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THE NATIONAL HURRICANE CENTER RISK ANALYSIS PROGRAM (HURISK)

Charles J. Neumann
Science Applications International Corporationl

ABSTRACT

The National Hurricane Center has developed a computerized
model for assessing the long-term vulnerability of coastal
areas to tropical cyclone events. Program output, essentially
graphical, is in the form of 18 charts and diagrams. These
charts depict tropical cyclone tracks, motion, intensity and
wind return periods for any coastal or near-coastal site over
the Atlantic tropical cyclone basin. For input, the program
accesses current NHC files of historical tropical cyclone data.
Program output can therefore be updated as the need arises.

This publication is intended primarily as a user's manual, des-
cribing the utility of the various charts. However, minor
technical discussion, as warranted by individual chart complex-
ity, is also given. A major technical discussion, contained in
an Appendix, describes derivation of tropical cyclone return
periods using a Monte-Carlo simulation procedure.

1.0 INTRODUCTION AND PURPOSE

The primary responsibility of the National Hurricane Center (NHC) is
detection, tracking and forecasting of tropical cyclones. As an adjunct
duty, the NHC assumes the role of a tropical cyclone information center
and its expertise is routinely sought on matters pertaining to these
storms. Requests for information come from many sources and cover a
variety of topics. Frequently, these relate to tropical cyclone clima-
tology and range from simple factual inquiries on some historical event
to more in-depth issues on, for example, tropical cyclone risk analysis.

In addition to these external information requests, the NHC requires
rapid access to tropical cyclone information in connection with many of
its internal functions. The latter would include routine day-to-day
forecasting operations and the Center's extensive commitment to the
storm-surge program (Jarvinen and Damiano, 1985). Accordingly, the NHC
maintains rather extensive computer and non-computer files relating to
historical tropical cyclone events and associated environmental para-
meters.

Computer programs to facilitate access to these data have been evolving
at the NHC for many years. One of the early motivations for rapid com-
puter access to and processing of tropical cyclone data was in connec-
tion with the NASA Space Program in the late 1960's (Hope and Neumann,
1968, Neumann, 1969). Early attempts to profitably use these data in
operational tropical cyclone prediction led to the development of the
NHC analog forecast model, HURRAN (HURRicane ANalogs), described by Hope
and Neumann, (1970) and the CLIPER (CLImatology and PERsistence) fore-

1 Prepared for the National Hurricane Center, Coral Gables, FL 33146:
Contract No. 50-DGNC-6-00209



cast model, described by Neumann (1972). These programs, which predict
tropical cyclone motion based on past events, are dependent on the NHC
maintaining an adequate computer file of historical storm information.
The current computer algorithm for processing the data base has evolved
to the point where it satisfactorily addresses most user requests as
well as NHC internal needs for tropical cyclone related climatic data.
Although the program will be continually updated as the need arises, it
has become reasonably stable such that a user manual is feasible and,
indeed, highly desirable. This document satisfies this need. An ear-
lier, but very abbreviated, description of the program output was given
by Neumann (1985).

2.0 SCOPE

The report is intended as a user's rather than a programmer's guide and,
as such, will avoid topics related to the latter unless they promote
better user understanding of program output. Programming issues are
treated separately in NHC internal documents. The computer source code,
written originally in the FORTRAN IV language but with recent FORTRAN 77
extensions, is quite large, consisting of 81 sub-programs exclusive of
plotting routines. In the interest of keeping the document within some
reasonable page size, it would have been impractical to include an
appendix of program code as is sometimes done in manuals of this type.
Program output is essentially graphical and, although supplementary
printout is generated, this is typically not needed by users. The pro-
gram, referred to hereinafter as HURISK (HUrricane RISK), was specific-
ally designed to be graphically self-sufficient.

The intent of the report is threefold: (a) to provide users with rather
basic descriptions of the various charts and graphs produced by HURISK,
(b) to cite some chart applications and, (c) to provide details on some
of the technical issues involved. Minor technical issues are discussed
in the body of the text with the major technical issue -- a description
of the storm simulation procedure -- being reserved for the Appendix. A
list of references provide additional documentation to some of the more
complex technical issues. The style of presentation assumes that the
user has at least some basic understanding of tropical cyclones. Also,
a background in probability theory is desirable for proper understanding
of some of the technical issues although every attempt has been made to
simplify these as much as possible.

The program is typically initiated at the NHC through a remote computer
terminal linked to the NOAA NAS 9000 series mainframe computer system in
Suitland, MD. However, the source code was written with eventual intent
of activating the program on less powerful, even personal computer sys-
tems. This latter goal did lead to some trade-offs in program structure
and output.

Similarly, graphical output is currently obtained through the NOAA FR80
graphics facility in Suitland, MD. However, as with the source code,
the graphiecs output code was designed for eventual local production at
NHC on less sophisticated plotting systems. Indeed, all graphics
included herein were produced on a small, desk-top, x-y plotter avail-
able to the author, rather than on the FR80 system.
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3.0 THE DATA BASE

Important to an understanding of the program output, is an understanding
of the tropical cyclone data base which provide program input. Indeed,

technical design of the program, particularly the risk analysis portion,
was strongly influenced by the available data. In general, the complex-

ity of the precgram was kept commensurate with the quality of the data
base.

COMPUTER DATA FILES

The computer data base begins with the year 1886. It is updated
annually and, when corrections are brought to the attention of the NHC,
modifications to the file are made. The file contains, among other
entries, storm positions, maximum sustained winds and central pressures2
at 6-hourly intervals. Over the 102-year period, 1886 through 1987, a
total of 852 Atlantic tropical cyclones are documented. A complete des-
cription of the data set is given by Jarvinen, et al. (1984). Addi-
tional characteristics and limitations of the data are discussed by
Neumann et al. (1987)3. Although records on tropical cyclones do exist
prior to the year 1886, these are too fragmented and uncertain to be
included in the computer file. The NHC also maintains similar files for
other tropical cyclone basins for which it has operational or research
responsibility and the computer algorithm described herein has been
activated on these other basins, as well.

DATA QUALITY

In general, the reliability of the data gradually improves from the
beginning of the data-set in 1886 to the present. Tropical cyclones
typically occur over remote marine areas and the opportunity to directly
measure such parameters as surface wind and pressure seldom exists; much
must be inferred from indirect evidence. This is particularly true in
the pre-satellite era (prior to mid-1960's) and even more true in the
pre-aircraft reconnaissance era (prior to mid-1940's). Users of these
data should be aware of data imperfections, uncertainties and limita-
tions and should consult the two references cited in the preceeding par-
agraph for additional guidance.

4.0 FREQUENTLY USED TERMINOLOGY

4.1 SCAN-CIRCLES

Tropical cyclones are a relatively rare event. As noted earlier, a
total of 852 tropical cyclones of various intensities have been docu-
mented over the Atlantic basin over the 102-year period, 1886-1987.
This is approx:imately 8 or 9 storms per year, on the average. Since
these storms can occur anywhere over the basin, the chance of a given

2 pressure data are extremely fragmented for the early years.

3 it is highly recommended that HURISK users have access to this
document for background on Atlantic tropical cyclones.
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site experiencing a direct hit in a given year is very small. For this
reason, any analysis of tropical cyclones for a given site must also
consider storms which pass at some distance from the site. This dis-
tance should be large enough to ensure an adequate sample of storms, yet
small enough to preserve the climatological integrity of the site under
consideration. Experience has shown that a distance of 75 nautical
miles (139 kilometers) is a reasonable compromise. In practice, a cir-
cle of that radius (referred to subsequently as a scan-circle or scan-
radius) is positioned on the site and all storms passing through this
scan-circle are included in the analysis. Over the Atlantic basin, this
distance typically encompasses between 40 and 80 storms per 100 years
and this is sufficient for all program options. A radius of 150 n.mi.
(278 km.) is used in the return-period computations (see Appendix).

4.2 CLOSEST-POINT-OF-APPROACH (CPA)

Along with the use of the term, "scan-circle", as described above, refer-
ence will frequently be made to "CPA". This is the minimum distance
from the storm center to the site based on hourly storm positions.

These were interpolated from 6-hourly storm positions contained on the
computer history file using methodology suggested by Akima (1970).

5.0 BRIEF DESCRIPION OF PROGRAM OUTPUT
With all options activated, HURISK produces a total of 18 charts and
graphs, describing various aspects of tropical cyclone climatology and

behavior for any number of sites. For each site, these charts are:

Chart 01: A list of tropical cyclones which have passed within a
specified distance from the site over some specified period of record.

* Chart 02: A Mercator map showing the tracks of the above storms.
* Chart 03: Same as Chart 02 except for hurricanes only

* Chart 04: A chronological depiction of storm occurrence for the site
over the period of record.

Chart 05: A depiction of intra-seasonal variations in storm fre-
quency.

* Chart 06: A depiction of storm heading distribution as storms pass
near the site.

Chart 07: Chart showing the number of tropical cyclones passing with-
in lessor scan-radii from the site with fitted mathematical function.

e Chart 08: Histogram of observed maximum winds for all storms affect-
ing the site together with fitted Weibull distribution.

Chart 09: Return periods of various intensity tropical cyclones at
site and within various distances from site.
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* Chart 10: Chart depicting probability of multiple tropical storm and
hurricane events over various consecutive-year intervals.

* Chart 11: Same as Chart 10 except for hurricanes only

* Chart 12: Gamma distribution of tropical cyclone translational speeds
in vicinity of site.

¢ Chart 13: Same as Chart 12 except for hurricanes only.

* Chart 14: Geographical distribution of storm frequency in vicinity of
site.

* Chart 15: Same as Chart 14 except for hurricanes only.

* Chart 16: Geographical variation of tropical cyclone motion charac-
teristics in vicinity of site.

¢ Chart 17: Same as Chart 16 except for hurricanes only.

e Chart 18: Overlay to enhance appearance of charts when using overhead
projector for display.

6.0 DESCRIPTION OF INDIVIDUAL CHARTS

In this section, each of the charts introduced above will be described.
The site example used here is San Juan, Puerto Rico (Latitude/Longitude
= 18.4N/66.0W)“. This Caribbean site, along with Miami, Florida and a
few other locations have rather lengthy and reliable tropical cyclone
records. These were extensively used in program development to verify
some of the climatological projections made by the HURISK program.

Reference will occasionally be made to supplementary program output.
This output can also be made available to users in the form of standard
computer print-out. However, except in special circumstances, this sup-

plementary output is not required for full understanding of the graphi-
cal output.

The actual size and arrangements of most of the charts are a function of
the data. Also, some of the charts are designed to adjust their dimen-
sions depending on the period of record and thus will change slightly
from one year to the next. If a severe hurricane strikes a particular
area, the user may wish to rerun the series to note the effect, if any,
on the climatological expectancies for the site.

6.1 CHART 1

Chart 1 (Fig. 1) gives a list of tropical cyclones which had winds of at
least tropical storm strength (2 34 knots) while passing within 75 n.mi.
of San Juan over the 102-year period, 1886 through 1987. 1In practice,

4 In HURISK, latitudes and longitudes are specified in degrees and
tenths of degrees.
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this distance can be varied but, as discussed earlier, a 75 n.mi. radius
scan-circle is preferred and indeed, required, if a risk analysis is to
performed. It can be noted that a total of 43 storms, of various inten-
sity, have passed through this circular area over the period of record.
Actually, the site location is adjusted slightly to account for asymme-
tries in the wind rotating about the storm center. This adjustment is
discussed in Section 6.2.2. Chart 1 is subdivided into 10 columns.

6.1.1 Colummns 1 and 2

Column 1 gives a chronologically assigned index number which is used
internally by the program. Column 2 gives the storm name. These names
are the official storm names used by the National Hurricane Center. The
practice of formally naming storms began in the year 1950 and the term
"not named" is used prior to that date; however, unnamed storms are
occasionally encountered after 1950. Additional background on naming of
tropical cyclones is given by Neumann et al. (1987).

6.1.2 Columns 3 through 6

Columns 3, 4, 5 and 6 specifically identify the storm as to its date-
time of passage closest to the site and is in agreement with storm docu-
mentation in the above cited reference. Supplementary non-graphical
program output further specifies the time of day when the storm was
closest to the site,

6.1.3 Column 7

Column 7 refers to the maximum wind near the storm center. Maximum
winds referred to in the HURISK program are technically defined as the
maximum near-surface wind averaged over a time duration of 60-seconds.
However, the cpportunity or the ability to measure winds with the accur-
acy implied by this definition, seldom exists. Also, shorter duration
gusts (and lulls) in the wind are apt to be considerably higher (or
lower) than the 60-second sustained wind. This topic and the methodol-
ogy to estimate shorter period gusts is discussed by Simiu and Scanlan
(1978).

The wind data given in column 7 refer to the time of storm passage
closest to the site -- referred to as closest point of approach or CPA
in columns 8, 9 and 10. These are the winds which are later used by the
program (along with other parameters) to compute wind return periods at
the site itself.

While winds at CPA are used for the computation of return periods, winds
elsewhere in the scan-circle are used for other purposes in the program.
Charts 3, 11, and 13, for example, refer to storms which were of hurri-
cane strength at some point within the scan circle, not necessarily at
CPA. To avoid what might appear to be a program inconsistency, such
situations are flagged with an asterisk (*) adjacent to the wind in col-
umn 7. In this example, it can be noted that storm number 29 is so
flagged. This storm was classified as a tropical storm at the closest-
point-of-approach to San Juan but became a hurricane to the northwest of
the city, just prior to exiting the scan-circle.
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Two wind parameters have been discussed in the preceeding two para-
graphs; (1) maximum intensity inside the scan-circle and (2) storm
intensity at CPA. An additional wind parameter could be the average
wind while the storm was within the scan-circle. Although not further

used in program computations, these average winds are given in supple-
mental program output.

6.1.4 Column 8, 9 and 10

Column 8 gives, in units of nautical miles, the closest point of approach
(CPA) of the storm to the site (actually, to an adjusted site -- see Sec-
tion 6.2.2) while columns 9 and 10, respectively, give storm translational
speed in units of nautical miles per hour (knots) and storm heading?.
Tropical cyclone headings are traditionally specified as the direction
towards which the storm is moving. These speeds and directions are com-
puted by averaging over the available storm positions immediately before
and after CPA. The master data file gives storm positions every 6 hours
and these are interpolated to hourly positions for use in the program.
Additional tabular data relating to storms passing through the scan cir-
cle are given in supplementary program output.

6.2 CHART 2
6.2.1 Chart Description

Chart 2 (Fig. 2) shows the tracks of the 43 tropical cyclones identified
in Chart 1; that is, those storms which passed through the plotted cir-
cular area over the 102-year period, 1886-1987. These include both hur-
ricanes (winds 2 64 knots) and the weaker tropical storms (34 £ winds

< 64 knots). The area covered by this chart is assigned by the user.

In this connection, it is well to include an area large enough so as to
provide sufficient visual up- and down-stream information about the
storm tracks.

Beneath the chart appears the comment, "site location moved to 18.2N,
66.1W". This position, rounded off to the nearest tenth of a degree is
about 15 n.mi. south-southwest of the actual position of 18.4N, 66.0W,
as initially specified by the user. This new position is referred to as
an "adjusted" site location. All subsequent program computations are
reference the adjusted site.

6.2.2 Technical Discussion (Wind Asymmetries)

The purpose of the adjustment is to account for average storm asymme-
tries in the wind circulation. In the northern hemisphere, winds are
typically higher on the right side of a storm (looking toward the direc-
tion of motion) than on the left. This is due to interactions between
the rotational effects of the winds and the forward motion of the entire
storm envelope. Thus, for the San Juan case, where storms are moving
predominantly from the east-southeast towards the west-northwest, a

5 On some plot renditions of HURISK, columns 9 and 10 are
combined into a single column 9.

8
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storm passing a given distance to the north-northeast of the site will
be expected to produce less wind at the site than a storm which passes
at the same distance to the south-southwest. Additional technical dis-

cussion on this subject, along with illustrations, is provided by
Schwerdt et al. (1979).

To compensate for wind asymmetries, the site is moved in a direction 90
degrees to the left of the average storm vector heading which, for this
site, is towards 291 degrees (see chart 6). Thus, the new site is loca-
ted towards (291 - 90) = 201 degrees from the present site. The dis-
tance along this heading (D) is computed from,

D = W,/Wg x RMW (1)

where W, is the mean vector translational speed of the 43 storms
which have effected the site, Wg is the average (scalar) speed of

the storms and RMW is the average radius of maximum winds for the
storms. From Chart 6, W, = 12.4 knots, W = 13.2 knots, RMW

(from Chart 7) = 16 n.mi. and D computes to approximately 15 n.mi.
Thus, the site is moved 15 n.mi. south-southwest (towards 201 degrees)
from the initial site location and the 43 storms shown on Chart 2 are
reference the adjusted site. A program option for bypassing this
procedure is available.

The quantity W,/Wg, contained in Eq. (1) is sometimes referred to as
"wind constancy" or 'wind steadiness" and is further discussed by

by Crutcher and Quayle (1974). Possible values range from zero (when
storms move through an area from virtually all directions) to 1.0 (when
storms always move from exactly the same direction).

CHART 3

Chart 3 (Fig. 3) is similar to Chart 2 except that storms which

failed to exhibit hurricane strength, while passing through the scan
circle, are omitted. These 17 storms contained surface winds of at
least 64 knots at some point within the scan circle, not necessarily at
the site. Site winds are discussed in connection with Chart 9.

CHART 4
6.4.1 Chart Description

Chart 4 (Fig. 4) presents a chronology of tropical cyclones passing
within the scan-circle over the period of record. Each such event is
depicted as a vertical bar at the appropriate year with solid bars
referring to hurricanes and open bars referring to tropical storms. For
example, a hurricane event occurred in the year 1887; there were no
events in the three following years while one hurricane and one tropical
storm event each occurred in the year 1891.

The upper left and right insets, respectively, give additional summary
information for hurricanes and for hurricanes and tropical storms com-
bined. The mean number of occurrences per year is simply the total num-
ber of storms over the period of record divided by the total number of
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years. The '"mean-recurrence-interval" (MRI) is the reciprocal of this
quantity. It can be noted here that the total number of hurricanes is
specified as 16, one less than that given in the previous chart. As
discussed earlier, this difference results from storm number 29 (see

Fig. 1) being at or above hurricane force within the scan-circle but not
meeting this condition at CPA.

6.4.2 Technical Discussion

6.4.2.1 A statistical pitfall - This example for San Juan illustrates
one of the pitfalls of statistical analysis. If the 102-year period of
record is sub-divided into two 51-year periods, 1886-1936 and 1937-1987,
it can be noted that 15 of the 16 hurricane events occurred in the first
half of the period. Thus, if information through 1936 had been used to
estimate the tropical cyclone climate over the second Sl-year period, a

very large discrepancy would have been noted between forecast and
observed conditions.

6.4.2.2 Applicability of Poisson distribution - It can be shown that the
observed discrete frequency of tropical cyclone events, as shown in

Chart 4, can be described by the Poisson distribution (Xue and Neumann,
1984). This distribution is mathematically defined as,

P(x) = e ®mX/x! (2)

vhere P(x) is the probability (0 < P < 1) of exactly x events over some
interval, m is the mean number of event occurrences over the interval, e
is the base of natural logarithms and the symbol (1) designates x-fac-
torial. 1In reference to Chart 4 (Fig. 4), the question might arise as
to the probability of two events (where an event is defined as a tropi-
cal storm or hurricane within 75 n.mi. of the site) in a single year.
The mean of the event has already been defined in Fig: 4 as 0.422 occur-

rences per year. From Eq. (2), the probability of this event occurring
exactly twice in a single year is given by,

P(2) = e 422 3 4222721 = 0.058;

or, 5.82. It can be noted that the event occurred in 5 of the 102 years
(1891, 1898, 1900, 1908 and 1931) giving on observed frequency of 5/102
or 0.049. This is quite close to the value of 0.058, predicted by Eq. (2).

Consider a seccnd example. It can be noted in Fig. 4, that there were
70 of the 102 possible years when the event did not occur giving an
observed frequency of 70/102 or 0.686. From Eq. (2), the probability

of this event is computed to be 0.656. Again, this computed value is in
good agreement with the observed value.

There are sound statistical reasons for using the probabilities pre-
dicted by Eq. (2) rather than the relative frequencies with one of the
main motivations being that inferences about an event can be made out-
side the range of observations -- for example, the occurrence of X
events in a single year where the event is again defined as a tropical
storm or hurricane passing within 75 n.mi. from San Juan. In the con-
text of Eq. (2), this would be given by,
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P(24) = 1.00 - P(0) - P(1) - P(2) - P(3) = 0.00094 (0<P<1)

which is equivalent to a mean recurrence interval of about once every
1062 years [1/P(24)] for this event. It is important to realize here
that these estimates assume that the San Juan tropical cyclone climate
over the past 102 years will remain unchanged over the next n-years. It
also assumes that individual occurrences of events are independent.
While the latter assumption is reasonable, the former is not (see previ-
ous section, 6.4.2.1). Further discussion on this topic is beyond the
scope of the manual and the reader is referred to standard statistical
texts such as Hahn and Shapiro (1967). Further application of the Pois-

son distribution function to tropical cyclone climatology is discussed
in connection with Charts 10 and 11.

CHART 5

Chart 5 (Fig. 5) gives information relative to seasonal variation in storm
occurrence. Along the horizontal axis, the chart is subdivided into 52
seven-day periods but with the last period, Dec. 24 - Dec 31, containing

8 days. The dates on the Chart refer to the time that the storm was
closest to the site. The median occurrence date (507 of the cases fall
below this value and 507%, above) is also specified. These dates corre-
spond to dates given in Chart 1.

CHART 6

The distribution of directions towards which the ensemble of storms were
moving at the time of their closest approach to the site is given in
Chart 6 (Fig. 6). The horizontal axis is subdivided into 10-degree
class intervals while the frequency of occurrence, given in percent of
cases, is given along the vertical axis. Solid bars are for hurricanes
and open bars are for tropical storms. Directions from which the storms
were moving (according to a 16-point compass) are also indicated. Addi-
tional summary information relative to translational directions and
speeds, is included along the top of the chart. The resultant (vector)
speeds are always less than or equal to the mean (scalar) speeds. These
two quantities are equal only when all storms move from exactly the same
direction. The vertical arrow below the ESE (east-southeast) marker
refers to the resultant storm direction (towards 291 degrees).

The ratio of the resultant speed divided by the mean speed is sometimes
referred to as a "wind-constancy" or '"wind-steadiness" value (see Sec-
tion 6.2.2). In this example, the wind-constancy for the all storm cate-
gory is 12.4/13.2 = 0.94. This is a rather high value, indicating that
storms in this area do not deviate very much from west-northwesterly
headings. In general, relatively high values of constancy are found at
low latitudes, where the storms are most likely to be embedded in a
basic easterly (from the east) "steering'" current and also at high lati-
tudes where storms are typically embedded in a basic westerly (from the
west) current. At intermediate latitudes (25 to 35 North), average con-
stancy values are almost always below 907 and, in some areas, they aver-
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rage below 757 (Hope and Neumann, 1971). In these latitudes, environ-

mental storm steering forces are apt to fluctuate between easterly and
westerly.

6.7 CHART 7

Up to this point, charts have referred to storms passing within a 75 n.mi.
radius of a site. The next 2 charts, that is, Charts 7 and 8, are pre-
requisites for the computation of return periods of winds at the site
itself which is addressed by Chart 9. Computation of tropical cyclone
return periods is quite complex and no attempt will be made in section 6
to describe the procedure. Although some technical material will need

to be introduced, the focus, at this point, will be on proper use of the
charts, rather than technical understanding. For those interested in
following through with the procedure, a theoretical discussion of the
return period procedures is given as an Appendix.

6.7.1 Chart Description

Chart 7 (Fig. 7) provides one of the important links between winds near
the center of a tropical cyclone and winds at the site itself. Up to
this point, reference has been made to the number of storms passing
within a scan-circle of 75 n.mi. radius. Obviously, scan-circles of
lesser radii would encompass fewer storms. The radius of the scan-cir-
cle is represented by the horizontal (x) axis while the number of storms
passing within this distance is represented by the vertical (y) axis.
It has already been pointed out that 43 storms have passed within a
scan-circle radius of 75 n.mi. from the site and this amount is repre-
sented by the upper-right most data-point on the chart. In column 8 of
Chart 1, the closest point-of-approach of each storm to the site was
given. These points, summed cumulatively, are also plotted on Chart 7.
Thus, for example, there are 24 storms which have passed within 40
n.mi., 19 within 30 n.mi., etc.

6.7.2 Technical Discussion

6.7.2.1 Line of best fit - The shape of this cumulative distribution

is a function of the storm climatology for the area. At some sites, the
increase of storm count with increased area is approximately linear (as
it is here) while at others, it is non-linear, but always monotonic.
Attempts at fitting several mathematical functions to these data led to
a selection of a simple second-order polynomial function as a satisfac-
tory line of best fit. The function, and not the data, is subsequently
used in representing the relationship between scan-circle radii and num-
ber of storms for the given site. Here, for example, the actual count
of storms passing within 75 n.mi. was 43 but the function indicates a
better value is 44 storms. The multiple correlation coefficient of the
fit is given in the lower right hand corner of the chart and is seen to
be 0.993 in this case. Over one hundred of these charts have been exam-
ined and the correlation coefficient always exceeded 0.975.

6.7.2.2 A mathematical problem - Occasionally, the polynomial fit is
poor near the origin and the function, on rare occasions, indicates a
negative number of storms passing within a finite distance from the

17



81

NUMBER OF STORMS (Y)

1

n
o

10

j}

|

: I|||
tllll]ll.l

{ = A+ BX+CK
A= 1,89