1 313 9 10 '1.36
16825 311 9 10 '1.87
169 '1'1 323 7 10 3.09
170 36 322 7 10 '1.01
171 28 33'1 8 11 5.10
173 19 320 9 13 '1.3'1
17'125 325 12 13 '1.15
175 17 307 7 8 3.90
176 17 310 9 9 5.'19

TROPICAL ST~RM AND TYPH~ON TRACKS 16 JUL -IS AUG

A8CO£f
188 Ilf 297 IS 16 S.8S
189 11f 308 9 13 S.6S
190 30290 7 II 1f.8S
191 38 317 9 12 3.10
192 Ifl 320 10 II 1f.09
193 SS 317 9 II 5.31
191f Iflf 311f 9 10 1f.80
19S 30 319 9 10 S.53
196 30 318 10 11 1f.99
197 38 31f2 9 13 5.02
198 38 328 7 II 3.93
199 38 327 9 12 3.77
200 36 31f2 9 12 5.31
201 22 328 6 II 3.70
202 Ilf 009 5 10 5.21
203 Ilf 337 7 9 If. If 0
216 19 321 II 12 3.23
217 36 301 10 12 2.78
218 36 323 7 II 1f.6S
219 Iflf 323 7 9 1f.80
220 36 330 8 10 1f.21f
221 28 328 9 10 3.62
222 36 332 II 12 6.10
223 Ifl 328 12 Ilf 5.90
221f 30 323 12 15 5.61f
22S Ifl 32S II 13 5.92
226 33 31f3 9 12 5.38
227 22 336 II 13 5.01f
228 Ilf 313 10 II 5.73
21f2 17 326 10 II 1.78
~1f3 17 317 II 13 2.83
21f1f 30 327 10 II 1f.12
2lfS 33 31f0 7 12 5.68
21f6 38 31f1 6 10 1f.92
21f7 38 308 10 12 1f.71f
21f8 Iflf 323 10 13 6.19
21f9 38 318 II Ilf S.09
2S0 38 320 10 13 5.06
251 Ifl 321 10 13 1f.1f3
2S2 36 326 9 II 3.S7
253 33 331 9 12 1f.90
27022 31f5 II 12 5.19
271 22 350 9 II 5.76
272 36 31f6 7 9 3.58
273 38 328 10 13 5.01
271f 33 313 12 IS 6.22
27528 328 9 13 5.92
27628 358 9 12 7.51
277 33 31f9 9 12 1f.65
278 Ilf 328 5 9 2.91
279 17016 8 9 3.20
29622 356 Ilf 15 7.13

A19

A8corr
29922015 13 1'1 5.22
300 1'1005 10 13 '1.31
301 19018 15 16 8.72
302 1'1 013 16 17 8.87
30322027 12 13 '1.85
311 ;'1002 8 12 5.35
322 17005 1921 8.9'1
325 19023 16 17 8.'10
326 1'1 035 21 22 6.7'1
329 1'1 037 15 16 1.50
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A 8 C 0 E ,.
65 III 2811 10 10 11.25
69 III 292 13 13 3.'8
91 192911 II II 3.115
92 III 288 II II 3.80

9' 25 '02 II 12 11.82
9ij 22 '0& 12 12 3.01
95 17292 II 12 11.711

1111729881111.711
11211129181111.89
II' 17 '01 8 II '.82
Ilij 25 295 10 II 11.99
115 28 290 10 10 ij.O'
116 '0 '10 5 10 6.32
117 '6 '00 9 13 11.76
118 '6 '03 9 13 11.511
119 '8 '19 8 I' 11.111
12025 '12 9 I' 11.01
12'28 '1' 7 8 3.59
1'3 III 273 9 9 2.85
I'" '0 281 8 9 2.56
1'5 ijl 289 8 9 3.117
1'& '6 282 8 9 '.110
1'71111 288 7 9 3.110
1'8 '8 290 9 II '.93
1'9"29&1112 '.13
1110 '0289 10 II 3.30
1111 "282 10 12 11.07
lij2 1111 2811 II 12 3.63
III' '8 '09 9 11 ij.2ij
11111 '0297 II 12 11.27
11151111 '12 10 12 11.112
1116 "'19 9 III 5.15
lij7 25 '05 9 13 6.07
1118 3' '16 II I' 11.28
1119 17 "3 8 II 11.07
159 17288 II 12 11.67
16022286 12 12 '.99
1611729591011.'1
16228 '011 10 II '.07
16328292 12 12 11.28
1611 25 3011 9 12 11.116
165 '8 '15 9 12 '.9'
166 ,& '15 8 II '.5'
167 '0 '16 9 10 11.11
168 '0 '19 10 12 11.39
169 III '111 7 II '.ij2
170 ijl 316 8 II '.711
171 19 ,,& 10 12 7.'8
172 III '27 10 12 7.16
17' 19 '"5 10 III 11.58
175 lij '18 8 9 3.53
176 III '28 9 II 5.19

ffi
IS 120

TROPICAL STORM AND TYPHOON TRACKS I AUG -31 AUG
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---'- 25 130 135 I~O 1~5 150 155 160 165 170 I
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A8COEf
190 33 285 9 II 5.08
191 36 300 10 12 3.70
192 III 311 9 II 11.110
19357 313 8 12 11.93
1911 57 3110 6 10 3.98
195116 328 8 II 5.31
196 33 327 7 10 11.17
197 36 31111 8 12 5.25
198 28 000 5 9 3.19
19925 3115 9 12 5.311
200 33 3116 9 13 5.68
201 25 330 6 11 11.20
202 III 350 6 12 3.80
203 III 3111 8 II 2.811
2011 19299 8 II 11.51
205 17 299 10 13 7.111
216 19 306 II II 2.111
217 30293 II 12 2.69
218 30 309 10 11 3.116
2191111 318 7 10 11.82
220116 326 6 10 5.12
221 116 329 7 11 11.117
222 33 332 9 II 5.112
~23 36 332 10 12 5.30
2211 19 306 II 12 6.011
225116 333 9 12 6.00
226 III 3116 7 II 5.111
227 19 323 8 II 5.15
22825 308 10 12 11.18
229 19 305 10 II 5.13
2112 17 308 8 10 3.60
21111 30 332 8 10 11.33
2115 III 335 8 10 11.12
2116 38 323 6 9 3.22
21171111 326 6 9 3.1111
2118 33 3110 8 10 3.89
2119 30 329 10 12 3.77
25025 326 9 II 5.38
251 33 335 10 12 11.38
252 33 31111 9 II 3.97
253 36 3311 9 12 11.67
27025 3511 10 10 11.13
271 33013 9 10 11.22
272 38025 8 10 3.62
2731111 012 9 II 3.93
2711 36 350 8 10 3.17
275 19 3118 II 15 6.79
27628 3115 8 10 7.02
277 30 338 9 II 11.90
278 22 3211 7 10 5.21
279 190011 8 9 3.13
29625008 13 III 11.27

ijO. lijS ISO 155
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A 8 C 0 E f"
29722012 12 13 11.76
298 17020 11 13 8.115
299 30022 13 15 11.65
300 30026 13 15 3.57
301 300211 15 16 7.119
30228009 16 18 7.17
303 30011 10 13 6.110
305 111 016 10 II 11.79
307 III 068 11 III 7.39
308 1901111 10 III 7.52
309 170111 10 15 7.81
32322028 1920 8.08
32525026 1920 8.66
326250322021 5.29
327 19018 1720 6.78
328 111 015 1922 8.55
329 30 OS5 15 16 6.08
330 190117 111 15 11.58
332 19055 10 13 6.76
3311 17018 10 1'1 6.29
335 170'12 8 11 7.02
3119 1'1032211 25 10.211
350 III 0311 26 28 7.30
S52 III 029 26 26 '1.77
353 III 027 20 22 6.03
S511 III 030 25 28 '1.611
S57 170'17 16 18 '1.116
358 1'1057 16 17 5.06
359 1'1059 17 18 5.53
379 1'1031 26 30 5.90
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A 8 C 0 £ f'
89 22 296 II III 6.80
9022289 10 12 5.96
92 17 278 12 12 6.09
9325289 II II 11.18
911 30295 13 13 3.113
9528291 13 13 11.30
96 19288 III I~ 5.02

108 I~ 2711 9 9 11.20
110 19283 10 II 5.69
III 19 281 I! III 7.21
112 28 28~ 10 II 7.38
113 III 306 8 10 5.27
II~ 25 293 II II 5.06
11528289 9 10 11.118
11625296 10 10 11.10
117 38298 9 II 3.89
11833295131~ 3.11
119116 3011 10 13 ~.911
120 '6 '03 9 12 11.60
122 17 298 10 II 3.15
123 '3 299 9 10 3.85
1211 19287 9 10 3.89
I'" "277 8 9 3.33
1'5116281 9 10 ~.2~
1'6 ~~ 278 9 9 11.115
1'7 ~9 286 9 10 3.79
1'8119287 10 II ~.50
1'9 ~9 288 II 12 3.70
I~O 116 288 10 II 3.22
1~1~12811011 ~.2~
1~2 55 285 10 II 3.91
1~3 119 '01 9 10 3.55
I~~ ~I 'Oil II I' 5.00
1~5 ~9 '02 10 II 11.25
1~6 '0 312 10 I~ 5.50
1~7 '0 '0' II I~ ~.'6
11181111 '08 II 13 '.96
1~9 22 322 9 12 3.83
159 17297 10 10 1.95
16028285 II II '.35
161 28285 II II 3.115
162 '6297 9 II 2.69
16' " 2911 10 II 2.96
16~ '6 310 8 10 ~.6~
165 ~~ 313 9 12 ~.07
166 " 312 10 12 '.03
167 '8 298 9 10 ~.Ol
168 "'15 8 12 '.92
161 ~6 '07 9 12 '.88
170 ~6 '10 8 12 ~.07
171 '6218 1 10 5.'0
172 "'12 7 II 5.'~

TROPICAL STORM AND TYPHOON TRACKS 16 AUG

ABCO£F
173 36 320 9 12 1I.~3
17~ 25 326 12 I~ 2.50
IBB 17 2B7 B 10 3.1~
IB9 19 30B B II 2.50
190 2B 310 10 II ~.91
191 ~I 305 10 12 3.31
192 ~I 311 9 II ~.O~
193 38 305 7 10 ~.37
19~ 55 3~7 6 10 3.98
195 ~9 332 9 12 ~.6~
196 38 325 B II 5.03
197 25 3~3 7 10 ~.B9
19B 22 326 9 12 ~.72
199 33 333 9 II 5.56
200 19 3~3 9 II 5.~9
201 19 337 B 10 3.~0
20225 325 9 10 3.~5
20325 313 9 II 3.79
20~ 19 30~ B II 5.5B
21625 318 B II ~.56
217 30 305 B 10 2.~2
21828 300 9 II 2.9~
219 ~I 30~ B II ~.55
22052 317 B 12 5.95
221 55 333 8 II 6.16
222 3B 326 B II 5.02
223 ~~ 323 B 10 3.~2
22~ 28 311 7 10 ~.35
225 ~I 327 7 10 5.29
22628 318 6 10 3.61
227 30 316 7 9 3.39
22828 320 9 II ~.32
229 17 311 II 12 5.79
231 I~ 338 8 I~ 3.13
232 19 332 8 13 5.~3
2~2 I~ '5~ 9 12 6.07
2~~ 25 3~2 B 9 3.56
2~5 '6 "7 9 II 5.66
2~6 '8 '32 6 9 6.08
2~7 52 3~2 B II ~.79
2~8 '3 351 B 10 5.19
2~9 '6 '50 8 II ~.'6
250 17 '31 8 9 '.83
251 22 '5' 12 15 7.69
252 19012 10 I~ 6.82
253 28 '~7 B 10 5.03
25~ I~ '23 12 I~ 3.67
269 I~ Ol~ II I~ ~.II
270 19 '52 7 9 ,.~~
271 '3001 9 II 11.27
272 '3032 9 10 '.8~
27355021 12 I~ 5.68

A23

A8CD£F
27'1 33 D09 12 13 6.50
275 19006 13 15 5.57
276 19010 8 10 3.77
277 19013 11 1'1 7.66
278 19026 10 15 7.68
27928020 12 1'1 5.86
280 1'1 3'12 12 1'1 5.85
281 1'1 3'11 II 1'1 7.15
282 19 351 II 15 7.3'1
29622025 1'1 1'1 '1.97
297 19018 12 13 5.13
298 19033 1'1 15 9.07
299 36020 17 18 5.9'1
300 '1'1 031 17 18 6.06
301 30023 15 16 6.55
30228015 15 18 6.58
30322012 12 15 8.'1'1
30522016 16 18 5.76
306 1'1016 15 17 3.03
308 1'1 032 8 10 '1.21
32322030 1920 8.38
325 30017232'1 6.91
326220262021 2.9'1
32728025222'1 8.10
328 1'101521 22 9.68
329 1903'1 15 16 7.79
330 1'1057 13 1'1 5.0'1
331 19037 12 17 6.53
332220'17 1821 10.5'1
333 17038 1820 8.30
335 1'1057 10 II 7.66
3'19 17036232'1 9.86
351 220202'126 7.21
352250232'125 5.85
35'1 1903628 30 5.3'1
'58 1'1 050 23 2'1 10.25
359 1705322 23 6.15
'60 1'10'19 1821 12.07
378 17 OliO 25 27 7.211
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~eCO£F
70 17289 10 10 3.37
87 17287 12 12 7.12
8825288 9 12 5.112
89 33291 12 III 5.88
90 36 291 II 12 11.63
91 19278 11 12 5.20
93 30299 10 II 11.&3
911 25 290 13 13 11.32
9528292 II 12 3.85
9622295 II 13 11.211

108 1927& 9 10 3.95
10922275 8 10 3.50
110 III 2811 10 II 5.06
III 3D 279 11 12 7.26
112 36 285 13 III 7.58
113 17289 13 13 11.50
1111 30298 12 12 3.76
11525297 10 II 3.30
11625299 II II 3.111
117 30 301 9 10 3.97
11825297 II 12 11.85
119 III 307 10 II 5.07
12028299 9 10 3.68
121111303111211.02
12222 301 11 12 11.52
123 33295 9 10 11.115
1211 28 290 11 12 11.07
125 19 287 13 III 3.89
126 111 291 12 12 2.88
127 19 292 9 II 3.26
133 17 277 II II 2.87
1311 30277 10 10 11.31
135602811 9 10 11.30
1361111 281 10 10 11.01
13760282 10 II 11.30
138 55 287 10 II 11.118
1391111 28& II II 11.22
1110 III 296 10 II 3.1111
1111 33 303 9 10 11.59
1112 III 306 9 10 3.55
1113 33296 10 II 3.111
11111 III 312 II 13 11.611
IllS 38 312 8 9 3.96
1116 30 '08 10 II 11.112
1117 38 301 II 12 3.00
11181111 301 II 12 11.27
111930 311 II 12 3.79
150 III 300 12 12 5.75
16022283 9 9 11.211
161 " 287 10 10 3.62
162 '8286 9 10 3.52
163 36 '03 8 10 3.66

TROPICAL STORM AND TYPHOON TRACKS I SEP -3D SEP

I~
)

A8CDEF
16~ 38 307 7 9 ~.59
165 36 30~ 8 II ~.69
166 ~I 301 10 II ~.22
16755298 8 10 ~.07
168 ~I 302 8 12 11.01
169 ~~ 301 II 13 3.36
170 ~I 301 II 12 3.35
171 ~6 301 10 II 3.92
172119 307 9 12 3.99
1731111 322 10 12 1I.2~
17~ 28 325 II 12 3.27
178 I~ 32~ II 12 6.06
188 19282 10 II 3.83
18928 301 9 12 2.89
190 30 313 8 10 1I.5~
191 ~I 309 8 II 3.10
192 ~~ 319 9 13 3.~~
193 33 309 8 10 3.23
19~ 33 331 7 II 11.211
195 30 330 9 12 11.92
196 36 323 9 II 5.26
197 33 333 10 12 ~.66
198 19 323 15 16 11.03
199 33 3111 9 12 ~.39
200 30 33~ 7 9 3.56
201 19 337 8 9 3.18
202 17 323 9 10 3.52
20322 3211 8 9 11.65
20~ I~ 327 8 10 6.06
216 19 322 7 10 5.13
21725 3011 7 10 2.60
218173165113.70
21928006 7 III 6.118
220 36 3~6 8 13 6.56
221 38 351 II III 8.115
222 33 333 9 II 5.25
2231111 331 9 II 11.29
22~ 30 338 8 12 6.73
225 30 3511 6 II 5.63
226 30002 7 10 11.111
227 25 3311 7 9 3.22
228 I~ 337 8 10 3.90
229 17 338 7 10 11.119
231 I~ 316 10 III 2.85
232 III 315 10 III 11.19
233 17 300 8 12 5.911
2~6 33019 12 III 10.511
2117119015 III 17 10.88
2118 36 023 I~ 16 9.65
2119 30013 II 12 5.27
251 22017 III 17 7.75
25228 027 I~ 16 8.35

A25

A 8 ( 0 E
25322023 II 13
255 III 352 II III
272 III 032 10 II
273116 02Q 18 18
2711 380292223
275 30023 20 21
27625033 15 17
27722025 13 15
278 30036 III 16
279 3301111 16 18
28028009 13 17
282 III 3118 10 19
283 190111 9 17
299 300192021
300 33031 211 25
301 360311 26 27
3022803523211
3011 III 035 17 17
30522018 18 19
306 30031 1820 I
307220111 21 211 I
310 III 052 21 21
312 III 063 1820
325250202526
326 170282627
327 30032 32 32
328280311 29 30
331 190282022
332 17038 211 211 I
333250382627
351 17021 211 25
352 190282626
3511 25 0311 32 33
359 170111 2627
360 1901111 23 25 I
361 III 0511 23 27 I
380 III 038 30 31

~
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1S
"-

10

p

5

0

'5

A8(Orr
.;'j III 296 II 12 II.II~
70 III 302 6 9 3.27
83 17289 8 10 11.110
811 17 277 ~ ~ 11.17
86 1928, (, ~ 3.,,';
8728287 II 13 ".2,
88 33292 II II 2.~3
89 38291 II 12 3.~Q
90 30 188 10 10 2.S~
91 25 283 IC II 2.60
92 III 3011 II 13 3.96
9325 302 10 II 3.88
911 II 293 10 10 3.87
9525292 7 ~ 2.50
9622 3011 7 9 3.77
97 192911 12 13 3.89
98 19296 III III S.23

109 30 287 .; ~ 2.72
1101111 280 II 12 3.6~
III 1111 280 9 10 1I.E.7
1121111 28S 12 13 ".011
113 2S 283 13 III 2.75
11115730111123.18
1151191871111 ;.07
116 36 2811 12 13 3.35
11728289 12 12 3.28
118 38 290 10 II 3.111
119 3E. 2911 9 10 3.~0
120 30293 9 11 3.72
121 17289 II 12 11.75
III 28 298 10 II 7.00
123 30 302 10 10 6.119
1211 22 297 10 II 11.111
125 17 293 lij 15 3.22
126 19295 12 13 3.33
127 19286 II 12 3.76
12822 289 9 12 11.87
133 30271 10 10 3.29
1311 33 275 II 11 11.76
135 57 289 9 10 3.86
136 38289 9 10 3.10
137 38 283 9 10 11.66
138 38 291 9 10 11.55
139 33 290 II II 11.33
1110 33 296 10 11 2.87
1111 30 311 7 10 11.79
1112 30 302 8 II 3.63
1113 19 309 10 10 3.27
11111 II 327 9 II 3.01
1115 19 320 6 9 3.93
1116 25 306 9 10 3.86
1117 36 303 10 II 3.1111

TROPICRL STORM RND TYPHOON TRRCKS 16 SEP

7
"'"1

r~

A ~ ( [J [ r
III~ 30 2ge II II 11.76
III~ 33 308 10 12 3.~5
15111132~12137.111
160 111282 8 9 3.~9
161 25 303 7 9 3.96
Ir,2 30 3011 7 9 3.911
Ir" ,8 317 6 8 11.50
1&11 3' 312 8 10 11.28
1!;51111 3111 7 II 11.72
1&6 36 300 8 II 11.73
1&7 3~ ,03 9 II 3.72
168 36 300 9 12 3.115
169 33299 10 12 3.70
170 30 300 10 12 3.011
171 25 312 10 12 2.95
17, 33 316 12 I' 3.83
173 33 326 II 13 3.58
1711 22 328 9 9 2.60
175 III 328 8 9 2.511
177 19 328 II 12 5.86
1781932512135.11
18925 300 10 II 3.75
19022 312 8 10 3.26
191 25 323 5 9 2.93
192 30 339 7 II 11.19
193 30 3115 8 II 3.67
1911 17 356 7 II 3.36
195 170311 7 11 6.17
196250111 9 12 5.711
197 30 3117 12 15 11.90
198 17 319 III 15 5.50
199 30 352 10 12 11.67
200 36 336 9 II 11.113
,01 17 3115 5 7 11.23
20] III 335 6 8 3.27
203 19 355 6 9 3.111
2011 17 352 8 13 11.50
21925036 12 III 5.95
22028028 10 12 7.22
221 22005 10 III 8.82
222 30006 9 12 3.88
223 III 005 II III 5.17
2211 19009 9 III 8.51
22528019 10 III 6.02
226 36017 12 III 6.06
227 17 355 12 III 11.09
22822 3112 7 10 2.07
22922 330 6 10 3.118
2116 30036 16 17 9.89
2117 33033 1920 11.63
2118 30030 1920 8.99
2119 30028 18 19 5.82
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A8COEr
250 III 023 21 23 9.23
251 22029 13 15 0.16
2~2 33027 17 19 8.811
253250311 1921 8.33
2511 III 011 12 13 1.117
255 III 0211 II III 11.25
273 30033 1920 10.22
2711 380362223 7.21
275 360311 2325 6.60
276 33 037 21 23 9.79
277 1901122022 8.112
278 36032 17 18 7.21
279 38 0115 20 22 8.65
280 38038 1921 9.113
283 19050 13 17 6.91
2811 III OliO III 17 5.72
299 III 018 1920 6.85
300 190322728 10.66
301 360111 2627 6.29
302 3301111 27 28 7.36
303220522829 11.118
3011 28 0118 26 27 11.55
3052201162527 12.96
306 330311 21 22 11.011
307 300117 25 26 13.118
308 III 0113 30 33 10.23
311 III 0511 23 23 2.19
327 17035 35 35 5.77
328 22 037 31 32 6.32
329 1701111 27 27 5.117
330 19053 31 31 10.79
331 25011729 30 11.91
332 25 050 26 29 10.77
3332201132627 9.89
3311 17 0116 31 31 9.33
335 III 053 39 39 7.06
3511 III 0311 311 311 11.96
356 III 0111 29 30 3.86
358 17 037 30 31 8.111
359 1901132628 6.69
360 17052 23 211 6.76
361 17055 30 31 10.11
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TROPICAL STORM AND TYPHOON TRACKS 1 OCT

A8CDEr
63 III 282 II II 2.53
611 19282 10 II 3.87
65 19285 II II 5.118
66 17 291 9 II 6.85
67 III 293 III III 5.07
6822286 II 12 5.80
69 19279 13 III 5.12
70 17291 12 III 11.89
71 19291 15 16 5.00
72 III 288 16 16 2.58
73 19288 10 II 11.69
82 III 275 8 9 11.06
83 33270 9 II 11.21
811 33273 10 II 11.63
8522283 8 9 2.8~
8628280 "1 9 11.06
8728287 9 II 2.~1
88 36290 10 II 2.28
89 30 29~ 10 II 3.99
90 22 290 II II 11.32
91 30 290 10 II 11.711
92 30 300 10 12 5.16
93 25 282 12 13 11.21
9~ 25 289 II II 3.69
95 25 292 8 10 3.86
9625290 8 10 5.03
97 17297 II 12 11.79
98 19296 13 13 3.53
99 III 28~ 12 12 5.08

108 I~ 287 10 II 2.611
109 30281 6 8 2.10
110 38271 9 10 3.28
III II~ 281 8 9 II.O~
112 II~ 288 10 10 2.56
11325285 13 13 2.69
II~ 1111 298 10 12 2.72
115119289 10 12 3.31
116 III 280 II 12 3.~9
117 36 289 10 II 3.83
11852 298 9 10 ~.Ol
119 33 288 II II 5.03
120 33293 9 10 3.71
121 28 29~ 10 II 5.21
122 30297 10 II 6.88
123 33 303 10 12 6.27
126 III 298 I~ III 5.22
128 17 306 9 10 11.117
129 I~ 307 7 10 II.I~
133 22 269 10 10 3.81
13~ 33 279 II II 11.16
135 33290 9 10 3.~2
136 30289 8 9 11.03

A8COEr
13728293 9 9 2.66
13825289 9 10 3.011
13928288 10 II 11.21
111022282 II 12 1.78
1111 25 315 II 9 3.00
1'1225 315 5 10 3.113
111325 32'1 7 9 2.80
1'1'125002 6 9 2.52
1'1525 308 7 9 2.71
1'16 19 305 II 12 11.'11
1'1725 323 9 II '1.3'1
1'1928 333 8 II '1.2'1
15322 317 9 10 3.53
15'1 1'1 318 9 10 3.'16
160 1'1299 8 9 3.56
161 22 309 7 9 3.95
16225 326 6 8 2.91
16'1 19 310 9 II '1.09
16522 321 7 II 5.0'1
166 17 312 6 12 '1.65
167 1'1 313 9 12 3.'1'1
168 36 3111 6 10 3.50
169 33 328 7 10 2.99
17025 3'19 8 12 '1.73
171 28002 II 12 '1.33
172 19 3112 8 II '1.26
173 19 3118 8 11 '1.01
1111 22 3'19 10 12 '1.'12
175 1'1 356 9 10 5.89
11722 3311 9 12 5.57
17825 319 9 II 3.'17
17922 313 8 9 3.811
193 11020 9 II 5.17
1911 17002 9 10 3.91
195 190113 10 13 6.011
19628031 13 15 6.12
197 30013 15 17 5.66
198 1'1 329 II III '1.99
199 19 356 9 II 5.58
200 330011 11 13 5.83
201 17029 9 10 8.119
20222 3117 8 II 5.26
20325 3111 7 II 1.95
2011 36 3211 8 13 '1.10
22028026 II 13 6.10
221 19032 9 13 1.'15
222 19017 10 12 5.39
223119026 15 17 6.31
2211 25 035 19 19 7.58
225 190211 II 1'1 8.3'1
226 30 013 16 17 7.03
227 19 013 13 15 5.87

A29

A8COEF
22825005 9 II 11.911
22922 356 8 II 2.65
2311 III 357 2 8 3.119
2116 III 0112 19 19 6.65
21172201122021 7.10
2118 19011321 22 8.00
2119 300382021 7.35
250 3603723211 7.58
251 250522223 9.25
252 300311 21 22 8.72
253 30 029 1920 8.12
2511 III 029 16 17 5.110
25522037 III 15 3.113
273 170392022 6.36
2711 22 01111 22 211 6.62
2752501152627 6.65
2762801152627 8.75
2772501152929 3.63
278 30 0110 22 23 7.98
279111 0111 23211 8.05
280 3001111 23211 8.111
281 2201122021 5.69
282220511 17 19 11.35
28322057 18 19 6.97
302 19051 30 30 7.33
303250511 32 33 9.59
3011 300119 30 31 11.93
305 190532628 13.35
306 300352526 9.12
3072801111 25 26 8.93
308 III 051 31 33 7.01
311 17 0117 27 27 8.119
330 19051 35 36 12.58
331 250119 32 311 15.35
33228011928 31 11.811
333 1905029 30 12.80
338 III 052 28 29 11.09
357 III 036 39110 10.19

31 OCT
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A 8 ( [J r I"
'II 17282 1'1 1'1 5.~6
'12 19295 12 I~ 'I.S9
'13 1'128'1 15 15 2.56
57 1'1 270 II II 3.0"
GI 1'1 29E, 1'1 1'1 '1.'11
G2 1'1 27E, I" I" 'I.S2
G3 28 28S 12 I~ :!.~7

G'I 25 288 I:' 12 'I, ~O
G5 3028'1 12 12 'I.S6
GG 19288 II 12 &.13
G7 19299 1'1 IS 'I.:!5
G8 28 292 12 I~ S.G3
G9 25 282 IS IS '1.39
70 30285 1'1 IS '1.1'1
71 17287 18 18 '1.0'1
7325287 II II ~.IO
7'1 1'127:' 9 10 3.09
83 3G 2G2 9 I:! ~.3'1
8'1 3G 275 II I:' ~. 78
852828E, 9 10 3.88
8625288 II I:' 3.56
8725289 12 12 2.1'1
88 ~3 290 10 II 2.38
89 36298 II I:' 3.87
90 ~8 292 10 II '1.73
91 36285 10 II 5.56
92 '11286 12 13 5.69
93 33286 IS IS '1.26
9'1 30288 12 12 '1.02
95 36 28~ I~ 13 ~.'I'I
96 36279 13 1'1 3.55
97 19287 13 1'1 5.1'1
98 19288 12 13 3.55

108 1'1 290 10 II :'.G2
10928282 7 8 3.05
110 'II 277 7 9 3.32
III 33289 7 8 2.75
112 33297 9 9 2.'11
11330296 9 II 3.11
11'13029'11212,.11
115 '1'1 297 9 II 3.'18
116 '1'1 29'1 10 II '1.59
117 '1'1 291 II 12 '1.98
118 '1'1 296 9 10 '1,53
119 36 :!92 I; 12 5.05
12022 295 Iv 12 '1.7'1
12122299 12 13 5.'1'1
123 28 295 9 II '1.76
12'1 17 297 10 II '1.0'1
13'1 1'1 292 9 10 2.57
135 17 317 8 9 3.57
136 22 289 7 8 '1.36

TROPICAL STORM AND TYPHOON TRACKS 16 OCT -15 NOV

~ B ( 0 £
137 1, ,89 ~ 10
138 1e ,95 8 10
139 1e ,89 7 9
1110 1, 301 9 II
1111 31; 31e I; ~
III' 33 3110 I; ,
1113 n 3n 7 !
11111 1, 350 7 !
1115 n 307 8 I(
111(, III 30e II I:'
1117 17 31& 9 II
111915 3115 8 II
1&1 n 337 7
1&1; 111007 8 I
I&e 33018 8
11;918 358 7 I
170 19001 II I
171 19 001; II I
1711 17018 11 I
175 17009 11 I
178 III 310 8 I
179 17 317 8 I
191 17033 11 I
193 1901111 II I
1911 22 023 II I
19S 2S 03S 13 I
191; 19037 15 I
197 17019 17 I
200 170111 III I
201 2802& III I
202 19011 10 I
203 III 332 8 I
2011 2S 30& 9 I
220 2S 0117 IS I
221 280..9 19 1
222 190111 18 I.
223 300111 21 21
2211 2203& 20 21
22& III 0011 17 18
227 III 032 17 19
228 2J 033 20 20
229 19031; 13 15
230 III 0311 III 17
2117 17011522 22
211825 OS5 211 211
21192805& 2! 22
250 38011321 22
251 28058211 25
252 190111 22211
253 170322223
2511 19032252&
25S 2S 0113 18 19

A31
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.~6
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.73
.3~
.30
.22
.311
.10
.28
.69
.76
.72
.211
.11
.97
.112
.07
.18
.611
.011
.16
.85
.21
.116
.91
.92
.60
.90
.59

A 8 ( [) £ F

257 1'10&52023 9.55
27& 1705& 27 28 &.5&
277250'1827 28 &.&~
27822051 2'126 9.1&
279 190'152627 7.2S
280 170'11 2729 8.83
281 220'1'12'12& 9.65
282 17053 18 19 5.15
283 17052 1& 18 7.5'1
30'1 17050 31 32 13.28
30& 22 0'19 30 32 &.33
307 190'132728 &.'1&
333 1'10'18 37 38 7.'11
337 1'1057 31 32 8.'15

60 17~.
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A 8 ( [J r r
III III ,,81 15 1& 3.,,5
112 19 }9£. III IS 3.28
113 III 300 13 III 11.05
57 17265 10 II '.'0
58 III 281 I:! I;' 11.55
59 III 279 IS I', ,.s,
60 17287 I; III 11.51
61 22 28, I' III 5.7;'
62 22 27~ III IS 5.117

632828:- 12 I' ~.7~
611 25 281 13 III 5.118
6528 28£. 12 13 11.89
66 19 }87 III III 11.1:-
6722 292 III 15 ~.1I8
68 30292 13 III 3.97
69 28 28~ III I', 5.10
70 25 28; 15 I~ ;.(,2
71 III 291 III III II. ~I
7} 17 28£. 15 I~ ~.(,5
73 25 28~ I:: I; ~.&3
711 III 28& III I~ 7.08
8325211£' 9 10 3.75
811 25 ~75 9 10 II.O~
85 3329;' 9 10 11.39
86 33 ;'83 9 10 11.110
8725 }811 12 13 2.52
88 38291 10 II 2.112
891111 }91 II 12 3.6'1
90119 }811 10 II 11.117
91 III 2811 J I II 11.67
92 III ;'77 13 III 11.111
931111 287 III I~ ,.60
911 116 288 12 12 11.25
95 38 281 13 I' 3.35
96 36 277 III III :-.62
97 25 288 III 15 11.59
98282911 13 13 ~.1I7

10~ 19295 9 9 11.50
11028286 8 9 ~.9~
III 22 292 8 9 1.99
11228298 8 10 1.95
1131111 296 9 10 2.56
1111 38 299 10 II ~.90
115 38 ~95 8 II ~.56
1161111 292 It" I~ 11.91
117116:'8~I~J3 5.12
118 30 ~88 II 12 11.117
119 36297 10 II 11.211
120 17291 I' 13 11.09
123 17 306 10 12 ~.72
138 2} 333 7 10 3.78
139 30 310 7 9 3.73

\

~
..0'

1Z

A33

~
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A.4 Chart Series A-II

Charts and tabular data in this series are similar to Chart
Series A-I, except the analyses are based only on storm tracks or por-
tions of storm tracks that had intensities of at least 64 knots
(typhoons). Data are presented for the following periods:

Stratification period Chart types included*Pages

1 JUN -30 JON A40, A41 1, 2, 3, 4

16 JUN -15 JUL A42, A43 1, 2, 3,4

1 JUL -31 JUL A44, A45 1, 2, 3, 4

16 JUL -15 AUG A46, A47

1. 

2.3.4

1 AUG -31 AUG

A48, 

A49 1,2,3,4

16 AUG -15 SEP A50, A51 1, 2, 3,4

1 SEP -30 SEP A52, A53 1, 2, 3, 4

16 SEP -15 OCT A54, A55 I, 2, 3, 4

1 OCT -31 OCT A56, A57 1, 2, 3, 4

16 OCT -15 NOV A58, A59 1, 2, 3,4

1 Nav -30 Nav A60, A61 1, 2, 3, 4

1 JAN -31 DEC A62, A63 1, 2, 3, 4

*For a description of chart types, see page AI.

Note: All charts in this series are based on a scan-distance of 75-n.mi. 
(139.5 kID)
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332 III 0119 21 23 11.11
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TYPHOON TRACKS 1 OCT -31 OCT

A8CO£F"
611 III 280 9 10 3.85
65 17282 10 10 5.51
83 III 285 9 10 3.68
811 III 291 9 10 5.23
85 III 292 8 9 3.82
86 III 285 10 II 11.08
88 19291 10 10 2.58
89 17283 10 10 5.09
91 III 289 II 12 6.02
92 III 299 10 II 6.97
911 172811 10 10 11.33
95 III '00 10 II 11.23

109 111279 8 8 2.115
11025279 9 10 3.011
III 25278 9 9 3.98
11228 288 9 10 3.117
113 19281 13 13 2.53
1111 30296 II II 2.112
1153328910113.63
116 30282 10 II 3.511
11722287 10 II 3.89
11825 300 8 10 11.27
119 19291 II II 5.73
120 19 311 8 10 2.38
121 19 305 9 II 5.22
122 17295 9 10 6.78
123 III 310 9 12 6.85
1311 22 286 10 10 1.811
135 25 286 9 10 2.611
136 17 299 6 7 3.80
137 22 291 8 9 2.80
13822288 9 9 2.90
13922291 9 10 2.29
1110 19282 11 12 1.66
1111 17 328 5 9 2.811
1112 17 332 6 9 3.28
1113 17 319 7 8 2.111
11111 17 350 7 9 3.07
1115 19 308 8 9 3.12
1116 19 3011 II 12 11.113
111722 323 8 10 11.311
111922 '32 8 II 11.63
1611 III 308 II 12 11.51
165 III 292 12 12 5.35
166 III 295 9 II 11.57
16828 3118 6 10 3.511
16925 326 6 10 3.111
170 19 3118 9 II 11.18
171 17000 II 12 11.92
173 III 355 10 10 3.68
1711 19 '56 II 12 11.70
177 19 '33 7 10 3.86

A8COEF
178 17 306 8 10 3.16
193 17020 9 11 5.17
1911 17002 9 10 3.91
195 III 0211 9 II 5.26
196 III 025 13 15 11.119
19725020 15 16 5.90
199 III 358 II 13 5.25
20028003 12 III 5.76
201 111013 7 8 8.111
202 19 350 8 11 5.62
20322 31111 7 12 2.01
2011 28 338 7 12 2.97
22025023 II 13 6.09
221 17026 9 III 7.93
223 38027 III 17 7.00
2211 190110 18 19 8.32
225 17036 13 I~ 9.08
22628010 17 18 6.811
227 III 0011 13 III 5.32
228 17008 9 12 6.13
229 19 3511 8 II 2.82
2117 1901102020 7.63
2118 III 0115 1920 8.57
2119 190111 2223 6.38
250250382627 5.73
251 III 051 2626 8.00
252250322022 9.26
253 30029 1920 8.12
255 19035 111 15 3.21
2711 1701172022 7.211
275 1901192627 7.66
2762201162626 6.92
277220115 30 30 2.86
27822 0112 2~ 25 9.02
279 330311 22 23 7.75
280 190362223 9.85
281 170110 18 19 3.85
282 III 051 16 17 3.07
283 19055 17 19 6.~5
302 1905029 30 7.62
303 19056 30 31 9.03
3011 22050 30 31 11.73
305 1705228 30 13.511
30622029211 25 10.511
307 1701122525 10.38
331 17011229 30 17.96
332 17051 2628 111.32
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ABCOEF
200 III 020 15 17 ij.65
201 19019 15 16 6.99
202 17010 9 13 6.67
203 III 332 B 12 2.28
2011 19 329 B II 2.98
22022 Oijll III lij 5.73
221 250117 IB 18 7.117
222 170111 21 21 7.28
2232201112223 5.32
22ij III 036 21 21 5.61
226 III OOij 17 18 7.ijij
228 17031 21 22 10.113
229 17033 13 15 5.01
230 III 03ij III 17 8.011
2117 17 Oij5 22 22 7.18
211822058 23 2ij 11.73
211925057 23 2ij 6.99
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A8COEF
62 1'1 28'1 1'1 1'1 5.37
63 17283 1'1 15 3.19
6'1 17279 1'1 1'1 5.0'1
65 19281 13 1'1 5.16
66 1'1 283 16 16 3.09
67 19291 15 16 2.61
68 17283 15 15 2.86
69 17281 1'1 16 3.95
86 1'1 28'1 II 11 '1.81
87 1'1 282 13 13 2.81
8828289 II II 2.5'1
89 38 291 11 12 3.65
90 36 282 10 11 '1.88
91 33 286 II 12 3.93
92 36280 13 13 '1.37
S3 28 293 12 1'1 3.53
9'1 25 285 10 11 3.9'1
9522281 13 13 3.25
9622275 1'1 1'1 2.19

113 33296 9 10 2.80
11'1 33295 10 II 2.97
115 33 293 7 11 3.70
116302911112'1.72
117 30 29'1 12 13 5.68
118222891011 '1.15
11928 300 10 II '1.'18
120 1'1 296 13 13 '1.08
139 17 309 8 10 3.70
1'10 19 320 7 10 3.79
I'll 33 353 7 10 3.06
1'1222 332 8 10 3.33
1'13 1'1 3'1'1 8 11 3. I 9
1'15 1'1 33'1 9 10 '1.76
166 1'1011 6 9 2.96
167 1'1 010 10 11 3.67
168 1'102'1 13 13 5.1'1
169 1'1000 10 12 5.23
170 111016 9 12 3.50
19'1 17030 III 15 5.70
195 19027 13 17 7.15
201 17029 17 19 5.011
221 1901152021 6.75
2~2 13011'1 23 2'1 7.73
2'18 17061 2'125 11.311
21192505923211 7.78
276 III 059 32 3, 15.31
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A8CDEf
17 III 309 10 II 5.72
18 III 301 13 III 11.113
37 25290 12 12 11.27
38 22281 II 12 11.111
39 25 292 II 12 3.68
110 33287 12 12 3.22
III 36286 13 13 11.112
112 116286 12 12 3.81
113 52293 12 13 3.68
1111 III 296 9 10 2.119
115 252911 10 11 3.112
116 19 296 10 II 3.19
117 22 2911 8 9 11.80
52 III 283 III III 5.113
59 17283 II II 5.95
60 22285 8 9 5.32
61 19280 12 12 3.1111
62 119283 II 12 11.32
63 73285 II 12 3.119
611 79285 II II 3.67
65 87288 II 12 11.28
66 60285 II 12 11.01
67 57292 12 13 11.13
68 57 293 12 III 3.79
69 55 286 13 III 5.56
70 1192911 12 13 11.58
71 116 290 12 13 5.11
72 36286 III 15 11.58
73 30288 12 12 6.93
711 22 2811 12 13 6.01
75 25 289 12 12 11.711
76 17289 III 15 6.07
82 19263 7 8 2.86
83 30 279 8 9 2.88
811 36 285 10 10 11.02
85 116 291 10 10 11.31
86 552911 10 II 5.06
87 52283 II II 3.90
88 98291 10 II 3.35
89 128 290 10 II 3.92
90 122292 10 II 11.05
91 119292 10 12 11.59
92 103290 II 13 5.03
93 117293 II 12 11.78
911 106 295 10 12 11.111
95 98 296 10 II 11.119
96 68 287 II 12 11.27
97 36 292 13 III 5.52
98 30292 III 15 6.21
99 28290 III III 5.112

100 25295 13 III 6.86
101 III 303 12 III 6.37

TYPHOON TRACKS 1 JAN -31 OEC

A8CDEF A8CDE" A8CDEF A8CDEF
ID2 III 297 e 9 11.20 167 138 3211 8 II 3.~7 233 190113 7 13 11.03 328 220252729 8.91
103 III 3111 5 10 3.93 168 119 337 7 II 11.32 2113 III 332 13 15 6.110 329 28039 211 25 11.66
108 28295 8 9 2.77 169 1111 330 8 12 3.98 21111 1111 3113 10 II 11.81 330 22011621 21 111.95
109 52292 8 9 3.22 170 117 3111 8 11 11.26 2115 76006 9 12 6.58 331 3301152225 111.15
110 822911 9 10 3.711 171 95 3117 e 13 5.80 2116 98019 10 13 8.1111 332 III 0502629 13.55
111 63 286 11 12 5.59 172 79 3110 7 12 5.118 2117 106025 II 15 8.81 333 2801122729 13.85
112 76298 10 12 5.07 173 87 3112 9 12 11.37 2118 92037 1'1 17 9.23 33'1 1'1 0'19 28 31 11.19
113 III 293 10 11 3.'19 17'1 79 356 10 13 '1.66 2'19 122026 13 17 8.22 335 1'1063 17 19 15.'10
11'1 171 298 10 11 3.'11 175 '19 355 9 II 5.50 250 8'1 028 1620 8.87 337 III 051 22 23 9.23
115 1522911 9 10 3.28 176 33 338 6 10 5.95 251 71 027 1'1 19 10.17 338 1'1011623211 '1.20
116 1'19297 9 11 3.66 177 116 350 7 11 '1.90 252 73027 13 18 9.02 352 1'1036 29 30 5.09
117 138297 II 12 '1.20 178 36 325 8 12 '1.5'1 253 87019 12 16 8.08 35'1 17 D28 31 33 5.16
118 128 300 10 II 3.98 179 25 317 10 II 3.83 25'1 38012 1'1 18 7.62 358 17035 31 32 13.09
119 109 305 10 12 '1.10 180 III 317 10 12 7.89 255 III 0211 III 17 9.51 360 III 050 29 32 16.05
120 87 306 10 II 3.53 181 III 306 10 13 5.26 256 30032 13 III 11.'10
121 79 319 8 12 '1.29 182 1'1 3011 8 10 '1.69 257 280'111 17 19 8.69
122 57 317 8 II 5.5'1 188 17 300 12 15 6.0'1 258 1'1051 21 22 8.'13
123 68 315 8 II 5.211 189 22 300 II 12 '1.66 260 170115 10 12 2.90
12'1 11'1 299 II 12 3.68 190 'II 307 10 12 3.71 270 38 356 10 II 5.12
125 36297 12 13 5.711 191 98 319 9 12 3.33 271 '16000 10 12 5.77
126 30295 12 13 '1.20 192 119 330 8 II 3.'17 272 '19025 9 10 '1.09
127 25289 10 12 '1.53 193 1'16 3'10 7 II '1.89 273 8'1026 1'1 16 8.'13
128 19289 8 II 5.12 19'1 136 350 e II 11.90 2711 90022 15 19 7.1111
133 252811 8 9 2.77 195 117001 8 12 6.111 275 79028 1821 9.13
1311 '1'1 287 10 10 2.57 196 95005 9 13 5.22 276 760'1221 23 11.'19
135 8229'1 10 II 3.69 197 98010 12 15 5.87 277 730'122225 13.8'1
136 90298 9 10 '1.55 198 57 3'12 10 13 '1.09 278 71 0'12 1923 13.36
137 87 296 9 10 3.75 199 76 3511 10 13 '1.76 279 71 0392022 11.19
138 11'1 299 8 II 3.83 200 92 359 10 13 5.116 280 'III 033 20 23 10.39
139 125295 10 II 2.93 201 71 022 II 15 8.06 281 30026 1920 8.99
1'10 1'16 30'1 8 II 3.0'1 202 65 D29 9 1'1 8.10 282 280'17 13 16 11.77
I'll 1'19 319 7 10 3.67 203 6500'1 6 12 6.22 283 36050 15 17 6.86
1'12 133 309 9 II 3.93 20'1 55 337 6 12 '1.53 2811 170'172223 '1.81
1'13 125 320 8 II 3.97 205 25 33'1 6 15 6.73 286 17038 1'1 17 11.85
1'1'1 111 321 8 II 3.82 206 19 321 7 II '1.15 296 19007 12 13 '1.21
1'15 III 315 9 11 '1.0'1 216 22 307 10 11 3.11 297 19013 16 18 6.27
1'16 68 303 10 12 '1.'16 217 55 317 9 12 3.39 299 36019 16 17 6.51
1117 79 311 10 12 '1.02 218 63 338 8 11 '1.65 300 'III 023 20 22 12.38
1'18 98 316 10 12 '1.36 219 101 000 8 12 5.16 301 6003523 25 11.29
1'19 87 32'1 10 12 '1.'17 220 109013 9 12 6.36 302 71 0372325 9.68
150 25 317 9 1'1 '1.67 221 109020 II 1'1 6.79 303 520'1621 22 111.63
151 22 3211 10 II 11.60 222 106018 10 III 7.611 3011 III 051 30 31 13.89
152 III 331 12 12 2.1'1 223 138012 II 15 6.99 305 '160'152528 13.95
153 1'1 335 10 II 3.77 22'1 90012 II 16 8.16 306 '1'1038 2'1 26 12.12
156 1'1 325 7 12 6.68 225 79000 8 13 5.9'1 307 'II 0'162'1 26 11.5'1
160 17288 II 12 3.'17 226 82002 11 13 6.31 308 190502'125 1'1.9'1
161 '1'1 297 9 II '1.03 227 52 3511 9 12 6.61 309 1'1 r'l5 20 20 7.61
162 71 307 8 10 3.13 228 57001 10 1'1 8.'11 310 19056 18 18 5.87
163 79 309 9 10 '1.19 229 60006 9 III 7.89 311 170117 1820 6.05
1611 95 32'1 8 II '1.28 230 36018 II It 7.68 325 170272627 '1.09
165 III 327 7 11 '1.32 231 36003 8 13 2.63 326 1'10302828 9.57
166 117 317 8 11 '1.16 232 17 357 'I 12 '1.37 327 19035 37 38 11.87

A63



A.5 Chart Series A-III

Charts and tabular data in this series are similar to Chart
Series A-I and A-II, except the analyses are based only on storm
tracks or portions of storm tracks that had intensities of at least
100 knots. Because of a limited sample size, data are presented only
for the season as a whole.

Chart types included*Stratification period Pages

1 JAN -31 DEC A66, A67 1, 2, 3, 4

*For a description of chart types, see page Al

Note: 

All charts in this series are based on a scan-distance of 75-n.mi. 
(139.5 kin)
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~8CO£F" ~8CO£F" ~8CO£F"
III 17 287 I~ I~ 11.28 163 17287 II 12 ~.20 27~ 190192022 8.112
113 III 293 III I~ 2.911 1611 222911 10 II 3.96 276 17 Ol~ 20 22 9.112
63 36283 II 11 11.02 16~ 1111 317 8 II 3.21 277 19030 22 2~ 7.811
611 III 281 12 I~ 11.38 166 ~~ 313 10 II 3.72
6~ III 286 12 13 ~.3~ 167 71 3211 8 10 3.00
66 28282 12 13 11.73 168 ~7 311~ 7 10 11.07
67 28287 II 12 1I.~6 169 76 3311 8 12 3.92
68 19 28~ 16 17 2.16 170 71 333 9 13 11.00
69 22 283 I~ 16 6.03 171 57 3117 9 III 5.511
70 30 295 12 13 5.118 172 116 332 9 12 5.76

.71 2~ 288 15 15 5.59 173 III 339 8 12 11.119
72 25 288 III 15 5.28 1711 1111 3~7 10 13 ~.1I2
73 III 282 12 12 6.91 175 25 353 7 9 2.27
811 III 283 9 9 2.81 176 III 303 10 II 5.06
8~ III 287 8 9 3.1I~ 177 III 330 8 9 3.90
88 1111 292 10 II 2.80 191 III 310 II 13 2.67
89 55 290 II 12 3.511 192 57 3211 9 II 3.07
90 ~7 290 10 II 11.11 193 76 321 8 II 3.811
91 52 289 II 12 11.37 1911 76 3119 7 12 5.07
92 36 285 12 III 3.78 19~ 60 350 8 12 11.13
93 33 299 10 12 11.95 196 33 3511 9 13 11.111
911 52 293 II II 3.85 197 60010 12 I~ 5.95
9~ 52 295 10 II 11.07 198 30 338 II 12 3.36
96 30 296 II 12 11.06 199 38000 9 13 5.86
97 19 296 12 13 11.118 200 52 3~3 10 13 11.26
98 III 299 12 12 2.57 201 36039 10 I~ 9.07

113 2~ 297 10 10 3.33 202 330117 8 13 8.18
1111 79298 10 10 3.25 203 III 3112 7 I; 11.02
II~ ~7 296 10 10 2.611 217 19 306 10 II 2.73
116 63 306 9 11 3.01 218 36 316 9 10 3.19
117 119 301 II 12 3.50 219 38 332 8 10 3.71
118 ~7 300 II II 11.00 220 36 3111 8 10 3.86
119 63 302 10 II 3.91 221 1111 0111 9 12 6.08
120 III 305 9 10 3.63 222 III 0211 II 15 8.57
121 36 309 9 II 11.31 223 57 005 12 15 7.10
122 2~ 326 7 10 5.111 2211 1160011 II 15 9.73
123 2~ 318 II 12 II.~~ 225 25 3~1 9 12 3.59
1211 III 295 III III 2.~3 226 25002 111 16 ~.89
1'6 17 285 12 I' 11.08 227 III 358 12 16 5.9~
1'8 17295 9 9 3.77 228 19 338 8 10 II.O~
139 33291 10 II 3.10 231 19 339 10 III 2.09
1110 6' 29~ 8 10 '.11 21111 III 332 II 12 3.0~
1111 7: 310 7 II 3.116 2115 III 3117 12 III 6.5~
1112 73 311 8 11 3.57 2116 22 3119 10 12 6.25

III' 68 321 8 II 3.117 2117 22010 II 13 11.88
11111 ~~ 331 8 II 11.12 2118 30029 II I~ 8.55
1115 60 319 8 10 3.88 2119 38009 12 16 6.10
1116 36 310 10 II 11.16 2~0 250211 21 211 9.28
1117 '8 '1' II I' '.67 2~1 19007 III 17 7.112
1118 '6 '19 10 12 11.96 2~2 2~ 018 1620 7.70
1119 "'111 II 12 3.98 273 III 021 16 18 5.1I~
I~O III 298 10 13 3.611 2711 17019 1820 6.86

A,67



A.6 Chart Series A-IV

Charts in this series (Chart type 1 only) differ from those in
the other series in that different scan distances are used to derive
the storm frequency isoline charts. Scan distances are 25, 50, 75,
100, 150, and 200 n.mi. These distances are approximately equal to
46, 93, 139, 185, 278, and 371 km, respectively. The chart for 75
n.mi. is identical to that presented on page A36. Reinclusion here
was done for ease in chart comparison. Both tropical storms and
typhoons are included in the analyses.

Chart types included*Stratification period ~
1A691 JAN -31 DEC

(Scan-distance, 25 n.mi.)

1A691 JAN -31 DEC

(Scan-distance, 50 n.mi.)

1A7a1 JAN -31 DEC

(Scan-distance. 75 n.mi.)

1A701 JAN -31 DEC
(Scan-distance, 100 n.mi.)

1A711 JAN -31 DEC

(Scan-distance, 150 n.mi.)

1A711 JAN -31 DEC

(Scan-distance, 200 n.mi.)

*For a description of chart types, see page Al.
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