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ABSTRACT
From a recently completed climatology of hurricanes at the National
Hurricane Center covering a period of 85 years of record, the total number
of incidents and the frequency of hurricanes and tropical storms for 50-mile

segments of the U. S, Gulf of Mexico and Atlantic ccastlines are presented.
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INTRODUCTION

The migration of our populaticn toward the seaccasts imposes an in-
creasingly important requirement for intelligently assessing the risks
involved on hurricane-prone coastlines of the U, 8. This paper attempts
to present the best avallsble data on the cccurrence of hurricanes in
such a manner that these risk assessments will be easier to make. In con-
nection with the development of the HURRAN technique by Hope and Neumann
(1970) and the development of a hurricane climatology for 2% degree squares
of latitude and longitude by Hope and Neuwmann (1969), the hﬁrricane record
of the last 85 years was carefully reviewed. The principal source of ma-
terial for this study was the hurricane tracks and summary by Cry (1965).
These data were stored on magnetic tape and now provide the basis Tor many
climatologlecal summaries and computations at the National Hurricane Center.
From this tape, a compilation of tropical cyclone occurrences along the
U.8., Gulf of Mexico and Atlantic coastlines has been prepared for coastal
segments of 50 miles in length. The diagrams presented here summarize
these data.

The frequency of hurricanes along ocur coastlines is such that no eli-
matological summary can be considered a stable assessment of the risk of
storm recurrence gt any one locality. Nevertheless, if is important that
the best possible information be available for various planning purposes,

and this document is directed toward that end.

METHOD OF SUMMARIZATION
For planning purposes, especially for metropolitan areas and for the
location of industrial sltes, the summarization of hurricane events needs
to be made for the smallest practicable coastal sectors for which the re-

gults may hold significance. In the present study, a review of all tropical
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cyclone events for the period of 1886 - 1970, indicates that a 50-mile
coastal strip is the smallest segment for which a meaningtul summary can

be made for the purpose of examining hurricane events. In some areas,

even this size segment involves s marginal number of storms. In sumnmarizing
the data, 1t was assumed that if a tropical cyclone of hurricane intensity
crossed the coastline in one of the 50-mile sectors, it also affected the
adjacent sector which lay in the right semicircle of the storm. For ex-
ample, a hurricane which crossed the coastline in sector 2 (Fig. 1§) was
counted. not only for sector 2 but also for sector 3.

It should be mentioned that only storms entering a ccastal area were
considered; i.e., the method of tabulaticn made it unwieldy to include
those storms that were passing off shore. This is significant only for
the State of Florida where an intense storm crossing the peninsula could
produce damaging winds along the coastal zone where this storm returns
from land %o sea. There have been a number of such cases over the years
and, therefore, the data presented for peninsular Florida in this report
may be regarded as somewhat conservative.

Tropical cyclones were divided inte three categories. One includes
all cyclones whose maximum (reported) sustained winds were L0 mph (gale
force) or higher. The second Includes all tropical cyclones with reported
winds of T4 mph (hurricane force) or higher, and the third, those great
hurricanes with sustained.winds of 125 mph or more. The latter maximum
wilnd threshold carries with it the likelihood of severe structural dam-
age to residences and small industrial plants where building codes spe-
cifleally degigned to protect against a mature hurricane have not been
enforced. The central pressure of approximately 950 mb, which normslly
accompanies this wind value, can be assoclated with storm surge heights

as high as 12 to 15 feet where bottom depths and other coastal features



favor this accumulation. Thus, due tc both storm surge inundatlion and
wind stresses on structures, storms in this category can be expected to
bring major disasters to metropolitan areas with heavy &amége to struc-
tures and high potential for loss of life.

The summary figures presented in the next section refer to the fre-
quencies of tropical cyclones. These frequencies are expressed as prob-
gbilities in percentage units. These values are noit, of course, prob-
abilities in the strict mathematlcal sense, but are the arithmetic means
of the 85 year sample of data.

A method of estimating the mathematical probabillities is to assume
that the statistical properties of the data sample represent the proper-
ties of the entire population of events (i.e., all coastline crossings).
These statistlical properties will then determlne a particular distribu-
tion of events. In the present case, the Poisson distribution is appro-~-
priate, as demostrated by Hope and Neumann (1968), aﬁd also by Thom (1960).

Table 1 shows the relation between the observed frequency of occur-
rences of ceastline crossings and the probability of occurrences of at

least one storm crossing in a year as computed from the Polsson distri-

bution.

TABLE I

Observed Freguency of Occurrence Versus Polsson Probability

Observed Average Number of Poisson Probability of At Least
Storm Crossings Per Year One Storm Crossing Per Year
.00 .00
.01 .01
.02 .02
.03 .GC3
.0k Ok

.05 ,05



Table I (cont'd)

Y.
Observed Average Number of Polsson Probability of At Least
Storm Crossings Per Year _One Slorm Crossing Per Year
.06 .06
O .07
.08 .08
.09 .C9
.10 .10
<11 .10
.12 A1
.13 .12
b A3
.15 Ak
6 .15
7 16
18 16
.19 A7
.20 .18
.21 .19

It is seen from Table 1 that the difference between the observed
averages and the Polsson probabilities is small, being no more than two
percentage points, and this only at the high end of the range. Also, the
Peisson probabilities, where different, are always a reduction from the
observed frequencies. This Is explained by tne fact that the Poisson dis-
tribution accounts for the possibllity of more than one storm crossing
during a single year.

In view of the above, it seemed advisable to present the data and
figures of this study in terms of the raw datsa; that is, the observed
frequencies of occurrence, leaving the particular statistical application

up to the potential user of these data.

SUMMARY
Figure la shows the locations of the coastline segments. With just
a few excepbions (segment no. 12 for example), the coastal strips approx-
imate 50 nautical miles in length. A list of the exact positions of the
endpoints of the segments that were used in the computationsg are given

in en Appendix to this report. Figure la indicates the dates of the earliest
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Te
and latest tropical cyclone landfalls in each sector. The same informa-
tion is presented graphically in Figure 1b.

Here it is seen that there are three coastal areas wﬁere storms oc-
curred in February; these are segment numbers 24, 52 and 58. In fact,

8ll three of these evenis were the result of a single tropical storm in
1952 that moved from the western Caribbean across southern Florids and
then along the Atlantic Seaboard to New England. Although this storm

has been identified as an early occurrence on Figures la and 1b, 1t was
actually a highly arnomalous, off-season storm, and should not be seriously
considered when assessing risks.

Otherwise, 1t is noted that in general the Gulf of Mexico coastline
is more vulnerable than the Atlantic coast to early-season cyclones,

This, of course, is to be expected since the primary early-season hurri-
cane genesis regions are the western Caribbean and the Gulf of Mexicg.

The location of the latest occurrences of late~season storms is
shared by southwest Florlds and the Cape Hatteras area. Other than this,
late storms appear to be fairly well distributed along the Gulf of Mexico
and Atlantic coastlines.

Figures 2a and Zb show the freguency of occurrence of troplcal cy-
clones for each of the three categories for each coastal secior. The humf
bers are in percentage units and are the arithmetic average of actual
storm occurrences over the period of record., As discussed in the preceed-
ing section, these wvalues may be regarded as an estimate of the probability
of g cyclone landfall.

One obvious feature of Figures 2g and 2b is the concentration of high
likelihood of great hurricane landfalls along the Gold Coast of southegst-

ern Florida as well as along most of the Texas coast.
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Flgure 3 summarizes the actual count of the tropical cyclone land-
falls which affected each coastal sector., Finally, Figure 4 lists the
average number of years between tropical cyclone occurrenées.

It is beyond the scope of this report to discuss any further the
many details of the data contained herein. Certainly, some of the smaller-
scale details must be considered cautiously in light of the nature of the
data. However, it is hoped that this paper will serve as a useful stari-

ing point for the applicaticn of tropical cyclone summary data.
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APPENDIX

Ceoastline Segment Locations

The following latitude/longitude compinations comprise a list of
the left endpoints of the coastline segments as referenced from an off-
shore viewing position and as illustrated in Fig. la. The right end-
point of any segment is the left endpoint of the next higher-numbered
segment. There are two exceptions: segment no. 25 in extreme southern
Florida; and segment no. 58, the northernmost segment. The right end-
points for the exceptions are indicated in the listings below.

Also, the cities identified below are only for the reader's con-

venlence as points of reference.

Coastline Segment Locations

Coastline
Segment No. Left Endpoint
Lat. Long.
1 25,95 97.15 (Brownsville)
2 26.75 97.35
3 27,57 g7.22
L 28.23 56.62
5 28.67 95,80
6 29.13 95,02 (Galveston)
7 29,60 9k,25 o
8 29.77 93.30
9 29.52 92,37
10 29,32 9l.43
11 29,07 90.52 (New Orleans)
12 28.98 89.15
13 30.20 88,93
ik 30.22 87.97

15 30.35 87.02



Coastline

Segment No.

16
17
18
19
20
21
22
23
2l
25
26
27
28
29
30
31
32
33
3L
35
36
37
38
39

41

APPENDIX (cont'd) 13,

Left Endpoint

Lat,

30.28
29.68
29.88
29.70
29.08
28.23
27.42
26.67
a25.97
25,12
2h,53
2. 77
25,32
26.13
27.00
27.73
28.55
29,27
30.05
30.90
31.68
32.33
32.83
33.48
33.77
3443
34.60
35.23
36.05
36.85
37.63
38.35
39.15
39.83

40.58

40 .80
41,15
41,25
42,08
Lo, 7o
43,52
43,91
4,25

Tong.

86
85

8k,
83.
82,
BT (Tampa.)

.68

25

1T

.13 ---- Right Endpoint: Lat. 25.32, Long. 80.25
B2 (Key West)

£33 .

.25

.03

.05

.38 (Vero Beach)

55

02

.33 - . (Jacksonville)

82
82
82
81
81
81
80
80
80
8¢
80
80
81
81

81.
12 (Savannah)

81

80.
.70

.08

15 (Wilmington, N.C.)
.53 :

.53

53

67 (Norfolk)

97

.60

07

.70

.08

.63

57

.55 (Nantucket)

95

X

.62

.32 (Portland)

.32

.25 ---- Right Endpoint: Lat. 4k4.80, Long. 66.90

.05 (Panams City)
.38

43
50
88

h2
48
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