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METEOROLOGICAL CONSIDERATIONS PERTINENT TO STANDARD PROJECT HURRICANE,

ATTANTIC AND GULF COASTS OF THE UNITED STATES

Howard E. Graham and Dwight E. Nunn

l. INTRODUCTION

Authorization

The Bhth Congress, first session, by Public Law Tl, 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, seawalls, 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 freguencies 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.

ose

This report was prepared-to provide generalized hurricane specifications
that are consistent geographically and meteorologically for use in planning,
evaluating, and establishing hurricane design criteria for hurricane protec-
tion works. The specifications, criteria, procedures, and methods were deriv-
ed jointly by representatives of the Hydrometeorological Section, U. S. Wea-
ther Bureau and the Office of Chief of Engineers, Corps of Engineers. In
addition 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
dimensions 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 hurricene characteristics
are correlated with intensity criterion, Ilatitude, 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 1s based on envelop-
ing the records of meteorological 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]. The 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” 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 estimate 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. REach 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 mark 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
shown in figure 11. Each of these includes an area of approximately 80,000
square nautical miles. Each zone is about 00 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 CPI is




the prinecipal 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
from 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 determined from: (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 complete a computation but with enough
evidence to warrant an estimate. In the latter case, the CPI has been deter-
mined by (a) or (b) in an adjoining zone.

Cunulative percent of occurrences. - In consideration of the small amount
of data available, a plot was first made for each zone of the CPI versus the
cunulative number and the cumulative percent of storms. This was done as
described below to aid in determining the frequency of CPI occurrence on a
100-year basis. The plot was made of storms in which the particular CPI was
equal to or less than other CPI values. For example, in zone 1 there has been
one hurricane with a CPI of 20.35 inches, and there have been seven hurricanes
with a CPI of 28.00 inches or lower. Any one hurricane is represented only
once within a zone, but several hurricanes are represented in two or more
zones. Curves of CPI versus cumulative number of occurrences, as computed
and drawn for each zone, are shown in figure 2 for the Atlantic Coast and
figure 12 for the Gulf Coast.

Next, latitudinal profiles were constructed using values taken from the
graphs of cumulative frequency in the order of magnitude by zones (Pigs. 2
and 12), and plotted against the approximate mean location of the data in each
zone and smoothed. The profiles of cumulative frequency of hurricane CPI were
constructed throush the zones more or less parallel to the coastline showing
the percent of hurricanes having a certain CPI or less for any given point
along the coast. The variations for a given percent of occurrence of CPI's
along the Atlantic and Gulf Coasts of the United States are shown in figures
3 and 13 respectively.

Occurrences per 100 years. - Profiles of variations of average frequency
of CPI occurrences on a 1l00-year basis are shown for the Atlantic and Guli
Coasts in figures 5 and 15. In developing the profiles, the frequency of CPI
occurrence was computed for each zone on the probability basis using the
formula

100(M - 0.5)
= — (1)

where P is the percent chance of occurrence per year, M the number of the
event (rank), and Y the number of years of record (57). The data were
plotted on a normal probability scale so that the data with a normal distri-
bution would fall 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 frequency 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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figures 4 and 14. A graph of profiles of variation of the CPI frequency along
the coast was then constructed from zone probability curves. The correlated
variations of CPI with latitude along the Atlantic Coast and with distance
along the Gulf Coast are shown on figures 5 and 15. In order +to have a smooth
transition of frequency curves from the east coast of Florida to the west
coast, the curves of figure 15 were correlated to the corresponding curves
from zone 1 (fig. 5) at 2L4° 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 smaller sub-zone of approximately 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 within zones. A hurricane passing through 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 CPI frequency, the variations of storm tracks (direction
of approach), and the occurrence of meximum winds for various radii snd for-
ward speeds that are possible for a given CPI.

Radius of Maximum Winds

Index of hurricane size. - Radius to region of maximum winds (R) is an
index of hurricane areal size and is an important 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 hwrricane 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 pressure field. The
observed R was used, whenever available, for all correlations. In the absence
of an observed R, the computed value was substituted. To determine the
validity of substituting one type of R for another, all observed R's were
plotted against computed R's in the same storm (not shown). The grouping of
the plotted points about the 45° line drawn through the origin of the graphs
was sufficiently symmetrical to warrant the assumption that observed R aver-
ages about the same as computed R.

Variation of radius of maximum winds with central pressure index. - The
relationship and variation of R to CPI as determined graphically for the
Atlantic and Gulf coastal areas are shown in figures 7 and 17 respectively.
Due to the variation of R for a given CPI, 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 CPI from all of the hurricenes (CPI less than 29.00 inches from 1900 to
1956) which have occurred in zones 1, 2, 3, and 4 are shown in figure 7 and
in zones A, B, and C in figure 17. The relationship of R to CPI shows the
tendency for hurricanes of lower CPI also to have smaller variation of R,
although there is a considerable degree of variation of R with any given CPI.
The relationship of R to CPI observed in the study corresponds with findings
of various authors and previous Hydrometeorological Section studies [2], [3],
and [4].
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Variation of radius of maximum winds with latitude, Atlantic Coast. - It
was determined, for the Atlantic Coast, that there is a slight variation of R
with latitude in addition to the CPI relation. The representative mean radii
(RM) of maximum winds over the CPI range for selected latitudes are shown for
the Atlantic Coast by the curves labeled 23%°, 28°, 33°, 38°, and 43° N. lati-
tude in figure 7. In order to determine curves of mean radii (RM) of maximum
winds through the CPI range for a given latitude, the departures of the indi--
vidual points from the mean curve of figure T 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 T and labeled for that
latitude.

Variation of radius of maximum winds with latitude and longitude, Gulf
Coast. - 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
little 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 R's occurring in zone C.

Forward 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 period from
5 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 CPI and R. For the Atlantic Coast, speed of the hurri-
cane center was plotted against the latitude where the speed was determined
and a mean profile and enveloping curves were drawn through 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 were selected corresponding to a representative slow
speed of translation of hurricane center (ST), representative moderate speed
of translation (MI), and representative high speed of translation (HT).

Direction of Hurricane Movement

The azimuth distribution of paths followed by hurricanes of record in
zones 1, 2, 3, and 4 is shown in figure 10, and in zones A, B, and C in fig-
ure 21. 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 Jjudge azimuth characteristics of paths of severe
storms in the zones. The storm data from which figures 10 and 21 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 L. 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 L4 from
the southwest to south-southwest. The average direction of movement in the
Gulf also changes slightly from zone to zone. The West Coast of Florida
receives most hurricanes from the southeast direction although another large
group enters the area from the south-southwest. Most hurricanes pass through
zone B from the south and the southeast, and through zone C from the east and
southeast.

5. 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 (SPH) Index Character-
istics." The term SPH index was defined in section 1. Hurricane wind speed
patterns are synthesized within the limits dictated by these characteristics.
There are also described in this section the various considerations necessary
for applying the SPH indices to determine the SPH for a specific project area.

Hurricane Parameters and Characteristics

The SPH indices listed in table 1 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 1, 5, 5a, 7, 9, and 22 for the Atlantic
Coast and figures 11, 15, 17, 20, and 22 for the Gulf Coast. These indices
are discussed 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 1, were taken from figure 5a for
the Atlantic Coast zones and from figure 15 for the Gulf Coast zones, indi-
cating an average return period of approximately 100 years within the res-
pective zones. In zone 2, during the 57 years of record, there have been only
11 hurricanes with a CPI of 29.00 inches or lower. An analysis of these data
(fig. 5) indicated a frequency of occurrence of certain CPI's in the center
of zone 2 (near the northern boundary of Florida) lower than might be experi-
enced near Cape Hatteras or near the southern tip of Florida. However, with
only 11 storms on which to base a conclusion, it is not possible to be sure
of the degree of lesser risk in zone 2. A portion of figure 5 is reproduced
in figure 5a showing a frequency curve with a recurrence interval of once in
100 years and the modifications from which the representative CPI values for
zone 2 were derived. The modified curve is adjusted by smoothing the 100-
year curve of figure 5 at the northern limit of zone 1, and on the southern
boundary of zone 3 and also by enveloping the CPI of hurricane Hazel of
October 15, 195k.

Radius of maximum winds. - For each selected CPI corresponding to the
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 17 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 figure 17 and from the
mean radius curves pertaining to the individual latitudes of figure 7.

Forward speed. - Values of representative moderate speed (MT), high speed
(HT), and slow speed (ST) of translation of the hurricane center in the Atlan-
tic Coast zones, shown in table 1, were read from the respective curves shown
in figure 9. Forward 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
corresponding latltudes in zone 1, on the Atlantic Coast, and were taken from

figure 9.

Meximum gradient wind. - The maximum gradient wind (Vgx) as related to

CPI, R, and latitude is shown in figure 22. Graphs were determined from the
equation
v_ = T3p, - p.)M? - R0.5T52) (2)
gx n o]
where Vgx is the maximum gradient wind speed in miles per hour, Po is the
central pressufe 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 meximum cyclostrophic wind (upper graph in figure 22) is a func-
tion of Pn - Po' The outer dashed curves in the graph are based on extreme
values of D, derived in turn from envelopes of a plot (not shown) of p  ver-
sus p_ values from table 3-1 of reference [4]. The center solid curve of
figure 22 is based on the standard sea level pressure of 29.92 inches, which
is also the average of all pn‘s in table 3-1 of reference [4]. The standard

sea level pressure curve (upper fig. 22) is used in connection with the SPH
index CPI to determine the maximum gradient wind speeds, assuming little or

no forward speed of the hurricane. Limits of the gradient wind speed for a
specific CPI 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.

Maximum %0-ft. over-water speeds. - The maximum wind at 30 feet above the
open water has been found to vary from about T to 100 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 30-ft. over-water wind
speed (Vx)’ except in zone B, was computed from the formula

V, = 0.865V, + 0.5T ‘ (3)

e
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where T is the average speed of translation of the hurricane center. A number
of analyses of wind fields in hurricanes have shown 0.5T to be a reasonable
approximate asymmetry 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 VX to Vgx vas greater than the standard ratio of 0.865. To obtain maximum

wind speeds for the SPH index in zone B comparable to speeds estimated from
studies of hurricanes that occurred in that zone, the ratio of 30-ft. to
gradient wind speed was determined at 0.885. This ratio was based primarily
on the September 29, 1915 hurricane at New Orleans. Thus, zone B maximum
30-ft. wind speeds were computed from the formula

V, = 0.835V_ +0.5T ()

Isovel Charts

The Standard Project Hurricane index wind fields (isovel#* patterns) were
developed for the approximate center of each 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 RL 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 CPI at the
approximate middle 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. The SPH index isovel patterns were modeled after maximum
hurricanes of record, such as the hurricanes of Septenber 29, 1915; September
21, 1938; September 1k, 194k; August 26, 1949; and June 27, 1957. - The isovel
charts were constructed in the following steps: (a) computing, for the se--
lected CPI and R, a profile of gradient wind speed for a stationary or slow-
moving hurricane using the formula [2]

]\ /2

Vg =(% (p, - 2.) % of -X (5)

where Vg is the gradient wind, p is the air density, pn is the average
asymptotic pressure (29.92), P, is the CPI, R is the radius of maximum winds,

-r is any assigned radius, and K is a constant depending on latitude and r;

(b) reducing the gradient wind-speed profile to a 30-ft. over-water wind-speed
profile by empirical factors [2] with the zone B factor increased at the ra-
,dius of maximum winds as described in the sub-section on "maximum 30-ft.
over-water wind speed” and proportionately elsewhere; and {c) applying an
adjustment to the 30-ft. over-water wind-speed profile so as to show ‘a pattern

i
t
3
i
.

*Séme as isotach.
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with a moderate degree of asymmetry which is in direct proportion to the rate
of forward speed of the center. The asymmetry factor applied to the 30-ft.
over-vater wind-speed profile was added to the wind speeds in the right sector
of the hurricane and subtracted from the speeds in the left sector according
to the formula

V=V +0.5T cos T (6)

where V is the 30-ft. 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 ot
the angle between the vectors showing the direction of forward motion of the
storm and wind direction. The resulting isovel patterns for the center of
each zone (figs. 23 through L46) were obtained by using the values of CPI in-
dex and the forward speeds listed in table 2.

Isovel pattern asymmetry and limits of rotation. - Several investigators
have found that an isovel pattern showing the strongest winds in the right
rear gquadrant is the most likely to occur during hurricanes. Cline [5] states
that, "the wind velocities are much greater in the right half than in the left
half of the cyclone area, and the greatest sustained wind velocities occur as
a rule in the right rear quadrant.” Hughes [6] has summarized a large number
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 in the right rear quadrant in the wind
speed pattern. DMany variations may occur in the standard project hurricane
index isovel patterns shown in figures 23-46. To represent the many patterns
that would be reascnable to expect in each zone with the same parameters (CPI,
R, speed of translation, and Vx) the isovel patterns in figures 23-L6 may be

rotated with limits of 100° counterclockwise and 50° in a clockwise direction.
The limits of rotation are indicated on the isovel charts by dashed arrows
extending outward from the wind center.

Variation 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 RM, or RL columns of table 1 may be substituted as the distance
scale for the respective isovel patitern for that zone.

Adjusting isovel pattern for variation of CPI. - The isovel patterns
shown in figures 23-40, which were constructed for the SPH index CPI at the
approximate middle of the zones, may be adjusted for other locations corres-
ponding to the CPI's listed in table 1 for various points in the zone by
multiplying all speeds by the ratios listed in table 3. The maximum CPI var-
iation in table 1 for zone B is only 0.05 inch. The wind speed difference
due to varying the CPI over this range is about 1 percent. Therefore, the
wind speed patterns shown for zone B in figures 43, Lk, 45, and 46 can be
used over water anywhere in the zone.

Charts for small radius hurricanes. - The recommended wind-speed profile
for the small radius (RS) hurricane is shown in figure 47. The variation of
wind speed from one side of a small hurricane to the other, at any fixed
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radius, is not well known. A symmetrical wind speed pattern is, therefore,
recomended for RS hurricanes. That is, the isovels. are 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 30-Tt. over-water wind speed, VX colum of table 1, which is pertinent to

the selected rate of forward speed. RS hurricanes should be handled in the
same 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
range 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-&6, by adding the forward speed fac-
tor as described above. This is an empirical approximation and a high 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 within the generalization of formula (6).

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 is correct only at the arrow point.

Ad justment for Filling 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 table 5. The 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.

1 The factors for reducing hurricane wind speeds depend on the time that
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 ligts
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 for filling when the center passes over
land except when relatively large peninsulas and bays are involved. In case
the hurricane moves over Florida (south of latitude 30°N.), 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 speeds over the water near the shoreline are critical, the reduction
of speeds at the 30-ft. level by friction may be approximated in the follow-
ing manner. Reduce on-shore winds at the shore to 0.89 of the over-water
value. This reduction should be made over a transition zone of two or three
miles. For off-shore winds at the shore, the reduction factor varies from *
about 0.40 to 0.70, 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. The "speedup" to over-water values should be accom-
plished in about 10 miles. The adjustment factors of wind speeds near shore
for the SPH conditions are shown in table 6.

Comparison of SPH Indices with Observed Hurricanes

Purpose of comparison. - 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 hurricanes of record. The
scatter of data was partially handled by enveloping the data as illustrated
in figures 7 and 9. The principal intensity criterion for .determining the
SPH index is the CPI. However, for observed storms with a given CPI, there
is considerable variation in the distribution of wind speed, radius of mexi-
mum winds, forward speed of translation, and deflection angles about the
center. Resultant tides and waves are functions of these factors. In order
to relate an SPH to some known events, SPH indices may be compared with
similar parameters from storms of record. The comparison will illustrate, in
part, the relative magnitudes of the SPH indices and parameters of several
observed hurricanes as illustrated in figures 48 and L9.

Intensity indices. - An intensity comparison may be made between the SPH
indices and any of several corresponding parameters from known hurricane
events. These may be (1) central pressure index, (2) pressure gradient, (3)
radius of maximum winds, (4) wind speed, (5) forward translation speed, and
(6) wind stress. The CPL, R, wind speed, and forward speed for known hurri-
canes are listed in table A of the appendix and may be compared with the
corresponding SPH indices listed in table 1. A comparison between observed
maximum wind speed and selected SPH index maximum wind speed is shown in

figure L48.
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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

£ = X cos © (7N

where T is the wind stress (tangential force per unit area), k is a constant,

6 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 zones. The curves
integrate, to some extent, such intensity indices as R, wind speed, and Torward
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 particular time and place.

L, SUMMARY OF CONSIDERATIONS

The hypothetical 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 1. To
determine the SPH for a specific project area or location, the most severe
conditions should be adopted that are within the limits of the parameters of
the SPH indices (table 1) for that location. In order to determine meteoro-
logical conditions which will produce the most severe surge, consideration
should be given to such local 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:

(1) Direction of movement. - The most critical path or direction of for-
ward motion for the particular index isovel patterns can be determined on the
basis of coastal configuration or inlet, within the span of directions shown
to be common on the azimuth charts of past hurricane paths in the zone con-
cerned, figures 10 and 21. 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) Geographic 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 pattern
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 2%-46, to the pattern
appropriate for the desired location.
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(3) Isovel pattern orientation. - The orientation of the isovel pattern,
with respect to the direction of forward motion, should be determined so that
the fetch is directed most effectively for the area under consideration. The
critical orientation, which will depend somewhat on local topography, will be
withén the limits of rotation as shown on SPH index isovel patterns (figs.
23-46).

(k) Forward speed. - The most critical forward speed for the project
site is to be selected within the span of forward speeds listed in table 1
for that latitude or location.

(5) Radius of maximum winds. - The radius of maximum winds can be select-
ed from the RS, RM, or RL columns of table 1 depending upon the most critical
radius of maximum winds for that particular location. The radius of maximum
winds will largely determine the length of fetch of high winds, depending on
the hurricane track and coastal configuration.

(6) Adjustment for land effects. - As the hurricane approaches land, the
isovel pattern near the shore should be adjusted for the greater surface
friction, and, if the center moves over land, the entire storm should be ad-
Justed for filling. The adjustment factors for reducing hurricane wind speeds
(isovel patterns) due to filling over land and for onshore and offshore winds
are presented in tables 5 and 6 respectively.
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TABLE 4, - WIND DIRECTION FOR STANDARD PROJECT HURRICANE

Radius Deflection Angle*
Center to region of maximum

winds (R) 20°
R tol.2R Transition 20° to 25°
1.2 R and beyond to outer limit

of isovel pattern 25°

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

TABLE 5. - FACTORS FOR REDUCING HURRICANE WIND SPEEDS WHEN CENTER OVER LAND

A--Center over United States mainland with exception of large
peninsulas or bays.

Time (hours) Adjustment ratio for wind speeds
(Hurricane center)
t (at the coast) 1.00
t+ 1 .93
t+ 2 .88
t + 3 .85
t+ 4 .82
t+ 35 .80
t+6 .78
t+ 7 .76
t+ 8 Jd4

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

; Time (hours) Adjustment ratio for wind speeds
; (Hurricane center)

i t (at the coast) 1.00

3 t+1 .97

| t+ 2 .95

12 t+ 3 .92

i t + 4 -89

i t+5 .86

il t+6 .82

f: 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.
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TABLE 6. - WIND SPEED ADJUSTMENTS NEAR SHORE

Wind direction

Onshore
Onshore
Offshore
Offshore

Location
2 - 3 miles offshore
At coast
At coast
10 miles offshore

Ratio*

1.0
0.89
0.7
1.0

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



ATLANTIC COASTAL ZONES FOR

50 miles mland and 150 miles off shore.

Figure 1
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Figure 20, - Percentage distribution of rate of hurricane center translation,

Gulf Coast United States, 1900-1956.



Gulf Coast, 1900-1956.

Figure 21. - Azimuth distribution of hurricane
paths in zone,
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Zone 1 (Southern Florida, East Coast)

Mean Radius (RM)
Moderate speed of translation (MT)

Direction of

Forward Motion /m

Distance Scale in Terms of
Radius to Region of Maximum
Winds (R) (See Text)

* Wind Cenler

Note: For CPI of 26.7h inches, to
adjust CPI, see table 3.

Figure 23. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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.Zone 1 (Southern Florida, East Coast)
Mean Radius (RM)
High speed of translation (HT)

Direction of

Forward Motion

20

Distance Scale in Terms of
Radius to Region of Maoximum
Winds (R) (See Text)

+ Wind Cenlter

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

Figure 24, - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zone 1 (Southern Florida, Fast Coast)
Large Radius (RL)
Moderate speed of trenslation (M)

Divection of Forward Motion

Limits of Divection of Forward Motion

30 MPH

* Wind Center

Note: For CPI of 26.74 inches, to Distance Scal s in Teoms of Rl
&d..juSt CPI see table 5. 1o Region of Maximum Winds (R) see texs

Figure 25. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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I 7one 1 (Southern Florida, East Coast)
High speed of translation

Direction of Forward Motion
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* Wind Center

- : Distance Scale is in Terms of Radius

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

to Region of Maximum Winds (R) see text

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 (MT)
A

Direction of
Forward Motion

Disfance Scale in Terms of

Radius fo Region of Maximum
Note: For CPI of 27.65 inches, to i 1) e ot
' 7 enter
adjust CPI see table 3.

Figure 27. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Note: For CPI of 27.65 inches, to
adjust CPI see table 3.

Figure 28. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zone 2 (Northern Florida to South
Carolina)

Large Redius (RL)

Moderate speed of translation (MT)

Limits of Divection of Forward Motion

—

Direction of Forward Motion

* Wind Center

lNote: For CPI of 27.65 inches, to
adjust CPI see table 3.

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

Figure 29. -~ Standard Project Hurricane 30~ft. over-water isovel pattern.




Zone 2 (Northern Florida to South
Carolina)

Large Radius (RL)

High speed of translation (HT)

of Forward Motion

\  Direction o

\

Limits of Direction of Forward Motion
—-— ~

30

* Wind Center

Note: For CPI of 27.65 inches, to
a.d.,just CPI see table 3. Distance Scale is in Terms of Radius to Region of Maximum Winds (R) see text

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

Mean Radius (RM)
Moderate speed of translation (MT)

Direction of
Forward Molion

Disfance Scole in Terms of
Radius fo Region of Maximum
Winds (R) (See Text)

* Wind Center

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

Figure 31.

isovel pattern.

- Standard Project Hurricane 30-ft. over-water
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Zone 3 (South Carolina through southern

Maryland)
Mean Radius (RM)

High speed of translation (HT)

Direcrion of
Forward Motion

Distance Scale in Terms of
Radius fo Region of Moximum
Winds (R) (See Text)

. 3 * Wind Center

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

Figure 32. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zone 3 (South Carolina through southern
Maryland)

Large Radius (RL)

Moderate speed of translation (MT)

Direction of
Forward Motion

_ — =~ Limits of Direction of Forward Motion
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Distance Scale in Terms of

Radius to Region of Maximum
Winds (R) (See Text)

% Wind Center

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

Figure 33. - Standard Project Hurricane 30~-ft. over-water lisovel pattern.
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zone 3 (South Carolina through southern
Maryland)

Large Radius (RL)

High speed of translation (HT)

HE Direction of
Forward Motion

_ Limits of Diretion of Forward Motion
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Distance Scale in Terms of
Radius to Region of |
Moaximum Winds (R) (See Text)
4 Wind Center

Note: For CPI of 27.55 inches, to
adjust CPI see table 3.
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Figure 34. - Standard Project Hurricane 3%0-ft. over-water isovel pattern.
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Zone 4 (Maryland to Maine)
Mean Radius (RM)
Moderate speed of translation (MT)

Direction of
Forward Mation

Distance Scale in Terms of
Radius te Region of Maximum
Winds (R) (See Text]
 Wind Cenfer

Note: For CPI of 27.T4 inches, to
adjust CPI see table 3.

Figure 35. - Standard Project Hurricene 30-ft. over-water isovel pattern.




Zone 4 (Maryland to Maine)
Mean Radius (RM)
High speed of translation (HT)

Direction of
Forward Molion 20

Note: For CPI of 27.T4 inches, to
a.d.,just C?I see ta-ble 5 ° Distance Scale in Terms of

Rodius fo Region of Maximum
Winds (R) (See Text)

\29 * Wind Center

Figure 36, - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zone L (Maryland to Maine)
Large Radius (RL)
Moderate speed of translation (M)

Direction of
Forward Motion

Distonce Scale in Terms of
Radivs fo Region of Mazimum

Winds (R] (See Text)
#* Wind Center

Note: For CPI of 27.Th inches, to
adjust CPI see table 3.

Figure 37. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zone 4 (Maryland to Maine)
Large Radius (RL)

High speed of translation (HT)

Direction of
Forward Motion

Distance Scale in Terms of
Radius to Region of Maximum
Winds (R} (See Text)

* Wind Center

Note: For CPI of 27.T4 inches, to
adjust CPI see table 3.

Figure 38. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zone A (Florida, West Coast)
Mean Radius (RM)

Moderate speed of translation (MT)

Direction of Jk
Forward Motion

Distance Scale in Terms of
Radius to Region of Maximum
Winds (R) (See Text)

* Wind Cenlter

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

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

| High speed of translation (HT)
;
iy
!
i Direction of )}~ 20
iH Forward Motion
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i
i
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1,
Jﬁ
i
i
i

Distance Scale in Terms of
Radius to Region of Maximum
Winds (R) (See Text)

* Wind Center

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

Figure 40. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zone A (Florida, West Coast)
Large Radius (RL)
Moderate speed of translation (MT)

Direction of Forward Motion

Limits of Direction of Forward Motion
e N

i \

Note: For CPI of 27.06 inches, to * Wind Center
adjust CPI see table 3.

Distance Scale is in Terms of Radius to Region of Maxinum Winds (R) see text

Figure 4l. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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i N Zone A (Florida, West Coast)

5 3 Large Radius (RL)

i = High speed of translation (HT)
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I Limits of Direction of Forward Motion
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Note: For CPI of 27.06 inches, to * Wind Conter
adjust CPI see table 3.

Distance Scale is it Terms of Radius to Region of Maximum Winds (R) see text

Figure 42, - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zones B and C
Mean Radius (RM)
Moderate speed of translation (M)

Direction of
Forword Motion .

Distance Scale in Terms of
Radius to Region of Moximum
Winds (R) (See Text)

* Wind Center

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

Figure 43. - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zones B and C
Mean Radius (RM)
| High Speed of Translation (HT)

Direction of - 20
Forward Motion

IMPH

Distance Scale in Terms of
Radius to Region of Maximum
Winds (R] (See Text)

NO‘l‘.e: For CPI Of 27.55 iIlcheS, to * Wind Center
N adjust CPI see table 3.

Figure hl, - Standard Project Hurricane 30-ft. over-water isovel pattern.
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Zones B and C
Large Radius (RL)
Moderate speed of translation (MT)

Direction
of Forward
Motion

—f—

Distance in Terms of
Radius of Maximum Winds
See Text

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

Figure L5.

- Standard Project Hurricane 30-ft. over-water isovel pattern.



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

Forward Motien

i
1
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fit 40 MPH
b |
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* Wind Center
Distance Scale is in Terms
 of Radius to Region of
£ Maximum Winds R seo text
Note: For CPI of 27.55 inches, to
adjust CPI see table 3.
Figure 46, - Standard Project Hurricane 30-ft. over-water isovel pattern. ;
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Figure 48. - Relation of central pressure index to maximum 30-ft. wind,

Atlantic and Gulf Coasts.
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DISTANCE ALONG FETCH (NAUTICAL MILES)

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