e 0705

I

. Coastal Zone 6L 27 1976
Information ‘ ,
o Genter U.S. DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration

PRELIMINARY

REVISED STANDARD 'PROJECT HURRICANE CRITERIA FOR THE ATLANTIC AND GULF
 COASTS OF THE UNITED STATES

MEMORANDUM HUR 7-120
~ Prepared by

Hydrometeorological Branch
‘Office of Hydrology

National Weather Service

- Qc Sllver Spring, Md.
44
3%38‘ : June 1972
1972

=)

e v - A e

AUTHENTICATED f
U.S. GOVERNMENT
INFORMATION
GPO



e e

'This draft report gives some revisions to a study covering
the same subject published in 1958 [1]. In the last two years
effort has been directed toward providing more regional details
in the analysis of the generalized meteorological parameters
used to describe hurricanes. Results of that study, to be
completed in 1974, may<neceséitate changes in standard project
hurricane (SPH) criteria. Another draft study [3], giving
similar meteorological criteria for probable maximum hurricane
(PMH) wind fields, will also be effected. Studies now in
progress are reevaluating these criteria with plans for a
published report sometime in 1975. This report, based on
these more detailed studies, will provide consistent SPH and
PMH wind fields.
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' PRELIMINARY

MEMORANDUM HUR 7-120
REYISED STANDARD PROJECT HURRICANE CRITERIA FOR THE ATLANTIC AND GULF COASTS
, OF THE UNTITED STATES
" Rydrometeorological Branch

Office of Hydrology
NOAA, National Weather Service

I. Introduction

This memorandum covets_revisions to Standard Project Hﬁrricane (SPH)
criteria given in National Hurricane Research Project Report No. 33 [1]', The
need for these revisions was prompted by a comparison of the wind fields in
well-developed hurricanes that occurred since 1956 with those use@l;o develop
the SPH in the original study. It is believed the wind fields or'average
radial storm winds of NHRP No.,33_shoq1d'ﬁe stronger relative to the highest
winds near the center of fhelstorm. This is supported by thejnumberlof storms
in recent years with winds that exceed those of NHRP No. 33..Figure 1 shoys
a comparisen of the earlier radiai wind profiles used in NHRP No. 33 with the
profiles estimated in the more reéent_stqrms that bearslout”this_contention.
In this figure both‘velocity and distance are drawn on a relative bgsis,'i.é.,
by ra;ios qf‘aptual wind to maximum wind and ratios of distancgrfrqm,yhe storm
center to radius of maximum wind.

Memorandum HUR 7-84 [2] and several subsequent memoranda of that seriés
provide revisions to NHRP No. 33 in zones B and C of the Gulf coast in order
to better reflect the greater windspeeds of Hurricane Carla (1961) and others.

Revisions of the present study are consistent with the revised values in zones
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While the revision of the relative wind fields provide the main motiva-
tion for this work, other hurricane paraméters were also updated, the most
impdrtant being the Central Pressure Index (CPI). An important considératiﬁn
in these revisions was to maintain consistency from zone to zone with a
study giving meteorological characteristics of the probable maximum hurricane.
[3). Criteria for the probable maximum hurricane (PMH) are the same meteoro-
logical parameters, some with the same values and similar developmental techni-
ques,as those of the SPH criteria.

One reason why meteorological parameters, such as the CPI, need revision
is that in the earlier storms the lowest pressure was seldom measured and
therefore had to be estimated by indirecf methods [4]. Eiceptions were those
storms where the center passed over a land station or a ship at sea. In
recent storms much more reliable central pressures are often obtained through
dropsondes from airplanes into the hurricane center.

The period of re_cord for the revised SPH criteria includes al;' relevant
storms in the 72-year period from 1900 through 1971.

Figure 2 shows revised values for maximum winds in the SPH along the
Atlantic coast, with moderate forward speeds and mean radii of maximum |
winds, compared to the values previously published in NHRP No. 33. The
'increased winds wup to about 35°N latitude are mainly due to lower CPI
values in the revised analyses. The slightly lower winds farther
north are due mainly to the adoption of a peripheral pressure that varies
with latitude.

The present study is meant to be an interim report, giving the major

changes in SPH criteria from that in NHRP No. 33. Many references are
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made to that report. The planned publication of revised SPH criteria will
contain the necessary information so that these references need not be made.

IT. Interpretation of the SPH

The SPH is a hypothetical hurricane that is intended to represent the
most severe combination of hurricane parameters that is '"reasonably ‘
characteristic'of a specified geographiC'region, excluding extremely rare
combinations. The SPH is intended as a practicable expression of the maximum

degree of protection that should be sought as a general rule in the planning

‘and design of coastal structures for communities where protection of human

life and destruction of property is involved. The height of the storm-
generated surge is the critical factor. This is mainly dependent on the
speed and direction of winds as a hurricane nears and enters the coast.
Thus, the important product of the study is the hurricane wind field.

There have been rnumerous inquiries indicating there are some misunder-
standings concerning what the SPH criteria represent. NHRP No. 33 and the
present revision show frequency analyses of the CPI for large zones along
the gulf and Atlantic coasts. The SPH uses the arbitrary 100-year return
period of the CPI as a standard for comparison and consistency from zone
to zone. However, use of 100-year return-period CPI values does not imply
that the SPH has a 100-year return period for any place in a glven zone,
since other meteorological parameters are also important. Hence the
standard project hurricane has no: frequency assigned to it. The angle
of storm approach to the coastline, the rate of travel, and.the radius
of4maximum wind areIimportantbmeteorological eonsiderations for determining
the hurricane surge. ' T "

Although a CPI with a 100-year return period may be read from figures
in this report for any point along the coast, it does not mean the value

is expected to occur once in 100 years at that point. Because of the manner



in which the stati;tics of the CPI were developed (see pp. 3 and 4 in

NHRP No. 33) the 100-year CPI at any point on the Atlantic coast, say x,
must be interpreted as the CPI value which may be expected to occur once in
100 years, on the average, at some point in a 300 n. mi. zone centered at x.
The smooth 100-year line which interpolates the CPI value from the mid-point
of one zone to another is a conﬁenience which insures a smooth regional pro-
gression of the CPI values,

Wind fields determined from NHRP No., 33 and this revision, represent
10-minute avefage speeds, standardized to a height of 30 feet above the
surface. The 10-minute average was adopted as a standard sustained wind.
Storm surges cannot be generated from wind gusts. The 30-ft height above the
surf#ce is used td standardize observations from instruments at differing
heights.

III. SPH parameters

The independent parameters\used to develop the SPH criteria are:

1. Central Pressure Index (CPI). This is the lowest pressure at the
storm center. It is an independent variable for determination of the
paximum gfﬁdiént windspeed (Vgx)' |

2. Peripheral Pressure (pn)' This is the sea-level pressure at the

outer liﬁits of the hurricane wind circulation. It should not be

confused with the hssymptotic pressure discussed in [3]. Revised

maximum wind (V,) values for this report (see Part IV, F) where p, depends
on latitude are shown in figure 2.

3. Radius of maximum wind (R). This is the radial distance from the

hurricane center to the location of highest winds which usually occurs

just outward the hurricane eye-wall cloud.
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4. Forward speed (T). This is the rate of translation of the

hurricane center from one geographical point to another.

Iv.

Revisions to NHRP Report No. 33

'A. Added storm data

Table A lists hurricanes with central pressures of less than 29.00 inches

witﬁin each coastal zone.for the 72-year period of recorda(l900-l971). Therel
are 32 more storms than shown;fof a similgr list in NHR? ﬁ?. 33.

Taﬁle B lists all tropical stormé which reachedAhurricane intensity
at some time and moved through ome or more of the zones during the 72<year
period of record (1900-19715. Therg is an increase of 50 in the number of
storms over those in NHRP No. 33.

B. Central Pressure Index (CPI) frequency analyses

New frequency analyses,'figurés 3-9, were made for each zone using
central pressures (po) from table A. Changes in zone B were dictated pri-
marily by Hurricane,Camille.(19§9).

C. Coastal profile of CPI v

The variation of CPI along the coast was~obta1n§d by fitting smooth

curves to the frequency analyses of the CPI values plotted at the coastal
- center of each zone. Analysis of the discrete 100-year return~period CPI
values rasulted in smooth profiles aiong the Atlantic toast, figure 10,

and Gulf coast, figure 11, and grﬂvides the necessary continuity and con-

sistency between the Atlantic and Gulf coasts.



D. Nomogram for wind field profiles -

The generalized SPH wind field is paracentric. However, since it is
symmetrical, a radial wind profile taken along the line of maximum wind
(line M) may be used to reconstéuct the entire wind field. This is done
by rotating the profile about the storm center, adjusting thé windspeed
according to a simple cosine function.

A wind préfile nomogram, figure 12, was developed from hurricane wind
patterns observed along the Atlantic and Gulf coasts through 1971. From the
nomogram the radial wind profile for a given radius of maximum wind is defined
by relative wind values read from‘isoLines of radial distance (r in n. mi.) from
the storm center. The relative wind (V/Vx) is the ratio‘of the wind (V) at a
radial distance (r) to the maximum wind (Vx) along that radius. Periles
are defined for all radii of maximum wind from 4 to 50 n. mi. This covers

the SPH range from small (RS) to large (RL) radius.

Relative wind (V/V#) profiles of some storms exceed those of‘the nomogram
(see'fig. 1). The pércent of storms undercut is uncertain, but it .is probably
in the range of 10-15 percent. For instance in the period 1957 through 1971,
4 or 5 out éf 32 hurricanes in the Gulf and Atlantic coastal- areas had some
portion of thei; relative wind profile undercut. The storms that were
- partially undercut are: Carla (1961); Donna (1960); Ione (1955); Hazel
(1954); Gracie (1959); and Camille (1969). This, however, does not mean that
the actual SPH winds undercut all of these storms since the maximum wind (Vx)

must also be considered.



Profiles from the nomogram, figure 12, provide higher windspeeds
relative to the maximum wind (Vx) than did NHRP No. 33 over the entire wiqd
field in all zones. This is shown in figure 13, for zone C where the avezage
increase along the profile is about 10 percent. The figure also shows profile;
used in two earlier SPH wind field revisioms [2, 5]. The increase over NHRP
No. 33 for_other zones ranges to about 20 percent for mean (RM) and large
(RL) radii of maximum winds.

E. Maximum gradient windspeed (Vgx)

The maximum gradient windspeed equation

Ve = K Vpn - p, -R (0.575%) @

from [4], provides a means for computing the maximum windspeed in a

SPH whose other parameters are known. Vgx iz in mph when Pn and pD are in
inches, R 1s in n. mi. and f ig in hr-l. The coefficient (g¥ varies with
latitude [3] in the revised SPH criteria as opposed to a constant value of
73.0 used in NHRP No. 33. The peripheral pressure (pn) also varies with
-latitude. Figure 14 shows a plot of p, Vversus latitude in storms and the
adopted curve.

The central préssure (po), the radius of maximum wind (R), and storm
speed (T) are éiven in table 1. The values of Vgx'for mean (RM) and large
(RL) radius of maximum wind were computed amd also appear in table 1, after
conversion to knoté.

F. Maximum windspeed (Vx)
The maximum ﬁindspeed,'in kﬁots, adjusted to 30 feet above the water

sutfacé is defined by the equation:
V. =0.,85V _+ 0.5T (2)
X gx :

7



where the gradient windspeed, vgx’ fr;m equation (1) is in knots and
the forward speed, T, is in knots. Vx was evaluated at 48 discrete
geographical_locat;ons on the Atlantic and Gulf coasts using the two
values of Vgx (for RM and RL) for slow (ST), moderate. (MI), and fast
(HT) forward speeds. These values are listed in table 1. The same
overwater friction coefficient, 0.865, for reducing the gradient wind
to 30 feet above the surface, was used in all zones.
G. Wind fields

Construction of isovel patterns involves rotation of the radial pro-
file of windspeed about the hurricane center. If this is done by hand
computation techniques, it is necessary to first sketch the wind profile
along the radius of maximum wind, using figure 12. Under normal cir-
cumstances this radius, or line of maximum winds, extends to the right

of the direction of motion vector of the storm, making an angle of 115°

'’ at any point

x, a distance r from the center of the SPH, and that does not lie on line

with the direction vector. To get the windspeed, V

M, the expression

T .
pr Vx - 5-(l-cose) 3)

is used. :Vx is the windspeed along the .profile on M at a distance r
from the center and 6 is the angle between line M and radius vector
through x.

Although an angle of 115° between line M and the direction of storm
motion is preferred, this angle may be any value from 15° to 165°., This

agrees with the limits of rotation given in NHRP No. 33.
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The wind direction is defined as the angle of incurvature over the
wind field. The angle of incurvature is the angle between the wind
direction and a tangent to a circle cente:ed over the storm, and is
considered to be positive when the\wind has a}component directed toward
the storm center. The angle of incurvature criteria, the same as that

shown in NHRP No. 33, is as follows.

Radius '~ Angle of incurvature

1. Center out to region of . 0°-10°
maximum winds (R)
2. Rout to 1.2 R ‘ 10°-25°

3. 1.2 R and outward . 25°

Radial wind profiles for each zone from this study are compared with
those in NHRP No. 33, in figures 15 through 21. The profile for zone C,
figure 21, was used to construct a sample'wind field, figure 22. This

is for mile 360 with a moderate forward speed and mean radius.

H. Radius of maximum winds (R) and forward speed - (T)

Some of the values of the CPI (po)'wefe revised, and since R is some-
what dependent on P, (see figure 7 and 17, NHRP No. 33) the values of the
three categories of R (small, mean, and large) were accordingly revised.
The new values in table 1 are only slightly different from those in table 1
of NHRP No. 33.

The values of the three categories 6f the forward speed (slow, moderate,
and fast), read from figures 9 and 20; NHRP No. 33, resulted in slight

differences from those originally published in table 1.



I. Frictional adjustment for windspeeds over land

In NHRP No. 33, a constant factér of 0.70 was used for reducing
over-water winds to over-land. For the present revision,we recommend a
variation in this reduction factor with the windspeed. The basis'for
this is shown in figure 30 of HMR #32 [4]. For windspeeds less than
10 knots, use 0.40, for speeds greater than 73 knots use 0,78. In-
terpolate linearly fo; intermediate speeds. These reduction factors
for any ovgr—water speed represent lower limiting values for the over-
land windspeed at a point which is at least 10 miles inland along a
ttajectory starting at the coast. In other words, the reduction
should be accomplished in about 10 miles over land. The speed-up when
the trajectory leaves land to go back over water also occurs in about
10 miles.

V. Other SPH criteria, not revised

Other criteria for the SPH, such as adjustment for filling over land,
and adjustment of windspeeds near shore, have not undergone revision.

VI. Isovel wind field construction

The procedure for constructing a revised SPH wind field is illustrated
by the following example for a location along the Atlantic coast at 25.5°N.
' latitude. This example uses a mean radius of maximum wind (RM) and a moderate
forward speed (MT).

1. From table 1, mean radius of maximum wind, (RM),for the location
is 8 n. mi., maximum windspeed (Vx) is 109 knots, and moderate forward speed

(MT) is 10 knots.

10



2. Using figure 12, read off relative windspeeds (V/Vx) at various
distances from the center for RM of 8 n. mi. For this example, the

following table gives the V/Vx and the actual wind, V, at the given distances.

Distance from V/Vx ' V (kts)
center (n. mi.)

8 1.000 109

9 .995 108
12 .970 106
16 ..916 100
20 .823 90
30  .698 76
40 619 67
50 L L559 | 61
60 .506 | 55
80 431 a1
100 .368 40
120 317 . 35
150 244 27
200 T .158 | 17

3. TFor the values of V inside RM, read off relative distances from
the canter and relative windspeeds from figure 23. Construct table, as in

step 2.

11



Relative distance Relative V= V/Vx x 109 r=r/Rx8

from center (r/R) speed (V/Vx) "(knots) (n. mi.)
.2 .025 3 1.6
.4 117 13 3.2
.5 .22? 25 4.0
.6 .450 49 4.8
.7 .735 80 5.6
.75 .835 91 6.0
.8 .900 98 6.4
.9 .970 106 7.2

4, Plot the values of steps 2 and 3, (V versus distance.from center,
r,) on graph paper, as in figures 241, upper right, and upper left. This
'give§ the windspeed values for any point along the line of maximum winds.

5. On a large sheet (2'x2'), lay off a line (M), scaled with distance
from a point designated as the center of the SPH. On this line, plot winds
computed in steps 2 and 3 or interpolated from step 4+{(See figure 24.)

6. To compute the windspeed pr, at any point x in the SPH wind field

that does not lie on line M, use the following equation:

pr = V=T/2 (1-cosf),

where V is the windspeed along line M at the distance r from the center.
To show, in general, how the equation is used consider the point, x,

50 n. mi. from the storm center making an angle & of 60° with line M.

1The plot, figure 24, should be on a reasonably large graph paper in order
to obtain deatils on winds within RM. We suggest a sheet about 2'2',

12



b.

On figure 24 read V, adong line M, of 61 knots at a distance of
50 n. mi. from the center.

Substituting in the equation gives

10
pr 61 : 2 (1-05) 5805 knots

To determine a particular isovel, say for 40 knots, the following

. is suggested.

-

b.

Ce

Mark the 40-knot point on line M, using figﬁré 24, upper riéht,

to get distance froﬁ'the center.

Using the nomogram, figure 25, sketch in selected radial lines

that indicate factors applied to forward speed (T).to find the
40~knot value at other points. These are tick marks .1, .2, etc.,

on figure 24, lower poigion. Note that the 1.0 mark is diametrically
bﬁpogite to line M, |

To get the distance of the 40-knot value from the center along the
radial tick mark 0.4, multiply 10 (the value of T) by 0.4 tovget

4. Add 4 to 40 to get 44.° | |

From upper right profile of figure 24, find the distance from Center
(along M), of the 44 knots and plot along line marked 0.4.- This
gives the location of the 40~knot wind on radial 0.4. Make similar
computations for other radials to provide a smooth isovel around full
circle of the pattern. Since the wind field is symmetrical about
line M, half the pattern may be folded over to obtain the complete

wind field.
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e. For determining other isovels outside of R, follow the same

procedure. |

f. For isovels inside of R, use the same procedure, utilizing

the wind profile in the upper left corner of figure 24,

A little experimenting will make the following evident. All isovels
that have values lﬁrger than the differences between the maximum wind and the
forward speed of the storm will be crescent or kidney-shaped. For the
particular example abéve, where V; = 109 and T = 10, all isovels with values
between 99 and 109 are crescent-shaped. See example of the 100-knot isovel

in figure 24. All other isovels are more or less circular.

Alternate to detailed approach. Without sacrificing much accuracy, all nearly

circular isovels may be drawn as true circles, provided the forward speed, T,
is relatively low, say, 12 knots or less. To do this for the 40-knot isovel
as an example, perform step 7a above. To find the 40-knot point on the ex-
tens;on of M on the opposite side of the center use figure 24 again and find
the distance from center to the 50 knot (40 + T = 50) value. Find the mid-
point, on‘line M of the two points above, and using this as a center, draw
a circle through the two points. This is the 40-knot isovel. Other isovels

are determined in a similar manner.
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Fig. 3.-- CUMULATIVE FREQUENCIES OF HURKICANE CENTRAL PRESSURES(1900-1971)ZONE 1
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Fig. 4.--CUMULATIVE FREQUENCIES OF HURRICANE CENTRAL PRESSURES(1900-1971) ZONE 2
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Fig. 5.-- CUMULATIVE FREQUENCIES OF HURRICANE CENTRAL PRESSURES(1900-1971)ZONE 3
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Fig. 22.--EXAMPLE OF REVISED SPH WIND FIELD, ZONE C

Mean radius of maximum wind and moderate storm speed.
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