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PREFACE

This RAND Memorandum wes prepared for the National Aeronautics
and Space Administration and is an outgrowth of earlier RAND studies
concerned with the economic implications of meteorological satellites.
Weather Information and Economic Decisions: A Preliminary Report by
Richard R. Nelson and Sidney G. Winter, Jr. (RAND RM~2620-~NASA, August

1960) developed a general method of approach, bringing economic decision-

making theory to bear on the earlier work of meteorologists such as

J. C. Thompson, G. L. Brier, and I. Gringorten.

Like Nelson and Winter, the present suthor assumes that meteoro-
logical satellites (as well as other advences in observational tech-
niques) will lead to improved knowledge of weather processes, more
precise tracking of storms, and better storm warnings and forecasts
generally. What will this better "information" be worth? We cannot
answer this question directly, for we cannot foresee the exact nature
of the improvements in observation and forecasting, nor can we assess
the cost of these improvements with any degree of accuracy. However,
if we postulate certain improvements in storm warnings, we can, at
least in some cases, assess the economic gains deriveble from the better

information availlable to decision makers.

This is what the present Memorandum attempts to do in two case
studies. The first deals with the City of Miami, Florida, and the
second with the Florida Power and ILight Company. Both suffer losses
from the damage caused by tropical storms, and both would benefit from
improved storm warnings. Climatological data are used to specify var-
ious storm warning systems in the range between no warning and "perfect"
warning, and by this means improvements in warnings can be quantified
and the economic gains assessed in dollar terms. As would be expected,
it appears that there are economic gains derivable from more precise

tracking of remote off-shore tropical storms.
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Earlier investigations have dealt primarily with the value of
weather information to particular firms or particular industries; the
present study of the Florida Power and Light Company is of this kind,
as is RAND RM-2Th8-NASA, The Utility of Weather Forecasts to the
Raisin Industry by L. L. Kolb and R. R. Rapp (June 1961). Such
studies have the advantage that they avoid the aggregation problems

that arise when economic gains are assessed for a large number of
different kinds of decision makers, as, for example, the residents of
Miami. But while this advantage may lead to greater precision, it is
offset to some extent by the inability of such studies to throw nmuch
light on the general or over-all value of weather information. In
the first case studied here, therefore, we accept the problems of
aggregation and attempt to assess the aggregate gains to the City of

Miami derivable from improvements in tropical storm forecasts.
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SUMMARY

The purpose of this Memorandum is to indicate in quantitative
terms what economic gains might be expected from improvements in
tropical storm warnings, and particularly from improvements in lo-
cating and tracking tropical storms while they are still far at sea,
for lmprovements of this kind are expected to be one of the results

obtained by routine observations from meteorological satellites.

Two cases are studied: the City of Miami and the Florida Power
and Light Company. Section I provides the climatological background
and Appendixes A and B the financial data. Section II breaks new
ground in studies of this kind by attempting to aggregate the economic
gains from storm warnings derivable by the municipality and residents
of a city as a whole. For Miami the difference between no storm warn-
ing system and a perfect warning system is estimated to be at least
$3 million a year. An improvement in storm warnings will therefore

represent some fraction of that sum annually.

Section Il examines a number of possible warning systems cover-
ing- a range of accuracy. The purpose here is to assess how the gains
derivable from improvements in forecasting (that is, by advances to-
ward a perfect warning system) are spread out over successively better

but still imperfect systems.

Ideally we would measure the incremental gains against the present
level of forecasting accuracy, but there are both conceptual and sta-
tistical difficulties in this approach, for we do not have anything
like a "climatology" of actual forecasts. We therefore make use of
"objective" forecast systems, based on climatology and designed along
lines with which forecasters are becoming familiar. These systems are
both statistically manageable and realistic; although prepared specif-
ically for these studies, they might actually be used by forecasters
in preparing storm warnings for the Miami area. Inherent in the

design of these systems are the statistics of verification that enable
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us to relate specific improvements in information to specific economic
gains. The results are offered as indications rather than precise
figures, and the degree of precision shown in the calculations is re-
tained for the convenience of the reader who wishes to reproduce the

computations.

A major conclusion of this section of the study is that relatively
small improvements in weather information can lead to substantial per-
centage gains in economic terms. As shown in the text in Table 5, the
annual storm cost to Miami would vary as follows depending upon the -

nature of the storm warning system:

Warning System Storm Cost to Miami
None $7.5 million annually
System 1 6.2 " "
System 2 5.9 " "
System 3 5.1 " "
Perfect s n "

The incremental gain in woving from System 2 to System 3 is on the aver-
age $800,000 a year for Miami alone, and this is achieved by a rela-

tively small increase in weather information.

Quite apart from the particular warning system employed, it appears
from Section II that "failure to warn" (no warning is given of a storm
that strikes Miami) and "false warning" (warning is given but a storm
does not strike) have quite different economic consequences. Each
failure to warn costs Miami about $5.2 million more than if a correct
warning had been issued, whereas false warning costs Miami about $1.2
million. The ratio of these costs (about 4.3 to 1) can be used as a
trade-off ratio in judging which kind of error it will pay better to
reduce or eliminate 1f the costs of achieving the two improvements are

known.

Section IIT deals with a particular firm and throws some light on
the question of sequential decision-making and the proper timing of
protective measures. This case is interesting because the appropriate
protective measures are somewhat limited and the major economic gains

can be achieved with less finely-detailed information than for the
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City of Miami. However, it appears that the firm may not be realiz-
ing the gains available to it with present weather information, and
the analysis suggests a means by which it might gain, on the average,

perhaps $60,000 to $70,000 a year for its Miami operations alone.

Two general conclusions may be drawn from these two case studies.
First, improved tracking of tropical storms (by meteorological sat-
ellites or by other means) should yield information of substantial
economic value if it is used correctly by individuals and firms.
Second, it appears that the economic gains deriveble from existing
weather Information are not always realized; and this suggests the
possibility that better weather information and improved forecasts
might lead firms to capture not only additional economic gains, but

some of the>gains that are already realizable.
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I. STORM DATA AND WEATHER STATES

For the cases studied here, the tropical storms in the Miami
region during the period 1887-1958 were classified according to posi-
tion and direction of movement within certain time intervals. The
storms referred to form over the oceans, usually far to the south or
southeastbof Miami. Most occur during the months August, September,
and October, and they typically follow a curved path, first traveling
toward the west or northwest, then curving toward the north or north-
east. The storm paths are variable; early in the season storms
usually come from the Atlantic, but later with increasing freguency
from the Gulf. Although winds in the vortex may be very strong,
sometimes above 100 miles per hour, the rate of movement of the
storm center is relatively slow, usually under 15 miles per hour,
giving opportunity for warning and preparation if its approach is
known. It is usually the high winds that cause the damage, although
storm-produced waves along the coast can be seriously destructive, and
heavy rains may also be a factor. In these case studies we are con-
cerned mainly with wind damage, and we focus on storms with vortex

winds of about 40 miles per hour or more, including hurricanes.

The position of a storm at a given time was labeled according to
the four zones indicated in Figure 1. The inner zone is a circle of
60 miles radius centered on the city of Miami, Florida. We identify
this as zone m. A storm center in this zone 1s considered to have
hit Miami. The rniext zone is bounded by this inner circle and the

* The climatological data used here are for "tropical storms" (i.e.,
with windspeeds of about 35-64 knots) and "hurricanes" (i.e., with
windspeeds of about 65 knots or greater). We refer to these two types
of tropical cyclones collectively as tropical storms. The data were
obtained and interpreted with the assistance of Yale Katz,

Robert Rapp, and other colleagues in RAND's Planetary Sciences
Department. The basic source was North Atlantic Tropical Cyclones.
Tracks and Frequencies, 1886-1958. U. S. Weather Bureau, Department
of Commerce, Technical Paper No. 36, Washington, D. C.




Fig. |— Zone boundaries for tropical storm weather



curve u, and is identified as zone mu. The third zone, bounded by

curves u and v, is labeled zone uv. Finally, the outer zone, bounded
by curves v and w, is labeled zone vw. The mean distances from Miami
of curves u, v, and w are approximately 180 miles, 250 miles, and 500

miles, respectively.

These zones were established by back-tracking all tropical storms
striking zone m and recording their positions 24 hours and 48 hours
prior to striking. Curves u and v are the smoothed bounds containing
2h-hour prior positions, and curves v and w are the smoothed bounds

containing U48-hour prior positions.

In a period of 72 years, considering only the months of August,
September, and October (the "hurricane season" in Florida), there are
13,248 successive 12-hour intervals. For this period for each 12-hour
interval, all tropical storms in these zones, whether or not they
eventually hit zone m, were classified by zone and by prior path,
designated by angle x. Angle x is defined as the angle between (1)
the line joining the center of the storm and Miami and (2) the straight
line projection of the storm's motion from its prior l2-hour position
to its present position. If the storm has moved directly toward Miami
over the last 12 hours, x therefore equals zero. The observations of
x are divided into two groups [x| > 60° and [x] < 60°. For each
12-hour observation we have eight possible weather states defined in

Table 1.

Table 2 shows the frequency distribution of these eight weather
states over all 13,284 observation periods. The frequencies run from
about 0.3 per cent for Sm and Smux' to about 92 per cent for So' Thus,
during August, September, and October, if decision makers in Miami have
no knowledge of the current state of the weather in the vicinity, their
expectation of a tropical storm at Miami (in zone m) within the next

12 hours is 0.0032 based on climatology. This is the frequency of
weather state Sm, and corresponds to a tropical storm center striking

within &0 miles of Miami once in every 1.7 years.



Table 1
DEFINTITIONS OF WEATHER STATES

S No tropical storm observed within the region
bounded by the curve w.

Tropical storm observed in zone vw and |x| > 60°.

S !

VWX

S Tropical storm observed in zone vw and |x| < 60°.
Sy ! Tropical storm observed in zone uv and |x| > 60°.
v Tropical storm observed in zone uv and |x| < 60°.
S ! Tropical storm observed in zone mu and |x| > 60°.
Smux Tropical storm observed in zone mu and le < 60°.
Sm Tropical storm observed in zone m.

In Table 3, we list the seven weather states for which warning is
meaningful, with each weather state cross-classified against various
time intervals. The nuwber at the intersection of a row and colum
gives the frequency with which the weather state in the given column
precedes weather-state Sm within the time interval indicated in the
given row.

The importance of prior path (direction of movement) is apparent
if the reader compares weather states that differ only in the magnitude
of angle x. For example, the probability of a storm striking within 4§
hours 1is increased from about 0.02 for Suvx, to about 0.40 for Suvx 5
and the probability of striking between 24 and 36 hours is increased

25-fold.

Further examination of Table 3 reveals other interesting proper-
ties of tropical-storm location and prior path. Compare columns S 5
3 ¢ 5 and S P e S 1s a weather state with a storm relatively

uvx WX
distant from Miami, but it represents a rather direct approach.



Table 2

FREQUENCY DISTRIBUTION OF WEATHER STATES, MIAMI REGION,
PERIODIC 12-HOUR OBSERVATIONS,
MONTHS OF AUGUST, SEPTEMBER, AND OCTOBER, 1887-1958

Note:

Number of
Weather state obgervations Frequency

SO 12,162 .9155
vax' 323 L0243
S 343 .0258
S pvx ! 180 .0136
S 143 .0108
uvx
Smux' 37 .0028
S 5L L0041
mx
3 Lo .0032
m ————

Total 13,284 1.0001

a
The total number of observations (13,284) exceeds the total

number of 12-hour intervals (13,248) because more than one tropical

storm was observed in some of the 12-hour observation periods.



Table 3

FREQUENCY DISTRIBUTION OF WEATHER STATES BY TIME INTERVAL
BEFORE STORM REACHES MIAMI

Time interval Frequency distribution of each weather state

between observed before storm strikes Miami (state S )
weather state m
and state S 3 S, 8 S, S s ., s

m (o] VWX VWX uvx uvx mx max
O - 12 hours .0002 ,0000  .0000 .0000 .0350 .0811 .57LO
12 - 2L hours .0001 .0000 .0087 .0111 .1818 .0000  .1481
2k - 36 hours .0007 .0031 .0kO8 .0056 .1399 .0000  .0000
36 - 48 hours .0003 .0062 L0670 0000 .0420  .0000  .0000

over L8 hours

(primarily miss) «9986 .9907 .8832 .9832 .601k .9189 .2778

all time periods  .9999 1.0000  .9997 .9999 1.0001 1.0000  .9999

Suvx' and Smux' represent storms closer to Miami, but with indirect
approach. The probability of a storm striking within 48 hours is about
12 per cent for vax , and is only 2 per cent and 8 per cent respec-
tively, for Suvx' and Smux' . These comparisons show the relative
importance of immediately prior direction of movement as compared with
proximity.

The frequent pinpointing of storm centers that will be possible
vith weather satellites will permit the identification of sudden
changes of direction of storms too distant from shore to be tracked by
routine observational methods such as shore-based weather radar.*
Table 3 gives some quantitative indications of the usefulness of such

distant tracking in forecasting the approach of the storm.

* Continuous (or nearly continuous) surveillance of distant tropical
storms by means of manned weather aircraft is now frequently undertaken,
and may be regarded as in some ways an alternative to satellite observa-
tions of storm movements.



ITI. CASE 1l: THE CITY OF MIAMT

To estimate the value of tropical storm information to Miami, we

require dollar estimates of damage and preparation (protection) costs.

Such estimates, based on an actual storm of moderate intensity which

occurred on 10 September 1960, are given in summary form in Table L;

total private and public preparation costs are estimated at $1.2

million and total damage costs at $6.6 million. More detailed calcu-

lations are presented in Appendix A.

The following symbols will be emplcyed in analyzing the value or

storm information:

c(1)

Annual cost to Miaml of tropical storms, given weather
information of "quality" 1.

Protection cost per storm to Miami.

Damage cost per storm if prior warning is received.
Damage cost per storm if no prior warning is received.
Number of storm warnings per year.

Number of correct storm warnings per year.

Number of storms per year for which warnings are
lacking.

Number of warnings per year for which storms are
lacking.

wiv

The cost per year associated with weather informetion of given

quality can be calculated according to the following formula.

N

c(d) = Cp N, + Cg N+ C it

dw “ww dw'
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Table L

MIAMI STORM OF 10 SEPTEMBER 1960:
PROTECTTION AND STORM DAMAGE COSTS

1. Protection cost

Private cost $1,147,937
Property $419,370
Labor diverted to
protection activities 728,567
Public cost 28,833
Property 3,561
Labor diverted to
protection activities 25,272
Total protection cost
per storm (CP) $1,176,770
2. Damage
Private cost $6,L407,134
Property $k, 950,000
Labor time lost 1,457,134
Public cost 196,172
Property 145,672
Labor time lost 50, 500
Total damage per storm (de) $6, 604,306

Source: See Appendix A.



The first product on the right side of this formuls gives the total
protection cost, the remaining products sum the damage costs for
those occasions on which warnings are received and those on which

warnings are not received.

We first estimate the cost incurred by Miami if perfect weather
information is available, and then examine how this cost increases
as the information becomes less perfect. In the limiting case of the

perfect forecast, which we identify as C(0), we have

N =N andN_, =0,
W W wW

SO that
c(0) = NW(CP + cdw) .

The value of perfect forecasting over imperfect forecasting we define

as

Vi = c(i) - c(o) .

Correspondingly, for any two imperfect forecasting techniques, we have

Vi = c(i) - ¢(J)

Since tropical storms strike Miami .58 times per year, Miami
residents would prepare for and be struck by such storms .58 times
per year if they were forewarned of storms with perfect accuracy.
Substituting in our formula the values of Cp and de from Table L,

we have

c(0) = Nw(Cp + Cy,) = (0.58)(8$7,780,076) = $k, 512, blk.

At best this is a close approximation of the annual cost to Miami
residents associated with perfect forecasting. At worst this estimate
i1s a useful upper bound to the annual cost. Aside from the possibility
of biased errors in the measurement of climatological and financial
data, the cost assoclated with perfect forecasting might be somewhat
lower than this if Miami residents prepared more intensively or care-

fully after receiving a storm warning they were sure was correct; as
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it is, of course, they make their preparations under conditions of

some uncertainty about the accuracy of the forecast.

Several reasons can be given for believing this upper bound is
not too far above the correct value. First, the severe damage that
can be caused by storm winds of hurricane or near-hurricane
intensity greatly exceeds that associated with more common weather
phenomena, such as snow or raln. In view of this great potential
harm, it seems reasonable to assume that many decision makers prefer
to follow a minimax strategy rather than one that seeks to minimize
the expected cost. In such cases, current protective measures are
good indicators of those that would be undertaken under conditions

of either greater or lesser certainty.

Second, alterations in protective measures will be offset in
part (in part only) by changes of opposite sign in the damage cost,
50 that the éum Cp + de will not change as radically as its compo-
nents. Thus, if greater certainty leads to more extensive prepara-
tion, the resulting reduction in damage will cause the sum of the
two expenditures to be more stable than either preparation cost or

damage cost singly.

Third, even though forecasts may turn out to be perfect after
the event, the public may not have believed them to be so beforehand.
Hénce, even if forecasts are seen o have become more reliable, the
protective measures taken by Miami residents may not change except
after a (possibly long) learning period during which they come to

appreciate the greater accuracy of forecasts.

Nonetheless, there is no doubt that C(0) will be somewhat less
than we have estimated. The arguments given above are not meant to
deny this; they suggest, however, that this upper limit mey not be
as much above the actual cost as first impressions might lead one to
believe. As a practical matter, such approximations are necessary
if we are to estimate a significant proportion of the economic value
of better forecasting. And, practically speaking, it 1is necessary

to use current types and quantities of protective procedures as the



basis for our estimates of protection cost under differing degrees of

uncertainty. Adopting this procedure, we estimate
<
¢(0) = $4,512,000 .

We desire to compare this cost with the costs associated with
less accurate forecasts. To do this we need an estimate of the damage
that would be caused by an average tropical storm for which no prior
warning was received. In recent years no storm has struck Miami with-
out some warning. Hence, it is difficult to estimate the damage that
would result if it did. However, we have indirect evidence; we can
use as the basis for our estimates the damage assoclated with an
intense storm for which only short warning was aveilable. Such was
the severe storm (hurricane) of October 1950, in which Miami suffered
damage estimated at about $i2.7 million (see Appendix A). After
looking at the data, the present writer is inclined to think that an
estimate derived in this way is reasonsble, and that it is likely to
be on the low side. In what follows, therefore, the damage caused by

an average storm without warning is taken as C = $13 million.

dw'
i appears that "failure to warn" (no warning is given of a storm
that strikes Miami) and "false warning" (warning is given but a storm
does not strike) have quite different economic consequences. Each
failure to warn that is eliminated by improvements in the warning
system will save Miami the difference between the cost of a strike
without warning and the cost with warning, that is, on the average,

a saving of C - C - C = $5.2 million. The elimination of a
& v dw P

false warning will save Miami CP = $1.2 million. The ratic of these
savings (about 4.3 to l) can be used as a trade-off ratio in judging
which of the two kinds of error it will pay better to eliminate (or to
reduce in frequency) if the costs of achieving the {two improvements
can be estimated.*

*
Conceivably, this ratio might be used as a guide either in re-

allocating current expenditures for the observation and forecasting
of tropical storms in the Miami region, or in allocating additional
expenditures for obtaining particular types of weather information
not currently available. Strictly speaking, of course, the ratio
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Iet us now consider three less-than-perfect warning systems. The
first system leads to warnings whenever a storm is observed in state
Smu' Observations are made every 12 hours. From Table 2, we find
that, on the average, weather state Smu occurs 1.26 times a year. In
this system, therefore, 1.26 warnings will be issued annually. Of
these 0.68 will turn out incorrect. OFf the 1.26 warnings issued annu-
ally, 0.75 originate from weather state Smux and 0.51 from weather
state Smux' . In Table 3 it is shown that weather state Sm (storm at
Miami ) fails to occur 28 per cent of the time following Smux and 92
per cent of the time following Smux' . The incorrect warnings fron
weather state S are therefore (0.75)(0.28) + (0.51)(0.92) = 0.68

annually.

We must also take account of storms that strike Miami without
warning, that is, that move from Suvx to Sm in less than 12 hours --
too rapidly, according to our assumption, to generate warnings. From
Table 2 it appears that for the T2 years of observations, weather
state Suvx occurred on the average twice annually (lh3/72 = 2 approx-
imately.) From Table 3 it appears that Sm follows SuVX in less than
12 hours with a frequency of 0.035. Therefore the annual average

number of storms striking Miami without warning would be
(2)(0.035) = 0.07.

In summary, for the first imperfect observation and warning sys-

tem, our variables take the following values.

refers only to Miami, whereas the weather cbservation network that
serves Miami serves a wide area. In practice there would be diffi-
culties in assigning costs to particular increments of weather in-
formation and in ildentifying their special contributions to improved
forecasts; e.g., the same information may help to reduce both false
warnings and failures to warn, and in different degrees for different
locations. However, with objective forecast systems such as those
described in this section, it is often possible to be rather precise
about the kinds of additional information that will have the biggest
payoffs for a particular locality.
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cp = $1,177,000 N, = 1.26
Cay = $6, 603,000 N .= 0.58
Co' = $13, 000,000 N .+ =0.07

Labeling this warning system (1) we have
c(1) = $6,222,760 .

The imperfection in forecasting arising from system (1) would cost

Miami residents the difference between C(1) and C(O), or about $1.7

million a year.

Qur second system is somewhat improved but still imperfect.
Apsume observations are made more frequently than every 12 hours, so
that the 0.07 storms moving in too rapidly to lead to warnings under
system (1) now allow of warning. This slight change would generate
0.07 more warnings and eliminate 0.07 surprise storms. The net gain

would be

_ _ - - 7Y = 43651 )
c(1) - ¢(2) (cdw, Coar ,CP) (0.07) = $365,400 per year

Consider a third warning system that, in addition to the more
frequent observations, gives warnings when weather state SmuX is

observed (but not S, ). For this system, we have

mux

No= 0.82, N__ = 0.54, N_, = 0.0k, and C(3) = $5,050,760.

The gains to Miami from these three warning systems are set out in
Table 5. The total gain in moving from no warning system in which
0.58 unheralded storms reach Miami per year to a perfect forecasting
system, is estimated at about $3 million annually. The surprising
thing revealed by Table 5 is the extent to which most of the total
possible gain can be achieved by rather simple improvements in the
warning systems Jjust described. This statement is true even if our
estimate for C(0), which is an upper bound, is considerably reduced.
It is also true if we substantially raise our estimate of the damage
done by a surprise storm, for, although this would also raise the
estimated cost of a no-warning system, the increased cost would enter

the gains of system (2) which eliminates surprise storms.
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Table 5

INCREMENTAL GAINS FROM IMPROVED WARNINGS

Annual storm Incremental gain from
Warning cost to Miami better warning
system? (thousands of dollars) (thousands of dollars per year)
none Y,SMOb none
c(1) 6,223 1,317 [gain over no warning]
c(2) 5,858 - 365 [gain over C(1)]
c(3) 5,051 807 [gain over ¢(2)]
c(0) [pertect] b, 513 538 [gain over C(3)]
Notes:

aNone of these statistical-climatological warning systems corre-
sponds exactly to the actual forecasts issued by the Weather Bureau,
which are based on synoptic and dynamic principles as well as on cli-
matology, and contain a subjective element depending upon the individual
forecaster.

b . . s .
The storm cost for no warning is computed on the basis 0.58 storms
anrnually and a cost of $13 million for a storm striking without warning.
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If monetary gains alone are of concern, it is obvious that the
decision to issue a warning depends on the expected cost of preparing
needlessly, relative to the expected cost of damage from a surprise
storm. As shown by Thompson and Brier* and developed by Nelson and
Winter,** a warning should be issued whenever the probability that
the warning will be correct is greater than the ratio of protection
cost to damage cost without protection. ILet wa be the probability
of a storm's occurring when a warning is given. A warning should be
issued whenever wa >'CD/C ' s and it should not be issued whenever
the inequality is reversed. If we average over all Miami residents,
the ratio CP/CdW' equals 0.091. (This ratio would, of course, change
if storms succeeded each other rapidly, although it is not clear that

a second storm of intensity equal to that of & first storm will cause

less damage and more protection cost than the first storm.)

A rule of this kind is strictly applicable only to property values
and to single warning systems. As was pointed out by Nelson and Winter,
it would be an advantage to the user if the forecast itself could be
issued in probability terms, so that each decision maker could compare
gyt The aggregation prob-
lem would thus be circumvented. And, where human lives are at stake,

this probability with his own value of CP/C

forecasts in probability terms have the additional advantage of not

forcing the forecaster to place a dollar value on human lives.

It should be noted that Table 5 estimates the gains for the Miami
area only. Benefits undoubtedly would be several times larger for the
whole state of Florida, and still larger for wider geographical areas.
Also, we have dealt here with simple systems that give in effect only
a single warning. Additional benefits are derivable from sequential-~

warning systems. A system of this kind is considered in Section III.

¥*
J. C. Thompson and G. W. Brier, "The Economic Utility of Weather
Forecasts," Monthly Weather Review, vol. 83, pp. 249-254 (November 1955).

%
R. R. Nelson and S. G. Winter, Weather Information and Economi.c

Decisions: A Preliminary Report, The RAND Corporation, RM-2620-NASA
(August 1960).




-16-

GRATIGNY

£\ 1371k AVE.

MARION

KROME %

oavIs A
A
CORAL
PERRINE /%
AHAINLIN
P
LagPRINCE TON
A
T HOMESTEAD
i : AR BASE
:NOII[SI[A."I
[ i
v 7
| Feomoa;
| oore
i .
FLORIDA CITY
4& INTERCONNECTION WITH

KEYS ELECTRIC CO-OP

PORT EVERGLADES

LauoeroaLe | |frreess | pLANT i
PLANT : j

HALLANDALE
HALLANDALE /Y

' GREYNOLDS
I /
I /S
I GARDEN |SLES
"""""" [3
! H ]
l P o, sHAULOVER
l ARCH /': { z ]
I M
BISCAYNE:- -2 & a} 3
’EISEALV/V[ PARK o
i =t~ - NORMANDY
SHoRES BEACH &
T TLE -DEAUVILLE A

A RIVER ey

V7NETIAN

MIAMI  STMIAMI BEACH

. )
. PLANT > » PLANT
m }‘(g
coigwr GROVE S
l

Y cuTLer

REEF ‘f; PLANT $€;
L 4
N
¢
\9
°
LEGEND
Electric transmission lines-69-115-138-240KV
—— ——«Electric transmission lines—-under construction
[0 Generating stations

/> Substations
X Proposed substations

Note: Low voltage distribution
not shown

Fig. 2— Miami area served by Florida Power and Light

Company



-17-

IIT. CASE 2: THE FLORIDA POWER AND LIGHT COMPANY

The Florida Power and Light Company serves a large area in
Florida, including almost all the East Coast and part of the West
Coast in the Fort Myers-Sarasota area. The aspect of company
operations which concerns us here is the transmission of electrical

power to Miami. Figure 2 shows the Miami area served by the company.

Protection of the high-voltage and low-voltage transmission-line
system from hurricane damage is provided for to some extent in the
initial design of the system's towers and poles, and is based on
structural loads and working stresses adopted with climatological and
economic factors in mind. The designed loads represent a calculated
risk. The company expects that wires will be knocked down during a
storm and that it will incur expenses for restoration during and
after a storm. It is not feasible economicelly to design the system
to withstand all storm wind-speeds without damage. After the system
is built, there are no economically feasible specific measures that

can be taken to protect the facilities from damage.

However, there are very decided economic gains for the company
in rapid restoration of the system during and after a storm. Much
of the low-voltage transmission system is knocked out by the collapse
of wires and poles. To keep the system functioning, some transmission-
line crews are at work throughout the storm, and other crews start

work as soon as the strongest winds have passed the area.

Restoration of facilities is important to the company because
the loss of revenue is an irrecoverable item. Rapid restoration of
the facilities is a matter of mobllization of transmission-line
personnel at the proper point. The use of contract forces also
reduces restoration time. A serious problem is that there are not
sufficient trained personnel available in a particular area to restore
the company's system within a reasonable time after & storm hits.

Personnel from other areas in the system must be transported to the
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storm area, either before, during, or after the storm. Almost the
entire company system is vulnerable to hurricanes along a coastline

of approximstely 450 miles.

With a l2-hour advanced warning that a storm will strike the
Miemi area, the practice of the company is to spend, on the average,
about $10,000 for transmission-line crews to restore transmission
facilities during and after the storm. (This includes special costs
such as transportation of crews from other parts of the system,
mobilization of equipment, and salaries of crews.) In addition to
this expenditure, there is the revenue lost because of power failure.
This is approximately equal to the product of (1) the percentage of
customers not receiving service and (2) the average day's revenue in
the area. Under present conditions, the revenue lost when an average

*
storm strikes the Miami area would be:

Table 6

REVENUE LOSSES DURING SERVICE RESTORATION PERIOD,
12-HOUR WARNING

lst day loss: 0.95 x $266,000 = $252,700
2nd day loss: 0.75 x $266,000 = $199,500
3rd day loss: 0.45 x $266,000 = $119, 700
Total 3-day loss: $571,900

*
See Appendix B for more detailed information about these and
other data used in this section.



To reduce the revenue loss during restoration, larger numbers of
transmission-line crews and supplies can be moved into the storm area
if the warning is given early enough. Tor a system so geographically
extended a warning of 36 hours is better then 24 hours, and 24 hours
is prefereble to 12. By proper mobilization and logistics, lost
power and lost revenue can be reduced. In Table 7 we show the revenue
losses that would be incurred for an average tropical storm striking
the Miami area. Wl s W2 , and W3 indicate, respectively, l2-hour,
2h-hour, and 36-hour advanced warning. Action ay represents the
mobilization of local transmission-line personnel at an estimated
cost of $10,000. Action a, represents almost-statewide mobilization
of transmission~line personnel and use of contract forces, at an esti-

mated cost of $30,000.

Table 7

REVENUE LOSSES PLUS MOBILIZATION EXPENSES

Wy W, W
a, $581,900 $542,000 $526,000
a, $601,900 $468, 900 $349,200

It appears that the really significant savings are associated
with early warning and statewide mobilization. More advanced varning
with only local mobilization does not lead to anything like such
large savings. This is because most of the savings depend on
restoration time, which in turn depends on extensive mobilization.

On the other hand, statewide mobilization with only 12-hour advanced
warning increases losses because non-local crews cannot get to the

Miami area soon enough to expedite restoration sufficiently to offset
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the cost of mobilization. However, with 36-hour notice, distant crews
can be mobilized in the Miami area to an extent that significantly
increases the rate of restoration during and immediately after the
storm. This reduces the percentage of customers not receiving service
the first day to 75 per cent and the second day to 45 per cent. In
addition to the $30,000 mobilization cost, losses to the company under

such conditions will be:

Table 8

REVENUE LOSSES DURING RESTORATION PERIOD,
36-HOUR WARNING

lst day losses: 0.75 x $266,000 = $199, 500
2nd day losses: 0.45 x 3266,000 = $119, 700
Total 2-day losses: $319,200

The sum of restoration expense ($30,000) and revenue loss from
Table 8 is entered in the second row and third column of Table T7; and

similar calculations lead to the remaining entries in that table.

One further modification is required. While service is stopped
by the storm, the company saves on fuel consumption. This saving
mist be deducted to arrive at the net revenue loss. This change is

incorporated in the net-loss matrix given in Table 9.

Table 9
NEP REVENUE LOSSES PLUS MOBILIZATION EXPENSES
Wy W, w3
$511, 300 $L78,100 $u6h, 300

2, $531, 300 $417,000 $311,100
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It should be kept in mind that these figures are based upon the
agsumption that the storm in fact strikes the Miami area, and, there-
fore, they measure the value of more advanced warning only under
conditions of certainty. These entries give answers %o the following
questions: What is the net loss per storm to the company if a storm
strikes Miami and a 12-hour prior warning is received? A 2k-hour
prior warning? A 36-hour prior warning? With a 2L-hour warning, our
estimates lead to a loss reduction of ($511,300)-($L17,000) = $9k,300.

Similarly, a 36-hour warning allows losses to be reduced by $200,200.

A more complex analysis is required to answer questions regarding
the gains securable under conditions of uncertainty. One difficulty
that should be recognized is that our analysis is not complete enough
to do full justice to the p}oblem; we treat the gains derivable only
in the Miami area. This oversimplifies the problem. For example,
with advanced storm warnings of given probability, it may appear that
resources should be mobilized in the Miami area to reduce restoration
time. A public utility operating only in the Miami area might find
this good advice. However, a utility operating throughout Florida
may find that, although the probability of Miami being hit is high
enough to justify such action in isolaticn from opportunities else-
where, the opportunity cost of using these resources in other locations
where strike probabilities are even higher is too great to Justify
their mobilization in Miami. A high strike probability for Miami does
not preclude an even higher probability elsewhere in Florida. We
should not let this trouble us too much, however. It implies only
that we are estimating minimum benefits rather than actual benefits.
If our analysis asserts that a local utility should mobilize resources
in the Miami area, whereas & statewide utility would find a higher
expected payoff from the use of resources elsewhere, then the benefits
derivable elsewhere will be at least as great as in the Miami area.

If our analysis suggests that resources should not be mobilized in the
Miami area, it does not preclude the profitability of mobilizing them
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elsewhere. In either case, benefits mey be higher than we estimate,

but not lower.

In the application of the Florida Power and Light Company data
to conditions of uncertainty, we make the following two assumptions:
(1) preparation time in excess of 36 hours does not lead to any
significant additional gains, and (2) warnings are issued at 1l2-hour

intervals.

Let Pl ’ P2 , and P3 represent the probabilities of a storm
striking within 12 hours, from 12 to 24 hours, and after 24 hours,
respectively, for any given weather state. The cost of statewide
mobilization is $30,000, or $20,000 in excess of local mobilization
costs. Against this $20,000 must be matched the expected gains from
advanced mobilization. To do this, we first calculate gains under
conditions of certainty by subtracting row a, from row aq in Table 9.

The result is shown in Table 1O.

Table 10

GAINS FROM STATEWIDE MOBILIZATION,
GIVEN THAT STORM STRIKES

Wl W2 W3

-$20,000 361,100 $153,200

Adding these gains, each weighted by the strike probabilities of any
given weather state, gives the expected gain, E(G), from statewide

mobilization.
E(G) = Pl(-$eo,ooo) + P2($6l,100) + P3($153,2OO)
More complete analysis of weather data should enable weather

states and associated strike probabilities to be ascertained more

accurately. In particular, it should be possible to classify weather
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states according to the algebraic sign of E(G). The more precisely
this can be done, the greater will be the gains. Unnecessary state-
wide mobilizations will be eliminated by sorting out weather states
with relatively high values of Pl and low values of P2 and P3; and,
for weather states which assume a converse ordering of probabilities,
additional mobilizations will be economic. If weather states can

be discovered for which P3 is close to unity and both Pl and P2 are
close to zero, gains will approach $153,2OO for those cases in which

the weather states occur in appropriate sequence.

Of course, sorting out the weather states and following the tracks
of the storms so as to identify the correct weather state would involve
some costs for the company. In the discussion below we estimate the
gains achievable by the company at practically no cost by using readily
aveilable climatological information. But it may be remarked here that
it should be worth while for the company to pay something for the in-
creased gains made possible by the more detailed classification of
weather states and the more accurate tracking of storms. Where Ei(G)
is the expected economic gain from advance mebilization for weather
state i , and Ni is the number of storms annually passing through
state i , then the company should be willing to pay annually any anount
less than its annual savings NiEi(G) for the identification of the
weather state and the appropriate knowledge of storm movements. For
a weather state 1 for wvhich Ei(G) is negative, the company should, of

course, continue its present practice of not mobilizing in advance.

The decision to call for statewide mobilization is slightly more
complex if several weather states yield positive values for E(G). In
such cases, the company would need to ask itself periodically whether
mobilization should be ordered immediately or delayed. The answer,
of course, depends on the expected gains realizable from mobilization
at the time the question is asked, relative to what can be realized

if the decision to mobilize is delayed.

The following example describes the gains from two different

forecasting systems, each as compared with the absence of any kind
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of advanced warning. The two systems are distinguished by the fact
that the first takes into account only the posi@ion of a tropical
storm, whereas the second takes into account both the position of
the storm and its direction of approach. That is, the second system
separates the climatological data into our x and x' categories, the

first system does not.

Table 2 gives us approximate weights, and from Table 3 we can
estimate the probabilities relevant to the company's decisions. If
we do not distinguish between x and x' , Table 3 gives probabilities

for the first forecasting system, as set out in Table 11.

Calculating the value of the expected gain for each weather state

by substituting into the eguation
E(G) = Pl(-$eo,ooo) + P2($61,OOO) + P3($153,200) R

we find that E(G)

$477 (for So)
$9,467 (for va)
$15,110 (for Suv)
-$1,89%4 (for s_ )

it

It

Since the storm must pass through all four weather states if
Miami is to be hit, the company should wait until the weather state
yielding the highest expected payoff is reached. This is weather
state Suv which yields a saving per storm of $15,110. On the average,
about 4.5 storms pass through state Suv per year,* so that annual
savings achievable by merely noting the position of storms would be

$68,000 for the company's Miami operations.

8 and S ¢ in Table 2.
uvx uvx
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Table 11

STRIKE PROBABILITIES FOR WEATHER STATES AS A FUNCTION
OF TIME BEFORE STRIKE, FIRST WARNING SYSTEM

Time interval Frequency distribution of
between observed veather states by time
Strike weather state lapse before striking Miami
Y e and state S S S S 3
probability m 0 VW uv mu
Pl under 12 hours . 0002 . 0000 .1555 3737
P, 12 - 2L hours .0001  .00Lks  .0867 .0879
P, over 24 hours .0031% L0600  .0837  .0000
Note:

BThis frequency includes a strike estimate of .0021 for the
storms in Table 3 that are tabulated "over 48 hours."
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For the second forecasting system, Table 12 shows the relevant

probabilities.

Table 12

STRIKE PROBABILITIES FOR WEATHER STATES AS A
FUNCTION OF TIME BEFORE STRIKE, SECOND WARNING SYSTEM

Time interval

Strike between observed Frequency distribution of weather states
weather state by time lapse before striking Miami
prob-
M and state S S S, v S S ¢ S S : S
abllity m (o] TWX VWX  uvx uvx = Imix mix
P, Under 12 hours .0002 .0000 .0000 .0000 .3500 .0811 .57LkO
P2 12 - 2L hours .0001 .0000 .0087 .0111 .1818 .0000 .1481
P3 over 2L hours .0031 .0093 .1078 .0056 .1819 .0000 .0000

Again, calculating E(G) for each weather state, we find that
E(G) $4TT (for 8 )

$1,425 (for S__ )

$17,047 (for s._ )
$1,536 (for S

$31,975 (for S )

-$1,622 (for S_ . 4)

n

-$3,431 (ror s ) -

A storm striking Miami must pass through all the weather states

So’ va’ Suv

an x and x' direction. It is clear from this tabulation that in no

, and Smu, but will not pass through each state with both

case should the company mobilize when the storm is in states So and
vax' . From either of these the storm before striking Miami must pass

through other weather states for which the payoff from mobilization
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is higher. Moreover, the decision to mobilize should never be postponed

until states Smux' and Smux are achieved, for they have negative pay-

offs. This leaves three weather states which could possibly trigger

preparation, S , S , » and S . If it were known for certain
WX uvx

uvx

that the storm would strike Miami via the route S —> 8 y s it
WX uvx

would be most profitable to mobilize when the storm is in state vax

because the payoff is higher for this weather state than it is for

Suvx' However, if it were known for certain that the storm would

strike via the route S -—> 5 , it would be most profitable to
VWX uvx

postpone mobilization until the storm is in state Suvx . Finally,

if it were known for certain that the storm would follow the path

S —>8
R'azp:e VX

state S was achieved.
uvx

—_ SuVX , it would be most profitable to wait until

Since we do not know the approach path for certain, the company
must time its decision to mobilize on the magnitude of the transi-
tional probabilities of storms moving from one weather state to another.
The transitional. vprobability of the storm moving from S , to S

uvx uvx

is so small that the third approach can be ignored as a practical
possibility. The transitional probability of the storm following the
peth 8 —> 8§ ., 1is 0.106, and, for the path Strx ~ Suyy 0 1T IS
0.894. A decision to mobilize when the storm is in S yields a
payoff of $l7,0h7 per storm, whereas a decision to postpone mobiliza-
tion until either S, or 8 is reached results in a payoff of

v uvx
$28,759 = (0.106)(%$1,536) + (0.894)($31,975), that is, the sum of the
payoffs of Suvx‘ and Suvx each weighted by the appropriate transitional
probability. Hence, it pays to postpone the decision to mobilize
until either state S , or 5 is achieved, or in other words, until

uvx uvx
state SuV is achieved. The decislon to mobilize would take place at
the same time as it would if only the storm's position were recorded,
so that the payoff for the company is not increased by any expenditure

*
devoted solely to identifying storm direction. It will be recalled

This conclusion need not hold for categories of x that differ
from those we have selected. Moreover, the direction of movement is
usually determined from successive positions, so that a system which
provides the latter with sufficient accuracy also gives the former al-
most cost-free.
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however, that the case study for the City of Miami indicated that,
from the city's point of view, there were gains from identifying the

storm’s directions as well as its position.

It should be emphasized again that the estimates of gains given
here apply only to Miami and to the Florida Power and Light Company's
Miami operations. Gains for wider geographic areas would be much

greater than those indicated by local studies of this kind.
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Appendix A

CITY OF MIAMI: STORM PROTECTION AND DAMAGE COSTS

This appendix contains detailed calculations for summary figures
presented in Table 3. The figures are based on damage and preparation

cost estimates for a storm of moderate intensity striking Miami, Florida.

I. ESTIMATED COST OF PROTECTION OF PRIVATE AND CITY PROPERTY FOLLOWING
AN AIERT

*

A. PROTECTION OF BULLDINGS
1961 Property Values {(Market Valuation)
Commercial  40% of $1,478,343,000

$ 591,337,200

1

Residential UL7% of  1,478,343,000 = 694,821,210
Industrial 5% of  1,478,343,000 = 73,917,150
Vacant Land 8% of  1,478,343,000 = 118,267,440

100% $1,478,343,000

Residential Protection (short term)

For protective measures average residence, use $0.391/1000

Total cost for residential = 694,821,210 x .391 = $271,680
1000

Commercial Protection (short term)

For protective measures, use $.222/1000

Total cost for commercial: 1 7,200 x .222 = $l3l,280
1000

Industrial Protection (short term)

For protective measures, use $.222/1000
Total cost for industrial: 73,917,150 x .222 = $16,410

1000
Vacant Land - O
Residential $271,680
Commercial 131,280
Industrial 16,410
Total: Protection of Buildings $419,370

m ,
Does not include long-term measures such as permanent shutters,
etc. See supporting data at end of this appendix.
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*
B. LABOR FORCE TIME IOST DUE TO HURRICANE PREPARATTION

*
Number of persons employed in Miami 122,431
Less city employees and those employed
in essential services 18,350
10k, 081
Assume one-half working day (4 hours)
lost due to alert L
Man-hours lost 416,324
Average hourly rate 5 1.75
Total cost of lost time, preparation
only $728,567
TOTAL: PROTECTION OF PRIVATE PROPERTY,
INCLUDING LABOR COSTS (A+B) $1,147,937

C. PROTECTION OF AGRICULTURAL PROPERTY
0 (Minor).
D. PROTECTION OF CITY PROPERTY
Protection of City-owned Buildings $ 3,561

City Personnel Time Lost Due to Preparation

Number of persons employed by City of Miami 2,700
Assume one-half working day (U4 hours) lost

due to alert N I

Man-hours lost 10,800

Average hourly rate $ 2.3k
Total: Cost of Lost Time 25,272
TOTAL: PROTECTION OF CITY PROPERTY $23,833

E. EVACUATION
0 (Minor in Miemi City proper).

F. SUMMARY: TOTAL ESTIMATED COST OF HURRICANE PROTECTIVE MEASURES,
PRIVATE AND CITY PROPERTY, INCLUDING COST OF LABOR LOST

Protection of private and commercial buildings $ 419,370
Protection of city-owned buildings 3,561
Private labor, time lost due to preparation 728,567
City labor, time lost due to preparation 25,272

Total  $1,176,770

¥*
Includes those residing outside Miami.

*%
See supporting data at end of this appendix.
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TI. ESTIMATED COST OF HURRICANE DAMAGE TO PRIVATE AND CITY PROPERTY,
CITY OF MIAMI

(October 1950 and September 1960 Hurricanes)

A. ESTIMATED PRIVATE PROPERTY DAMAGE AND PERSONNEL TIME IOST
*
OCTOBER 1950 HURRICANE

Private Property Damage

Stock company insurance claims paid $3,823,540
(represent approximately 2/3 paid claims)
Mutual companies, Lloyds, claims paid 1,911,000
Total paid insurance claims $ 5,73k4,540
Property damage not covered by insurance 5,100,000
TOTAL PROPERTY DAMAGE $11, 434,540
Persomnel Time Lost From Normal Working Duties
One Day (8 Hours) ’ 1,071,600
Total $12,506, 140

SEPTEMBER 1960 HURRICANE

Private Property Damage

Total $ 4,950,000
Personnel Time Iost From Normal Working Duties
One Day (8 Hours) 1,457,313k
Total $ 6,407,134

B. ESTIMATED COST OF DAMAGE TO CITY PROPERTY
OCTOBER 1950 HURRICANE
Property Damage and Cost of Clean-Up and Repairs

Damage to buildings $ 41,308

Clean-up of streets, trash pickup, emer-
gency road repair, debris clearance,

sidewalk repair 127,546
Total $168’ 754

*Small diameter, intense hurricane, with estimated gust velocities
150 mph. Center passed over Miami at 0050 hours October 18, 1950. Re-
latively short duration for Miami. Damage mostly wind; no appreciable
tidal or flooding damage.

s

Broad hurricane sweeping up through Keys, and west coast of Florida,
September 10, 1960. Estimated gust velocities Miami 97 mph (not severe
for Miami). Miami damage mostly wind.
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Subtotal (carried forward): $168, T54
Personnel. Time Lost From Normal Working Duties

One Day (8 Hours) 35,600

Total $20h,35h

SEPTEMBER 1960 HURRICANE
Property Damage and Cost of Clean-Up and Repairs

Damage to buildings and docks $ 30,883

Clean-up of streets, trash pickup, emer-
gency road repair, debris clearance,

sidewalk repair 114,789
Total $1hs, 672
Personnel Time Lost From Normal Working Duties
One Day (8 Hours) 50,500
Total $196,172

C. GSUMMARY: TOTAL ESTTIMATED COST OF DAMAGE TO PRIVATE AND CITY
PROPERTY, INCLUDING COST OF LABOR IOST

OCTOBER 1950 HURRICANE

Damage to private property $11, 434,540
Damage to city property 168,754
Private labor, time lost 1,071,600
City labor, time lost 35,600

Total $12,710, 494

SEPTEMBER 1960 HURRICANE

Damage to private property $ 14,950,000
Damage to city property 145,872
Private labor, time lost 1,457,134
City labor, time lost 50,500

Total $6, 603,306
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ITI. SUPPORTING DATA: TOTAL CITY OF MTAMI REAL PROPERTY VAILUES

NOTE:

TAX ROLLS: Does not include publicly owned City, County,

State, Federal or tax exempt organizstions.

1957:
1957:

1957:
1961:
1961:

1961

$1,011,255,310 Assessed Valuation

$1,348,340,000 Actual Value = Assessment
.75 '

Humber of buildings (taxable) 66,271
$1,108,757,330 Assessed Valuation

$1,478,343,000 Actual Value = Assessment’
-5
Wumber of buildings (taxable): 72,368 prorated 1961

1957

ESTIMATES OF BREAKDOWNS OF ASSESSED VALUATION
40-50% Commercisl

30% Residential

15% Multiple

5-6% Industrial
8-9% Vacant
USE: Commercial: Lo,
Vacant Land: 84,
Industrial: 5%
Residential & apartment house: h??
lOO,"o

Omitting Vacant Land

Commercial L40/92 = 43.5%
Industrial 5/92 = 5.4%
Residential &

q

|

gpartment house 51.1%
lO0.0% of improved property only

* . ¢
Tax Assessor says "assessed" value would be 25% under market valua-~

tion.

#*
1961 number of buildings has not been computed. Prorated figure con-
sidered to be a close estimate.
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IV. SUPPORTING DATA: HURRICANE PROTECTIVE MEASURES AVERAGE RESIDENCE
Average Value $10,000 to $20,000 market value (not assessed value)

Labor™
Replacing garbage cans, picnic tables, other
movable items® 1 hour
Replacing TV antenna 5/6 hour

Unboarding windows or taking down storm ‘ .
shutters. Cost of storm shutters not included 1-1/2 hour

Shopping for items, such as candles, extra
staples, canned goods, etc. (Assumed to be

done primarily by housewives) 1 hour
'E.33 hours
@ $1.50/hr. = $6.50
labor
Material

Candles, additional refrigerator power,

stored water $ .50
(Reusable shutters are not charged to
immediate protective measures)
Estimated total cost protective measures
for $15,000 house, not including time
of occupants lost from work §7.00
For houses without shutters, subtract _
1-1/2 nours @ $1.50 = $2.25
Total: $h.T75
Average cost = $11.75 = 5.87/15,000 or .391/1000 - use for
2 residential construction protective
measures

*Clearing the yard, removing the TV antenna, and boarding the windows
is charged @$1.75/hr. to time lost from job due to alert. $1.50/hr. is
used because it is assumed that housewives do substantial portions of the
described work and the market generally pays less to women than to men.
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SUPPORTING DATA: DATA ON COMMERCIAL STRUCTURES
A. TFood Fair Store in Coconut Grove, Miami
(outlying chain grocery store)
City Tax Assessment Folio No. 5-56-0825

Assessed Valuation: 1959 - $ 127,800
1961 - ° 127,800

legal description: Chas H. Frow Sub PB13 Pg5Lk Tulip Realty Corp
lots 13~14-15-16-17 & 18, P.0. Box LOT N.W.
Branch Blk 2
Iless S 5' St. & Less WS' Lot 13St. Miami L7,

Fla.
Barney Flaum says cost of protective measures
Maximum - older store - $U5
Miami Assessed Valuvation:
Typical Miami Store $ 127,800 (Grand Ave. Store)
Market Value: $ 170,500
Protective cost: $ .264/1000

B. BSears, Roebuck and Company, Coral Way and Douglas Road
" {outlying Sears retail store)

City Tax Assessment Folio No. 4-48-1660

Assessed Valuation: 1959 - $1,566,000
1961 - 1,566,000

legal description: Coral Gate Sec D
Tract A PB50 Pg3L

Harris, Operating Superintendent, Sears Roebuck Retail Store,
Coral Way, Miami - cannot give firm figure on protection.
May involve 10 men working for 8 hours. Has to move potted
shrubbery from gardening depariment; boxed merchandise from
outside, close steel shutter doors, etc.

Estimated cost of protective measures:

10 x 8 = B0 man hours

80 @ $2.00 $160

standby personnel 2k

318L
Assessed Valuation: $1,566,000
Market Value: 2,090,000

Protective cost: %.088
1000
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Jordan Marsh, Biscayne Boulevard, Miami
(dovmtown department store)

City Tax Assessment Folio No. 3-36-0581

Assessed Valuation: 1959: $3,362,500
: 1961: 3,362,500

Drake, Operating Manager, Jordan Marsh, says cost of preparing
department store for hurricene is $1,200. (Includes placing
shutters, sand-bagging doors, removing loose objects out-
side, etc.)

Jordan Marsh is relatively a nevw department store > stories

high.

Assessed Valuation: $ 3,362,500
Market Value: 4,500,000
Protective Cost: $.267/1000
A & P Store
Zoutlying chain grocery store)
Miami Assessed Valuation: $ 102,000
Market Value: 136,000
Protective Cost: $.294/1000

Berner-Pease
industrial and refrigeration supplies, industrial-wholesale)

Miami Assessed Valuation: $ 80,100
Market Value: 107,000
Protective Cost: $.280,1000

Hotel Building - Miami Colonial Hotel
(downtowm multi-storied hotel)

Abe Allenburg, Manager, Miami Colonial Hotel, says $500 is involved

in preparation for hurricane.

Assessed Valuation: 1961: $ 1,000,000
Market Value: 1,335,000
Protective Cost: $.37,/1000

Seybold Building

{downtown office building)

Managed by Keyes Co. Protective costs from Gene Rankin, Keyes Co.

Miami Assessed Valuation: $ 1,016,700
Market Value: 1,354,000
Protective Costs: $.111,1000

Boarding up during élert, labor, etc. = $150
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SUMMARY COMMERCTIAL PROTECTION COSTS

Protection Total
Market Value Cost/$1000 Cost Protection

Miami Colonial $1,335,000 <37k 500

A & P Store 136,000 .294 Lo

Jordan Marsh 4,500,000 . 267 1,200

Berner-Pease Co. 107,000 .280 30

Food Fair Store 170,500 . 264 L5

Seybold Building 1,354,000 J111 150
Sears, Roebuck

end Company 2,090,000 .088 184

TOTAL: $9,692,500 2,149

2149 = .$.222/1000
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VI. SUPPORTING DATA: HURRICANE PROTECTIVE MEASURES CITY PROPERTY

Account codes for September 1960 hurricane show expenditures of
$l,525.00 charged. This includes only amounts charged to accounting codes
such as removal of flood lights from Orange Bowl Stadium, renting truck to
move maps from some city buildings, etc. Salaries for all departmental
personnel who are used around buildings for minor battening-down are not
charged to account codes; this work is included as part of their regular
salaries.

City of Miami working force
1950 2,900 (including 1,000 policemen and firemen)

1960 4,200 (including 1,500 policemen and firemen)
Wages From 1960 yearly payroll
Average yearly salary $h, 850
Average hourly basis $2. 34 /hour

City of Miami buildings

City Hall

Large administration buildings

Smaller administration building

Department of Law building

Municipal Justice building

Main library

Branch libraries

Parking garage

Fire stations

Dinner Key Exposition building

Auditorium

Rented hangars at Dinner Key (maintained by city)
Police Precinet Station

Stadia {(Orange Bowl and Miami Stadium)

Stockade

Incinerators

Water and Sewers buildings

Sewage treatment plant

Minor, park, community buildings, comfort stations,
(including 8 municipally owned swimming pools, Dock-
masters offices, auto testing stations, garage, ete.)

TOTAL, CITY BUILDINGS
plus yacht docks at Dinner Key and Bayfront Park

H
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*
Protection Costs

Administrative buildings, bulk of protection

City Hall has all records taken out of basement
and stored in mezzaine. This is performed by
prison labor, but charge will be made:

13 man-days @ $ 16 = $ 208.00
30 man-hours @ $ 2.3k = 70.20

Other 7 administrative buildings
and Libraries

30 man-hours @ $ 2.34 x 7 = 491.40

90 man-hours @ $ 2.3k = 210.60
31 buildings, not administrative

10 man-hours @ $ 2.34 x 31 = 725.40
26 minor buildings

4 man-hours & $ 2.3k x 26 = 243,30
Yacht docks

38 man-hours @ § 2.3L = 88.92
Expenditures such as moving Orange Bowl
lights, renting trucks, etc. = 1,525.00

Total $3,562.88

Not including persomnel time lost to city as result of alert.
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Appendix B

FIORIDA POWER AND LIGHT COMPANY: MOBILIZATION COSTS AND REVENUE LOSSES

This appendix presents details of figures used in the case study
of Section II. It further elaborates on mobilization costs and revenue
losses to the Florida Power and Light Company using present hurricane

warning systems.

MOBILIZATION COSTS AND REVENUE LOSSES=--12-HOUR WARNING

Mobilization Costs

The Florida Power and Light Company estimates it would spend an

average of §10,000 for transmission line crew restoration work during
a hurricane, given a _2-hour warning. This figure is based on esti-
mated total costs of rmoving some transmission line crews from North

5,
S

Florida to South Florida and back during the September 1960 storm.7

Dollar Loss to Company as Result of Revenue Orop

Dollar revenue Lo the Florida Power and Light Company in the
Greater Miemi area is 38,000,000 per month. Based on this figure, an
average day's revenue is $266,000. This is o close spproximation as
pover rates and loads vary during the year.

Even with restoretion conditions as given above, a severe hurri-
cane would prevent 95 ver cent of the customers in the Miami area from
receiving power for the first day after the storm. This would decrease
to 75 per cent the second day and 45 per cent for the third day after
the storm. Succeeding days would show minor losses in customer service.
Revenue loss is then estimated by multiplying the pef cent of customers
not receiving service by an average day's revenues. These percentages

are estimates, of course; they will vary with the severity of the storm.

%
James Lasseter, Assistant Distribution Engineer, Florida Power
and Light Company.

AL
W
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MOBILIZATION COSTS AND REVENUE DROP--36-HOUR WARNING

Mobilization Costs

The company estimates it would spend $30,000 to move and trans-
port present transmission line personnel from the entire state under
more advanced warning (36 hours), and to hire private contractors'
crews for restoration of transmission facilities during and after a
hurricane. This approximate figure is based on the company's present

personnel and the availability of contract personnel.

Dollar ILoss to Company as Result of Revenue Drop

Under the restoration conditions given sbove, s severe hurricane
would prevent 75 per cent of the customers in the Miami area from re-
ceiving power for the first day after the storm, and only 45 per cent
oi the customers from recelving power for thc second day after the
storm. Succeeding days would show minor losses in customer service.
Revenue loss 1g then estimated by multiplying the per cent of customers
not receiving service by an average day's revenue--a much lover figure
than in the first case. Again, these percentages are estimates and
will vary with the severity of the storm.

Other company losses as a result of a hurricane are intangibles
such as loss of goodwiil and loss of some customers to bottled gas and

natural gas companies. These are not included.

Figures in Net Ioss Matrix, Page 19 of Text

al = localized mobilization of transmission line personnel
$10, 000

a2 = almost statewlde mobilization of transmission line per-
sonnel, and use of contract forces = $30,000

Net Revenues

(under 12-hour warning condition, $10,000 is expended for

entry alwl
transmission line restoration)
$571,900
10,000 (cost of transmission line mobilization)
net
revenue: 5581, 900

bid.
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entry &y (under 12-hour warning conditioms, $30,000 is expendéd for
transmission line restoration, instead of $10,000)
$571,900 (revenue loss, warning period too short to reduce
loss)
30,000 (cost of transmission line mobilization)
net

revenue: $601, 900

entry a,v, (under 2k-hour warning condition, $10,000 is expended for
———————=  transmission line restoration)

$532,000 (revenue loss )
10,000 (cost of transmission line mobilization)

net
revenue; $542,000

(under 2L4-hour warning condition, $30,000 is expended for
transmission line restoration)

$438,900 (revenue loss**)

30,000 (cost of transmission line mobilization)

entry N

net

revenue: $L468, 900

*Under 2h-hour warning condition with $10,000 expended for restoration,
it is estimated that 90 per cent of the customers will not receive power for
the first day after the storm, 7O per cent will not receive power for the
second day after the storm, and 40 per cent will not receive power for the
third dsy after the storm. Revenue loss is then obtained by multiplying the
per cent of customers not receiving service by an average day's revenue of

$266,000.

**Under 2h-hour warning condition with $30,000 expended for restoratiomn,
it is estimated that 75 per cent of the customers will not receive power for
the first day after the storm, 65 per cent will not receive power for the
second day after the storm, and 25 per cent will not receive power for the
third dsy after the storm. Revenue loss is then obtained by multiplying the

per cent of the customers not receiving service by an average day's revenue
of $266,000.
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(under 36-hour warning condition, $10,000 is expended for

entry av
——— 13 transmission line restoration)

$516,000 (revenue loss")

10,000 (cost of transmission line mobilization)
net
revenue: $526, 000
entry a W (under 36-hour warning condition, $30,000 is expended for

3 transmission line restoration)
$319,200 (revenue loss)

30,000 (cost of transmission line mobilization)

net

revenue: $3h9, 200

Lost customer days may also be summarized under varying conditions

and expressed this way:

V5 Vo), W36

.95 .90 .38 1st day loss

a, + .75 + .70 + .68 2nd day loss
+ .45 + b0 + .38 3rd day loss

.95 15 .75 lst day loss

a, + .75 + .65 + b5 2nd day loss
+ b5 + .25 0 3rd day loss

*

tion,
power
power
power

Under 36-hour warning condition, with $10,000 expended for restoru-
it is estimated that 88 per cent of the customers will not receive
Tor the first day after the storm, 68 per cent will not receive

for the second day after the storm, and 3 per cent will not receive
for the third day after the storm. Revenue loss is then obtained by

multiplying the per cent of customers not receiving service by an average

day's

revenue of $266,000.
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