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METEOROLOGICAL CONSIDERATIONS PERTIl\1ENT rro STANDARD PROJECT HURRICANE,

ATLANTIC AND GULF COASTS OF THE UNITED STATES

Howard E. Graham and Dw'ight E. Nunn

J.. INTRODUCTION

Authorization

The 84th Congress, first session, by PUblic Law 71, authorized and direc-
ted the Secretary of the Army in cooperation with the Secretary of Commerce
and other Federal agencies concerned with hurricanes, to cause an examination
and survey to be made of the eastern and southern seaboard of the United states.
This survey was to include, among other things, the securing of data on the be-
havior and frequency of hurricanes, and possible means of preventing loss of
human lives and damages to property with due consideration of the economics of
proposed breakwaters, sea~alls, dikes, dams, and other structures. Weather
Bureau participation, as agreed upon, was defined under seven subprojects in a
memorandum prepared by 'the Office of the Chief of Engineers, Civil Works Divi-
sion, dated November 25, 1955. The material described in the following report
is part of subprojects 1,2, and 7. These subprojects call for reports on
regional frequencies of hurricanes in coastal areas of the Atlantic and Gulf
of Mexico, study of selected hurricane characteristics and correlation of these
with probabilities of occurrence in various regions, and special wind analyses
pertinent to determination of wave and tidal effects at specific locations in-
volved in engineering studies, such as Narragansett Bay, R. I.

Purpose

\-;This report was prepared-to provide generalized hurricane specifications
that are consistent geographic~y and meteorologic~y for use in planning,
evaluating, and establishing hurricane design criteria for hurricane protec-
tion works. The specifications, criteria, procedures, and methods were deri v-
ed jointly by representatives of the HYdrometeorological Section, u. S. Wea-
ther Bureau an~ the Office of Chief of Engineers, Corps of Engineers. In
addi tion to serving as an example of the application of meteorology to an
engineering project, this report contains a climatological synthesis of as-
pects of hurricanes that is not duplicated elsewhere.

The Standard Project Hurricane (SPH) indices were derived for use in
selecting the standard project hurricane criteria for specific projects. The
SPH index for various places on the United States Atlantic and Gulf Coasts is
defined and illustrated. The SPH index is the wind speed and direction pattern
with specified dimension spans, and ranges of forward speed and direction of
movement for a specific location. The meteorological characteristics and
dimension~ of the SPH indices are based on analyses of past hurricanes of
record. The report presents analyses of the data which form the basis for
defining the limits of the SPH indices. Various hurricane characteristics
are correlated with intensity criterion, latitude, and other features. A
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generalized procedure for determining the SPH criteria is shown for the
Atlantic and Gulf Coasts.

Definition

The name "Standard Project Hurricane" is analogous to the 'Standard
Project Storm," defined by the Corps of Engineers for a particular drainage
basin and season of year as "...the most severe storm that is considered
reasonably characteristic of the region in which the basin is located.'; Like
the Standard Project Storm precipitation, the SPH index is based on envelop-
ing the records of meteorolo'gical events with elimination of a few extreme
events. The first SPH was approved by the Corps of Engineers in a design
study for Lake Okeechobee, Fla. [1], ~le SPH index parameters discussed in
this report and the Lake Okeechobee SPH are consistent within the limits im-
posed by regional variation of climatological features.

The standard project hurricane wind field and parameters represent a
"standard;1 against which the degree of protection finally selected for a hur-
ricane protection project may be judged and compared with protection provided
at projects in other localities. The SPH indices are intended as a geograph-
ically consistent set of criteria against which the individual requirements
of a project can be judged. The SPH indices and parameters provide a proce-
dure for determining the SPH estimat~ which reflects a generalized analysis
of hurricane potentialities in a region (Zone).

2. CORRELATIONS OF HURRICANE CHARACTERISTICS

Zones

In order to facilitate an analysis of hurricane data, the Atlantic and
Gulf coastal areas of the United states were divided into zones of approxi-
mately equal area.

Atlantic Coast. - The Atlantic coastal area was divided into four zones
as shown in figure 1. Each zone has an area of approximately 60 ,000 square

nautical miles. The zones have a latitudinal extent of 5 degrees and a width
of about 200 nautical miles, extending from about 50 nautical miles west of a
generalized coastline to 150 nautical miles east of such a line. Latitude
lines lnark the boundaries between the zones. The boundaries were selected so
that the bulk of the data fell near the middle of a zone rather than on the
boundary between two zones.

Gulf Coast. - The Gulf coastal area was divided into three zones as
Ghown in figure ll. Each of these includes an area of approximately 80 ,000
square nautical miles. Each zone is about 400 nautical miles long and extends
50 nautical miles inland from a generalized coastline to 150 nautical miles
offshore from that line.

Frequency of Central Pressure Index

Central pressure index. - The central pressure index (CPI) is the esti-
mated minimum pressure for individual hurricanes in each zone. The cpr is
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the principal intensity criterion for defining the SPH index. A record was
made of all tropical storms (1900-1956) that passed through each zone and had
at any time been of hurricane intensity. A notation was made for the period
!'rom 1900 to 1956 of the CPI whenever it was estimated to be less than 29.00
inches in any of the zones (listed in table A of the appendix). For any hur-
ricane, the CPI was dete~ned t'rom: (a) observations of minimum pressure at
a given location, (b) computations based on observational data [2], or (c) by
estimate in event that the hurricane passed through a zone where there were
insufficient pressure observations to ~ompl.ete a computatipn put with enough
evidence to warrant an estimate.. In the latter case, the G;pr has been deter-
mined by (a) or (b) in an adjoining zone. .

~
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Cumulative percent of. occur~en<;:es. - .In consideration of the small amount- I'

of data available, a plot was fir&;t~de for ~ach zone of the cpr versus the
cumulative number and the cumulative percent of storms. This was done as
described below to aid in determining the frequency of cpr occur1'ence on a
100-year basis. The plot was made of 5tQ~ in which the particular cpr was
equal to or less than other cpr values. For .exwnple" in zone I there has been
one hurricane with a cpr of 26.35 inches, and there have been seven hurricanes
with a cpr of 28.00 inches or lower. Anyone hurricene is represented only
once wi thin a zone, but several hurricanes are repJ:"esented in two or more'
zones. Curves of cpr versus cumUlative number of occurrences, as computed.
and drawn for each zone, are shown in 'figure 2 for the Atlantic Coast and
figure l2 for the Gulf Coast.

~Jext, lati tudinal p~ofiles were constructed using values taken f~om the
graphs of ctUllulative frequency in the order of magr1itude by zones (figs. 2
and 12), and plotted against the approximate me8Jl location of the data in each
zone and smoothed. Tl1e profiles of ctUllulati ve frequency of hurricane cpr were
constructed through the zones more or less parallel to the coastline showing
the percent of hurricanes having a certain cpr or less for any given point
along the c~ast. The variations for a given percent of occurrence-of cpr's
along the Atlantic and Gulf Coasts of the United States are shown in figures
3 and 13 respect:!vely.

Occurrences per 100 years. - ,Profiles of variations of average frequency

of cpr occurrences on a: laO-year basis are shown for the_Atlantic and GuJ.f
Coasts in figures 5 and 15. In developing the profiles, the frequency of cpr
occu].1rence was computed for ~ach zone on the probability basis using the
forrnuJ.a *p = 100(M: 0.5)

y (1.)

WherC~s the ~ ,t chance of occurrence per year, &he number of' the
eyent\rank) , an Y he number of' years of' record (57). The data were,
plotted on a no probability scale so that the data with a normal distri-
bution would f'all in a straight line. In the drawing of curves for each zone,
consideration was given to the profiles of cumulative percent of occurrences
which are described above. The zone f'req~ncy probability of' CPI's {per 100
years) was considered representative at the mean geographic position of data
for the respective zones. The probability frequency curves of the hurricane
CPI by zones for the Atlantic and Gulf Coasts respectively are shown in
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rigures 4 and 14. A graph or proriles or variation or the cpr rrequency along
the coast was then constructed rrom zone probability curves. The correlated
variations or CPI with latitude along the Atlantic Coast and with distance
~ong the Gulf Coast are shown on figures 5 and 15. In order to have a smooth

transition or rrequency curves from the east coast or Florida to the west
coast, the curves or rigure 15 were correlated to the corresponding curves
rrom zone 1 (rig. 5) at 240 N. latitude. This is at mile 1340 of figure 15.

Distribution of hurricane occurrences within zones. - The total number
of transits through each zone and smarler sub- zo~e- ~f- ~pproXima.tely 10,000
square miles by tropical storms which had reached hurricane intensity, either
in the zone or previously, is shown in figures 6 and 16 for the 57 years of
record. These data are presented in order to give some indication of the
hurricane distribution wi thin zones. A hurricane passing thro_ugh a zone or
sub-zone need not necessarily severely affect the entire coast within the zone.
The frequency of damaging effects at a specific coastal site depends on many
factors including the cpr frequency, the variations of storm tracks (direction
of approach), and the occurrence of maximum winds for various radii and for-
ward speeds that are possible for a given cpr.

, IRadius of' :M9.ximum Winds

Index of hurricane size. - Radius to region of maximum winds {R) is an
index of hurricane areal size and is an im,portant factor in the generation of
waves and tides. In general, a larger hurricane will have a longer fetch that
could be affected by high winds. The R has been determined for most of the
tropical storms of hurricane intensity (CPI less than 29.00 inches) that
passed through the zones. The values of R' for hurricanes of record are shown
in table A of the appendix. R was determined either from observations at a
wind reporting station or by computations made from the pressur~ field. The
observed R was used, whenever available, for all correlatj.ons. In the absence
of an observed R, the computed value was substituted. To determine the
validi ty of substituting one type of R for another, all observed R' s were
plotted against computed R' s in the S8JIle storm (not shown). The grouping of
the plotted points about the 450 line drawn through the origin of the graphs
was sufficiently symmetrical to warrant th~ assumption that observed R aver-
ages about the same as computed R.

Variatiofi of radius of maximum winds with central pressure index. - The
relationship and variation of R to cpr as determined graphically for the
Atlantic and Gulf coastal areas are shown in figures 7 and l7 respectively.
Due to the variation of R for a given cpr, three values of R were selected
corresponding to a representative small radius of maximum winds (RS), rep-
resentative mean radius (RM), and representative large radius (RL). Data for
R and cpr from all of the hurricanes (cpr less than 2).00 inches from 1900 td
195'6) which have occurred in zones l, 2, 3, and 4 are shown in figure 7 and
in zones A, B, and C in figure l7. The r~lationship of R to cpr shows the
tendency for hurricanes of lower cpr also to have smaller variation of R.,
although there is a consi~erable degree of variation of R with any g$ven cpr.
The relationship of R to cpr observed in the study corresponds with findings
of various authors and previous Hydrometeorolog$cal Section studies [2], [3],
and [4].
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Variation of radius of maximum winds with latitude Atlantic Coast. - It
was of R
with latitude in addition to_the CPI relation. The representative mean radii
(RM) of maximum wind~ over the CPI range for selected latitudes are shown for
the A~lantic Coast by~e curves lab:led 23°,28°, 33°, 38:~ and 43° N. ~ati-
tude ~n figure 7. In order to dete~ne curves of mean rad~~ (RM) of max~mum
winds through the CPI range for a given latitude,.. the departures of the indi-
vidual points from the mean curve of figure 7 were plotted against latitude
as shown in figure 8. The approximate mean of the points on figure 8 for each
selected latitude was then transferred back to figure 7 and labeled for that
latitude.

~. - For the Gulf Coast, no further refinements of the relationship be-
tween R and CPI were made due to other variables. To determine whether the
introduction of other'variables would make possible further refinement in the
Gulf Coast analysis, the variation of R from the mean curve of figure 17 was
plotted against both latitude (fig. 18) and longitude (fig. 19). The wide
scatter of points in figure 18 indicates that, for the Gulf Coast, there is
li ttle or no correlation of R with latitude. In figure 19, where the varia-
tion of observed R from the mean curve of figure 17 was plotted against longi-
tude, the curve~of best fit suggests that there may be a slight additional
variation of R with longitude, with the smaller Rls occurring in zone C.

.

~

Forwa!:d Speed

~;

The forward speed of translation of the hurricane centers for the hurri-
cane of record has been determined as the average speed for the pe~iod from
2 hours before to 2 hours after the hurricane enters the coast. Forward speed
of translation of the hurricane center appears to be a function of latitude
only and independent of cpr and R. For the Atlantic Coast, speed of the hurri-
cane center was Flotted against the latitude where the speed was determined
and a mean profile and enveloping curves we.re drawn t"hrough the plotted points.
These envelopes were drawn with the aid of supplementary data obtained from
the hurricane of September 21,1938, Hazel of October 15,1954, and Carol of
August 28, 1954. The latitudinal variation of hurricane center movement along
the Atlantic Coast is shown in figure 9. . Due to the limited latitudinal vari-
ation and limited data available, all of the Gulf Coast hurricane forward
speeds were consolidated in figure 20 showing the rate of hurricane transla-
tion against cumulated percent of occurrences. Due to the wide variation of
forward speeds, data we:t'e selected correswnding to a representative slow
speed of translation of hurricane center (ST), representative moderate speed
of translation (MT), and representative high speed of translation (HT).

Direction of Hurricane Mo~ement

The azimuth distribution of paths followed by hurricanes of record in
zones l, 2,3, and 4 is shown in figure lO, and in zones A} B, and C in fig-
ure 2l. No evidence of a systematic relationship between hurricane intensity
and direction of movement could be found. All tropical storm path directions
may therefore be used to judge azimuth characteristics of paths of severe
storms in the zones. The storm data from which figures lO and 2l were

.,.
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constructed are listed in table B of the appendix. The average direction of
movement changes slowly from zone 1 northward through zone 4. The directions
in zone 1 are mostly from the southwest to southeast. The average zone 2
direction is from the south, zone 3 from the south-southwest, and zone 4 from
the southwest to south-southwest. The average di11ection of movement in the
Gulf also changes slightly from zone to zone. The vlest Coast of Florida
receives most hurricanes from the southeast direction although another large
group enters the area from the south-southwest. ~st hurricanes pass through
zone B from the south and the southeast, and th~ough zone C from the east and
southeast.

3. STANDARD PROJECT HURRICANE INDICES

The various correlations described in detail in section 2 were used as
a basis from which to develop specifications and limits of hurricane dimen-
sion spans which are called "Standard Project Hurricane (SPHY Index Character-
istics." The term SPH index was defined in section 1. Hurricane wind speed
patterns are synthesized within the limits dictated by these cha.racteristics.
There are also described in this section the various considerat1ons necessary
for applying the SPH indices to determine the SPH for a specific project area.

g~ricane Parameters and Characteristics

The SPH indices listed in table l are based on analysis of meteorological
factors that are pertinent to the Atlantic and Gulf Coasts and that are con-
sistent meteorologically from point to' point along the coasts. The listed
indices were obtained from figures l, 5, 5a, 7, 9, and 22 for the Atlantic
Coast and figures il, l5, l7, 20, and 22 for the Gulf Coast. These indices
are discus sed in the following paragraphs.

Central pressure index. - The central pressure indices (CPI) selected
as representative of an SPH index central pressure and pertaining to each
location along the coast, as listed in table l, were tal~en from fi~e 5a for
the Atlantic Coast zones and from figure l5 for the Gulr Coast zones, indi-
cating an average return period of approximately lOa years wi thin the res-
pective zones. In zone 2, during the 57 years of record, there have been only
11 hurricanes with a cpr of 29.00 inches or lower. An analysis of these data"
(fig. 5) indicated a frequency of occurrence of certain cpr's in the center
of zone 2 (near the ,northern boundary of Florida) lower t~ might be e~ert-
enced near cape H~tteras or near the southern tip of Flo~i4a. However, with
only 11 stQrms 011 which to base a conclusion, it is not possible to be s~,e
of the degree of lesser risk in zone 2. A portion of figure 5 is r~pr6dug~,q,
in figure 5a showing a frequency curve with a recurrence interval of once in
100 years and the modifications from which the representative cpr values for
ZGne 2 were derived. The modified c~e is adjusted by smoothing the lOO-
year curve of fi~e 5 at the northern limit of zone 1, and on the southern
boundary of zone 3 and also by enveloping the cpr of hurricane Ha~el of
October l5, 1954..

Radius of: maximum winds. - For each sele'cted cpr corresponding to t~e
SPH index, the representative small radius of: maximum winds (RS), mean radius
(RM), and large radius (RL) to region of: maximum winds, as listed in table 1,
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were taken from figure 7 for Atlantic Coast zones and from figure l7 for the
Gulf Coast zones. The RS and RL were taken from the enveloping curves. The
RM values were taken from the mean radius curve of figu;r-e l7 and from the
mean radius curves pertaining to the individual latitudes of figure 7.

.

For.rard speed. - Values of representative moderate speed (Mr), high speed
(lIT), and slow speed (ST) of translation of the hurricane center in the Atlan-
tic Coast zones, shown in table l, were read from the res~ctive curves shown
in figure 9. Fo~yard speeds in the Gulf Coast zones B and C were taken from
figure 20 where the slow speed and high speed rates are the two extremes of
observed speeds and where the moderate speed is the median of the data. The
forward speeds of record in zone A of the Gulf Coast allow an analysis cor-
responding to the east coast of Florida as shown in figure 9. Forward speeds
assigned to zone A, on the Gulf Coast, in table 1 are the same as for the
cor;responding latitudes in zone l, on the Atlantic Coast, and were taken from
figure 9.

Maximum gradient wind. - The maximum gradient wind (V ) as related to
gx

(2)- R(O.575f)
,v = 73(p - Pgx: _n 0

where V is the maximum gradient wind speed in miles per hour, p is the
gx: 0

central pressure in inches, Pn the asymptotic pressure in inches, R the radius

of maximum winds in nautical miles, and f the Coriolis parameter in units of

hour-l. The maximum cyclostrophic wind (upper graph in figure 22)- is a func-

tion of p - p. The outer dashed curves in the gr aph are based on eXtreme
n 0

valueS of Pn' derived in turn from envelopes of a plot (not s4own) of Ph ver-

sUS P values from table 3-l of reference [4]. The center solid curve of
0 .

figure 22 is based on the standard sea level pressure of ~.92 inches, which

is also the average of all Pn's in table 3-l of refere,nce [4]. The standard

sea level pressure curve (upper fig. 22) is used in connection with the SPH
index cpr to determine the maximum gradient wind speeds, assuming little or
no forward speed of the hurricane. Limits of the ~adient wind speed for a
specific cpr at the zone of maximum winds for a hypothetical hurricane assumed
with zero forward speed, may be determined for the Atlantic and Gulf Coasts

from figure 22.
"I

Maximum 3()-ft. over-water speeds. - The maximum wind at 3() feet above the
- - .

open water has been found to vary fr<;>m about 75 to lOO percent of the above
maximum theoretical gradient wind speed. The ratio from the 1949 hurricane at
Lake Okeechobee, 86.5 percent, which is near the middle of the range has been
selected as the standard [2]. The estimated maximum 3()-ft. over-water wind
speed (V), except in zone B, was computed from the formula

x

= O.865v + O.~T
@{

vx

..

cpr, R, and latitude is shown in f'igure 22. Graphs were determined f'rom the
equation

1/2
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where T is the average speed of translation of the hurricane center. A number I

of analyses of wind fields in hurricanes have shown 0.5T to be a reasonable

approximate asynJrIletry factor. For zone B, the conversion factor from gradient
to 30-ft. over-water wind speed was modified by observed hurricanes in the
vicinity of Lake Pontchartrain in Louisiana, and other hurricanes that passed
through zone B. In the September 1915 hurricane, the September 1947 hurricane,
hurricane Flossy of 1956, and hurricane Audrey of 1957, in zone B, the ratio
of' V to V was greater than the standard ratio of 0.865. To obtain maximumx gx
wind speeds for the Spgindex in zone B comparable to speeds estimated from
studies of hurricanes that occurred in that zone, the ratio of' 3O-ft. to
gradient wind speed was determined at 0.885. Tins ratio was based primarily
on the September 29, 1915 hurricane at New Orleans. Thus, zone B maximum
3O-ft. wind speeds were computed from the formula

= o.885v
-I\~;~::::

vx gx

Isovel Charts

The Standard Project Hurricane index wind fields (isovel* patterns) were
developed for the approximate center of eac4 zone from the SPH index parameters
listed in tables 1 and 2. The procedures and derivation of the isovel patterns
are explained in subsequent paragraphs.

Construction. - Synthetically derived isovel charts for RM and EL hurri-

canes showing wind speed patterns for Atlantic and Gulf Coast zones are shown
in figures 23 through 46. These charts were prepared for the cpr at the
approximate middJ"e of the zones,~ for forward speeds representative of zonal
ranges of the moderate and high speeds of center translation, and for the RM
and RL hurricanes. Tf1e SPH index isovel patterns were modeled after maximum
hurricanes of record, such as the hurricanes of September 29,1915; September
21,1938; September 14, 1944; Au~st 26, 1949; and June 27, 1957.The isovel
charts were constructed in the following steps: (a) computing, for the se-'
lected cpr and R, a profile of gradient wind speed for a: stationary or slow-
moving hurricane using the formula [2]

1/2

- p) ~ er
0 r J

~ (Pn
p

- K=
g

where V is the gradient wind, p is the air densit y, p is the avera geg n
asymptotic pressure (29.92), p is the cpr, R is the radius of maximum winds,

0
r .is any a?signed radius, and K is a constant depending on latitude and r;
(b) reducing the gradient wind-speed profile to a 3Q-ft. over-water wind--speed
profile by empirical factors [2] with the zone B factor increased at the ra-

,dius of n1aXimum winds as described in the sub-section on :'maximu.'U 3Q-ft.
over-water wind speed ,r and proportionately elsew11ere; and (c) applying an
adjustment to the 3Q-ft. over-water wind-speed profile so as to show a pattern

*
Same as isotach.
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wi th a moderate degree of asymmetry wh~ch is in direct proportibh to the rate
of forward speed of the center. The asymmetry factor applied to the 50-ft.
over-water wind-speed profile was added to the wind speeds :i.n the right sector
of the hurricane and subtracted from the speeds in the left sector according
-1:-0 the formula

v = V
a

+ O.5T cosa.
(,,6)

.
where V is the 3Q-f't.. over-water wind speed at any selected point., Va the

average 50-ft. over-water wind speed at a given radial distance from the cen-
ter, T the forward speed of hurricane translation in miles per hour, and ~
the angle between the vectors showing the direction of forward motion' of the
storm and wind direction. 'I!'Ile resulting iso-"el patterns for the center of
each zone (figs. 25 through 46) were obtained by using the values of cpr in-
dex and the fonlard speeds listed in table 2.

Isovel p~ttern as etry and limits of rotation. - Several investigators
have found, that al1 isovel attern sh' . nge.at...:Wind~_the right-

~~d:t'q;."tt--4.-~~.~~t-,~,11_t~~Yc-to-'~,4J;J;fing hurricanes. Cl~ne [5] states
that, "the wind velocities are much greater i~errg1!t'""'tIa:lf than in the left
half of the cyclone area, and the greatest sustained wind velocities occur as
a rule in the right ~ear c;l.uadrant. " Hughes [6] has stU!1illarized a large nurober
of reconnaissance flights, producing what is believed to be the best and most
definitive composite low-level wind speed pattern yet available. Hughes
states that the strongest winds are ip the right rear quadr~t in the wind'
speed pattel"n. Many variations may occur in the standard project hurricane
index isovel patterns shown in figures 23-46. To represent the many patterns
that would be reasonable to expect in each zone with the same parameters (CPI,
R, speed of translatio;n, and V ) the isovel patterns in figures 23-46 may be

... x -
rotated with limits of lOO° counterclockwise and 500 in a clockwise direction.
The limits of rotation are indicated on the isovel charts by dashed arrows
extending outward from the wind center,. .

Va:r;-iation of R. - The distance. scale on the SPH index isovel' charts for
each zone is given in terms of R (Radius to maximum winds). Any R listed for
a zone in the ru~, or RL columns of table 1 may be substituted as the distance
seale for the respective isovel pattern for that zone.

"Adjusting isovel pattern for variation o1~ CPl. - The isovel patterns

shown in figures 23- ,which were constructed for the SPH index CPl at the
approximate middle of the zones, may be adjusted for other locations corres-
ponding to the CPl's listed in table l for various points in the zone by
mUltiplying all speeds by the ratios listed in table 3. The ~um CPl va~-
iation in table 1 for zone B is only 0.05 inch. The wind speed difference
due to varying the CPl over this range is about l percent. Therefore, the
wind speed patterns shown for zon~ B in figures 43, 44, 45, and 46 can be
used over water an~~here in the zone.

Charts for small radius hurricanes. - The recommended wind-speed profile
for the sm~ radius RS h~'ricane is shown in fi~e 47. The variation of
wind speed from one side of a sma.l1 hurricane to the other, at any fixed

"
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radius, is not well known. A symmetrical wind spee.d pattern is, therefore,
recommended for RS hurricanes. That i~, the isovelsare circles concentric
with the center of the storm. Figure 47 is in terms of relative distance
from the center and relative wind speed. The relative distance, in terms of
R, is obtained from the RS column of table 1, and wind speed is obtained from
the 3Q-ft. over-water wind speed, Vx column of table 1, which is pertinent to

the selected rate of folvard speed. RS hurricanes should be handled in the
s~ manner as RM and RL hurricanes with respect to wind direction, allowance
for filling over land, limits of forward ,speed, adjustment of wind speeds
near the shore, and selection of direction of forward motion.

Variation of isovel pattern with forward speed. - Forward speed for an
SPH for any specific location within a zone should 'be selected within the
ran@e of forward speeds shown in table 1. Forward speed within these ranges
can be assumed to be independent of CPI and R. Fast-moving hurricanes are
believed to have a greater asymmetry of their wind-speed fields than slow-
moving storms. The highest speeds are most generally found somewhere in the
right half of the storm. These two conditions have been taken into account
in developing the patterns in figures 23-46 i by adding the forward speed fac-
tor as descriQed above. This is an empirical approximation and a higl;l degree
of refinement of adjusting wind speed patterns to forward speed of translation
is not required. The information shown in figures 23-46 was computed for the
forward speeds listed in table 2 and can be applied directly to all forward
speeds in the respective MT and HT columns of table 1. Isovel patterns for
forward speeds other than shown in figures 23-46 may be obtained by an inter-
polation wi thin the generalization of formula (6).

:t

Wind Direction

The wind direction at 30 feet'above the surface for use in conjunction
with the isovel patterns given in figures 23-46 may be approximated from
table 4. These directions are shown by arrows on the charts. Because of' the
curving field, direction 1S correct only at the arrow point.

Adjustment for Filli~g over Land-

The normal weakening of a hurricane, when the center is over land, may
be approximated by reducing the open-sea wind-speed values by the factors
given in ta~le 5.. ~e use of these factors yields over-water wind speeds in
portions of the storm that are still over a water-frictional. surface. Fur-
ther reductions are required to obtain speed for portions of the storm over
land as described in the next sub-section.

The factors for reducing hurricane wind speeds depend on the time t~at
the storm center remains over land and upon the size of the land mass. Hur-
ricanes that have moved over the Florida peninsula have generally had a
slower rate of filling (weakening) than hurricanes that have moved onshore
over the other parts of the Eastern Seaboard. This difference is illustrated
in table 5 which lists adjustment factors for both cases. Table 5A li~ts
empirical adjustment factors which were derived from a study of the change in
central pressure in eleven storms that moved onshore and remained over land
in southeastern United States other than Florida, and table 5B lists similar
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factors derived from four hurricanes that passed over Florida. Table 5A is
used to adjust the wind speed of SPH f~r filling when the center passes over
land except when relatively large peninsulas and bays are involved. In case
the hurricane II:Ioves over Florida (south of latitude 30oN.), the lower Missis-
sippi Delta, Long Island, or over a large bay such as the lower Chesapeake
Bay, table 5B will apply until the center moves beyond that area, after which
table 5A will apply as long as the center remains over land.

Adjustment of Wind Speeds Near Shore
~---~

If spee~Qver the water near the shoreline are critical,~ the reduction
of speeds at the 3O-ft. level by friction may be approximated in the follow-
ing manner. Reduce on-shore shore to 0.89 of the over-water
value. This eauction should be made over a" transJ. ~o z twOor'f:fir""ee
mI"es:~ For off-sho~e winq.s at the shore, the reduction ,factor varies from
about 0.401to 0.10,.depending on the frictional characteristics of the shore-

" -
line. For a comparatively smooth shoreline such as that at Lake Okeechobee,
Fla., the reduction factor may be as high as 0.70, but for a rougher terrain
the reduction factor may be as low as 0..40. Adopt, for the SPH off-shore
winds at the shore, a 0.70 reduction of the over-water value unless it is
otherwise determined that the configuration ,of a particular location requires
a greater adjustment. Tl1e II speedup'" to over-water values should be accom-

plished in about 10 miles. The adjustment factors of ~nd speeds near shore
for the SPH conditions are shown in table 6.

Comparison of SPH Indice~ wi~h Obse~ed Hurricanes

.I "'t~: :;;:"'; ";,,

".~:

Purpose of c~mparison. - Comparisons are shown here to afford the user
of the SPH indices several bases for relating these SPH indices to like para-
meters from known hurricane events. The SPH indices are based on a model and
statistical analysis of a variety of data from the hul1ricanes of record. The
scatter of data was partialLY handled by enveloping the data as illustrated
in figures 7 and 9. The prin9ipal intensity criterion for determining the
SPH index is the cpr. Howe;ver, fbt" observ~d storms with a given CPI, there
is considerable variation in the distribution of wind speed, radius of maxi-
mum winds, fOr\lard speed of translation, and deflection angles about the
center. Resultant tides and waves are functions o~ these factors. In order
to relate an SPH to _.$o~e known events, SP~ indice;s may be compared with

p~~Te-:ta:t':i:V~'cIna;~~S-'O':f-"t~--SPH"ifid1oes and parameters of several
observed hurt"icanes as illustrated in figures 48 and 49..

Intensity indices. - An intensity comparison may be made between the SPH
indices and any of several corresponding parameters from known hurricane
events. Tliese ~y be (1) central pressure index, (2) pressure gradient, (3)
rlidi us of' maximum winds, ( 4) wind speed, ( 5) forward translation speed, and
(6) wind stress. The CPI, Rj wind speed, and forward speed for known hurri-
cai1~s are listed in table A of the appendix and may be compared with the
corresponding SPHindices listed in table 1. A comparison between observed
maximum wind speed arid selected SPH index maximum wind speed is shown infigure 48. .
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Wind stress. - Comparisions between isovel patterns determined according
to SPH indices and isovel patterns from observed storms may be made by com-
paring areas Under the curves and the relative shape of the curves shown in
figure 49. It is generally assumed that wind stress is proportional to the
square of the wind speed and is in the same direction as the wind [7]. The
component of the wind stress in the x direction at a point may be given by the
formula

1: = k~ cas Q
(7)

where "C is the wind stress (tangential force per unit area), k is a constant,
Q is the angle between the wind'vector and the x axis, and W is the surface
wind speed. The graphs, in figure 49, show the component of wind speed
squared along a line through R and parallel to the direction of forward motion
for both SPH and selected observed hurricanes in the several Zbnes. The curves
integrate, to some extent, such intensity indices as R, wind speed, and forward
translation speed. It is assumed.that the relative area under a curve is

approximately proportional to the storm-surge-producing potential of the storm
at that ~rticular time and place.~

~
!c ;

?'
!
"

j;

Ic

4. SUMv!ARY OF CONSIDERATIONS

The hypothetic~ Standard Project Hurricane for any location is to be
selected largely on the basis of the Standard Project Hurricane (SPH) indices
developed in this report which include the parameters shown in table l. To
determine the SPH for a specific project area or location, the most severe
conditions sh

e SPH indices table l --fQcu~ location. In order to determine meteoro-
ogical conditions which will prodtice-~h:e~~st severe surge, consideration

should be gi yen to such loc~ characteristics as coastal configuration and
ocean bottom contours as well as the SPH indices.

The following conditions should be considered in determining the
Standard Project Hurricane criteria, from the SPH indices:

(l) Direction of movement. - The most critical pa~h or direction of for-

ward motion for the particular index isovel patterns can be determined on the
-basis of coastal confi~ation or inlet, within the span of directions shown
to be common on th.e ,azimuth charts of past hurricane paths in the zone con-
cerned, fi~es lO and 2l. It may be necessary to consider several paths to
determine the - most critical path considering the variations in the isovel

patterns, radius of maximum winds, areal size, and forward speed.

. (2) Geo~aphic reference points. - In order to determine a series of
isovel patterns, the wind field centers should first be located along the
selected critical path at appropriate intervals (l-hour intervals will
possibly prove satisfactory). The latitude or location of the isovel pa~tern
center should be used to select the appropriate CPI and other parameters from
table 1. The hurricane center location is also important in obtaining, from
table 3~ the ratio required for adjusting the over-water isovel patterns,
which are given for the middle of each zone in figures 23-46, to the pattern
appropriate for the desired location.
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(6),~~justment !:~r land effec~~. - As the hurricane approaches land, the
JJLov~.pattern near the shore should be adjusted for the greater surface
fricllin.,and, if the center moves over land, the"'entire storm should bead,-

~t~d for filling. The adjustment factors for reducing hurricane wind speeds
(isovel patterns) due to filling over land and for onshore and offshore winds
ar~ presented in tables 5 and 6 respectively.
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TABLE 4. - wrl.'D DIRECTION FOR STANDARD PROJECT HURRICANE

Deflection An2le*

200
Transition 200 to 250

Radiu,!
Center to region of maximum

winds (R) ---

R to 1.2 R
1.2 R and beyond to outer limit

/ ot' isovel pattern
250

*Angle between true wind direction and a tangent to a circle with
center at the storm center.

A--Center over United-States mainland with exception 0'£ large
peninsulas or bays.

Ad "ustment ratio for win4s eeds

ove..r w"-+,,-Y 5Peed.;

Time (hours)

(Hurricane center)
t (at the coast)
t + 1
t + 2
t + 3
t + 4
t + 5
t + 6

.. t + 7
t + 8

1.00
.93
.88
.85
.82
.80
.78
.76
.74,

B--Center over Florida south of latitude 30 degrees north. other
large peninsulas. or large bays

\

Adiustment ratio for wind speedsTime (hou!:s)

(Hurricane center)
t (at the coast)

t .. 1

t + 2

t + 3

t + 4

t + 5

t .. 6

1.,00
/

.9(2,

,-~;;~:
..92

~9'.

.66

..82

Note: Multiply over-water wind speed by pertinent adjustment factor to
obtain adjusted over-water wind speeds after the center has been
over land for any interval of time.

~
~



. "}

-'-.7

~

TABLE 6. - WIND SPEED ADJUSTMENTS NEAR SHORE

~

,

Wind direction

Onshor~

Onshore

Offshore
~

Offshore

Ratio*

1.01

0.89.

Q;1

1.0

Location

2 - 3 miles offshore

At coast

At coast

10 miles offshore

*Ratio of 30-ft.wind speed at location to open-water wind
speed for same distance and direction from hurricane center

r
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I

I



~r
~

'"
"" 45°~

. .
.I'.'

'i:-:-~'~~'"
~. .\.
. J

"...,..

I
.-'

I.J

1'="
I

/"

ZONE3~..
""

..1;.,
\

~

\ I

;~f
~j

1;;i;

--

Figure 1

~
r.~ 1



21

i
}, Figure 2. - Cumulative frequencies of hurricane central pressure index,

Atlantic Coast United states, 1900-1956.
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Figure 4. - Cumulative frequencies of hurricane central pressure index,
1900-1956, (plotted as frequency per 100 years).

..~
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LATITUDE (ON)

Figure 5. - Latitudinal variation of average frequency per 100 years of
hurricane central pressure index, east coast United States (1900-1956)
over zones of approximately 60 ,000 square miles.
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Figure 8. - Variation with latitude of departures of points in figure 7
from mean curve.
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Supplementary poInts:

/ hour average speed, October /5,
954 II il

/ , Hazel.Average of 2 hours before and
after 'entering coast

@

4 hot.Jr overage speed, September 2/,
/938 at sea

a

Mean for zone of above points..
August 28, /954 (Cora/), 24-hour
average, east of zone.

.

Figure 9. - Latitudinal variation of rate of movement of hurricane center,

Atlantic Coast United States (1900-1956).
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Representative High Speed of Center
TransJat1on (R'l')

-(/)t-
o 25
z
~

z
0

,

<1 t

~
V>
Z
<1
a:

Q:
W

Z
W
U

W
Z
<1
u

a:
a:
::)
I

lJ..
0

W
I-
<1
a:

Note: Representativ~ speeds for zone A (west
coast of Florida) taken from figure 9. .
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figtlre.

Figure 22. - Relation of maximum gradient wind to central pressure index.



43

Zone 1 (Southern Florida, East Coast)
Mean Radius (RM)

Moderate speed of translation (MT)

Note: For CPI of 26.74 inches, to
adjust CPI, see table 3.

Figure 23. - Standard Project Hurricane 3O-ft. over-water isov~l pattern.
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/''"
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/"
"""""""""""~~", ,---/

Oistonce Scote in Terms of
Rodius to Region of Moxlmum
Winds (R) (S.. Text)
* Wind Center

Note: For cpr of 26.14 inches, to
adjust cpr, see table 3.

Figure 24. - Standard Project Hurricane 3O-ft. over-water isovel pattern.
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* Wind Center

~

Note: For CPI of 26. 74 inChe:':':~,.,.., , adjust cpr see table 3.
Distance Scale is in T.""s of Radius

to Rq;ion of Maximum Winds fR) see text

Figure 25. - standard Project Hurricane 3Q-ft. over-water isovel pattern.
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ZOne l (Southern Florida, East Coast)
High speed of translation

~
~
~
~
"
~
~
~

~
E
Q

/20
..,/ Limits of Direction of Forward Motion/

/ --

/

/
/

* Wind Center" /
/

~~

~ Distance Stale is in Terms Qf Radius

if) Rtgifm Qf Maximum Winds (R) see te.Yt

Figure 26. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zone 2 (Northern Florida to South
Carolina)

Mean Radius (RM)
Moderate speed of translation {lIn')

Direcfion of

<~~"-- "~o, a."" "...~
"""" rq,o,

""q "" "Q~o-

-.. ~
'-- o~

" o~
"

"'
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/"

~~

"
"-,

~~
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\

",]

,
I
I
I

-..{

~

-

~

9R

'COR

fIR

~

12'R

~

13R

/!
/'

'"
Oistol7ce Scale in Terms at
Rodilis to Regiol7 of Maximum
WindS (R) (See Text)
-Wind Cel7ter

Note: For CPI or 27.65 inches, to
adjust cpr see table 3.

Figure 27. - Standard Project Hurricane 50-ft. over-water isovel pattern.
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~~

Distance Scate In Terms af
Radius fa Region at Maximum

.winds (R) (See Text)
* Wind Center

'" '20

For cpr of 27.65 inches, to
adjust cpr see table 3.

Note:

Figure 28. - Standard Project Hurricane )a-ft. over-water isovel pattern.
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* Wind Center

Note: For cpr of 27.65 inches, to
adjust cpr see table 3. Distance Scale is in Terms of Radius to Region of Maximum Winds (R) Jet text

Figure 29. - Standard Project Hurricane 3O-ft. over-water isovel pattern.
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20

""

~

'-.:
""

"30

* Wind Center
Note: For cpr of 27.65 inches, to

adjust cpr see table 3. Distance Scale is in Terms of Radius /0 Reg.". of Maximum Winds (R) see text

Figure 30. - Standard Project Hurricane 3O-ft. over-water isovel pattern.
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Zone 3 (South Carolina through southern
Maryland)

Mean Radius (RM)
Moderate speed of' translation (lwfi1)
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Zone 3 (South Carolina through southern

Maryland)
Mean Radius (RM)
High speed of translation (BT)

"
"

/

-

\
\0

"'-30
Oisfonc. Scot. in r.rms at
Radius fa R.gion of Maximum
Winds (R) (S.. r.xf)
* Wind C.nf.r

Note: For cpr of 27.55 inches, to
adjust cpr see table 3.

Figure 32. - Standard Project Hurricane 3O-ft. over-water isovel pattern.
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Zone 3 (South Caro1.ina through southern
l'omry1.and)

Lar ge Radius (RL)
MOderate speed o£ trans1.ation (MT)

~~I~

Figure 33. - standard Project Hurricane 3Q-ft. over-water isovel pattern.
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'" ,/

"" ./

"""
~""""""" :-, ~~-'--""""~~~-~

Note: For cpr of 27.55 inches, to
adjust cpr see table 3.

/'"
Distance Scale in Terms of
Rodius ta Region af
Maximum Winds (R) (See Text)
*Wind Center

"-
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Zone 4 (Maryland to Maine)
~an Radius (RM)
Moderate speed of translation (m)

-

Disfance Scale in Te,ms 01
RadiuS fa Region of Maxli7wm
Winds (R) (See Text)

* Wind Cenfe,Note: For cpr of 27.74 inChes, to
adjust cpr see table 3.
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Zone 4 (~land to Maine)
Mean Radius (RM)
High speed of translation (RT)

...

i~~1

""
""

"'"""
"'-

Note: For CPI of 27.74 inChes, to
adjust CPI see table 3. Distance Scale in Terms of

Radius 10 Region of Moxlmum
Winds (RI IS.e rexil
* Wind Cenler

~

"
'20

Figure 36. - Standard Project Hurricane 30-1't. over-water isovel pattern.
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Zone 4 (:r.t;I.ryland to :r.t;I.ine)
Lar ge Radius (RL)
Moderate speed of translation (MT)

..,..
Direction of
Fqrword Molion

~

"

~""'-c~~/ ~~

~

£'"",..,~.,'";;;'-'7- : '---~ ~~

~

/ ,// '"/

'"
"'"

'" " "'"'""-.;""
"\ \" \"

~
\

,
,J

--1.

A"/

7
!R

/
'"\ /'" I\ /, /,/"''"\ /'"

"" "'"~ 7\ ---.,,"..:---\
""'"\ /

'"\ ".." ./'"
/\ ---

Rod/u. 10 Rogion of Mox",,"m
Wind. (H! (See rexl!. W,nd Cenl.'

/"\ "" /

~~~

Note: For CPI of 27.74 inches, to
adjust cpr see table 3.

Figure 37. - Standard Project Hurricane 3O-ft. over-water isovel pattern.
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Zone 4 (Maryland to Maine)
Large Radius (RL)
High speed of translation (HT)

, "
,~

""
""

'"
'"/ '" ""

"/OM

I

-.J

\ I'"
'" '"

'-.

~

~ --'\ ~" ~" Distance Scale in Terms of
Radius to Region of Maximum
Winds (fl) (See Text)
*Wind Center

-"
""

~
Note: For CPI of 27.74 inChes 1 to

adjust cpr see table 3.

Figure 38. - Standard Project Hurricane 3O-f't. over-water isovel pattern
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Zone A (Florida, West Coast)
Mean Radius (RM)
Moderate speed of translation (~)

"

~

"""""""""""""""",---~

Distance Scale in Terms 01
RadIus to RegIon at MaxImum
Winds (R) (S6e Text)
* Wind Center

Note: For cpr of 27.06 inChes, to
adjust cpr see table :).

Figure 39. - Standard Project Hurricane 3O-ft. over-water isovel pattern.
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Zone A (Florida, West Coast)
Mean Radius (RM)

High speed of translation (HT)

\

'"
'"""

'20
OislanC6 Scale In Terms of
Radius to R~gian of Maximum
Winds (R) (S~e r~xt)
* Wind Center

Note: For CPI of 27.06 inches, to
adjust cpr see table 3.

- Standard Project Hurricane 3O-~t. over-water isovel pattern.Figure 40.
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Note: For cpr of' 27.06 inches, to
adjust CPI see table 3.

* Wind Center

Distance Scale is in Tenns of Radius to Region of Maximum Winds (R) see text

Figure 41. - Standard Project Hurricane 30-ft. over-water isove1 pattern,
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.

'" " "'"
-'"'-

/

~

Note: For cpr of 27.06 inches, to
adjust CPI see table 3.

* Wind Center

Distance Scale is in Tenns oj Radius to RegirJn oj Ma.,imum Winds (R}see le.u

Figure 42. - standard Project Hurricane 3O-ft. over-water isovel pattern.
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Zones B and C
~an Radius (RM)
Moderate speed or translation (MT)

.I, .. , ;,

r.

f"

;\

~

Note: For cpr of 27.55 inChes, to
adjust cpr see table 3.

Figure 43. - standard Project Hurricane 3Q-ft. over-water isovel pattern.
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Zones B and C
Mean Radius (RM)
High Speed of' Translation (RT)

~I

.c;

;

'{",

1:';;;'
"",

Distance Scat. 'fl T.rms a'
Radius fa R.gian a' Max,mum
Winds (R) (S.. T.xt)
* Wind C.nt.rNote: For cpr of 27.55 inches, to

adjust cpr see table 3.

Figure 44. - standard Project Hurricane 3O-ft. over-water isovel pattern.
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Zones B and C
Large Radius (RL)
Mbderate speed of translation (MT)

~
f

I
I( .::: j 0 /1" ~f 1;,i1fjJ;'

~

""" /
/

""
"" / ...,/ Distance in Terms of

Radius of Maximum Winds
Se~ Text

"""
,it'

~

--~ ~-., ,.-

Note: For CPI of 27.55 inChes, to
adjust cpr see table 3.

F,igure 45. - Standard Project Hurricane 3O-ft. over-water isovel pattern

#
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Zones B and C
Large Radius (RL)
High speed of translation (HT)

,20'"

.. f

~i
,~,
~;
~

'"Note: For CPI of 27.55 inches, to
adjust CPI see table 3.

Figure 46. - standard Project Hurricane .3Q-fi. over-water isovel pattern.

L



'it

"

rdO
J

&!/)

rd.~~J..t
O

J

~~IJ..t
O

J

'b.

f.I~=.Mi1\

~
>0

e~Q
)

C
)

~of'>
rI1

-rl
rOQ

)
>

 
rI1

'rl 
rO

of'>
 

~
ttl 

'rl
n~

~
Q

) 
Q

)

~
"t1§

ttl Q
) E

"'a1~
i

rO
~

Q
)C

)~
Q

)-rlO
P

4~
rI1 S

 
~

rO
.Q

-rl
,~

 
~

~
 

~
II 

~
~

~

C
D

 
W

 
.q-

a 
a 

0
l~

//\) 
033dS

- 
O

N
IM

 
3/\Il.tt-'3~

(\)0

0

n:~ a:I{)cx:
(\J cr;
wa:

wuZ<
tl-(/)

a: 
0

~
w>I-<

t..JWa:

67.InQ
)

~0N~
"'

toQ
)

§()~.!:1

~'-'~:amH~to"'

Q
)

~C
f-i

0HP
I

'dQ
)

~InI
'd~~.~

I

~~()

oMH~+
'()Q
)

or-.>

0Hp.'Em~~.t-.::t~~

'I:,ifii"~



68

130

8230N
x MIle

CYCLOSTROPHIC WINO=73 1/2992-CPI
~

e25.5° N "\
XMIi'e /2/5

8380N ~.- ,
Mile 120 x

\!;"

840.50N

835.50N
280 N 8 x.MIi'e 840

Mile 420 x 833ON~ 8430 N'2 Mile 1025 x ~ 9/14/44

~ 6/27/57*
30.50Ne

:r:
0-
~"-'""

0
w
W
0-
U)

0
z

~

0:
W
I-
«
:5:
I

0:
W
>
0 9/14/4469/19/47

8/31/54l-
LL

0
f(')

90 8/6/496
69/8/00

LEGEND 69/11/54
69/29/15

6 ESTIMATED FROM PAST HURRICANE
x GULF SPH INDEX
. ATLANTIC SPH INDEX

W
l-
=>
Z
~

80

I FROM PRESSURE FIELD
VICINITY CAPE HATT.ERAS

2 AT BLOCK ISLAND, R. I.

0

~
::>
~
x
<t
~

68/16/15
70

NOTE: SELECTED SPH VALUES
REPRESENTATIVE FOR HIGH SPEED
OF TRANSLATION OF HURRICANE CENTER.

rt"'-
r;
(Co

~8/23/3360
26.00 29.00 ,.27.00 28.00

CENTRAL PRESSURE INDEX (INCHES)

Figure 48. - Relation of centr~ pressure index to maximum 3O-ft. wind,
Atlantic and Gulf Coasts.

12

II

10

0

0

0



t

69

£

~.
0

N~

'!I;

Figure 49. - Comparison of storm surge producing potential for various
standard project hurricane isovel patterns and observed hurricanes.
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