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A hvonothatical ezampie agsumes a ccesy for this imuact when the condition
occurs without warning, Another (lower) cost is assumed when timely warning
is given and recommended alternative action is taken. A third cost {8 that of ’
the alternative acclon, which becomes a penalty in the event of a false alarm,

These costs are then aggregated over a year's experience {(hypothetical) at a
single location and at severa! levels ¢ oredictive performance to show the
progressive improvement in cost savings. A method is then shown to extrapolate
the results {from an actual case) v tus ngtional total.

In some operations preliminary analvsis may show that the total of losses
recoverable by the use of improved prediction is smail: Eitner curi.at predictive
ability is high (becauss requirsd w~rning time is very shurt) or because technological
transourtation improvements permit cne operator to disregard environmental variation.
in these instances, particularly when the level of operational activity is high, exer-
cising the event-by-event techrique described 13 not justified. Instead, a runge of
potential benefits, above that possibie with current predictive skills but balow that
reqiiring compiete forfeknowleﬁqe of the environment, can be stated. Many trans-
po: tation activities faii into this category,

The quantitative results of the analysis are presented .a Tables S-1. 5-2, auu
5-3 »ccording to the three major traneportation modes—-air, ground, and marine--
discussed in Chapters 6, 7, and 8. These tables show the recoverabie costs or
logscs for levels representl.g predictive improvement of 25 percent, 50 percent,

and prediction without error.

fv




Tabie S-1

ANNUAL RECOVERABLE COSTS--AIR TRANSPORTATION

{1585)
al o
Level Savings In Gex.iexj , Commf:rcial Military Total
Aviation| Carriers i Transport
T
1 Fatalities 4 i 4
Aircraft Losses! $22,000
25 Percent | Operating Costs $4.0 million| $0.4 million! $4.x million
2 Fatalities ] 8
Aircraft Losse "44,000
50 Percent | Operating Costs $8.0 million] $0.8 million} $8.8 miilion
Fatalities 15 15
3 Alrcraft Losses| £88,000

Operating Cost~

$15.5 million

$1.% muilion

$17.0 million
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ANKUAL RECOVERABLI COSTS--MAWINE TIAN

Table $-3

{1985)

SBORTATION

Level

Savings In

¥ E—

Toinl

: . s .
1 Vessel Transit Time | 0.7 miliion :
Vesse! Damage./Loss | $7.5 million ! 310.5 million
Naron Namae ,\_,"Y s 1 QN s110
25 voreent (.. 1iTg0 .. AMaE e Loss V Pé.0 N D ‘ '
Fatalitios | t5-1s § 15-18
! |
— NS - S T rm e+ e e e s et . m—————— et iy e o et R
- Vessel Transit Time $1.4 milion :
Vessel Damage/Lous $15.0 million P %208 millien
5 Deroent Car~o Damage Loss $4.6 million :
U rereent . ; - :
Fatalities g 30-35 ;
q $41.3 miliiot
3

i
i
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INTRODUCTION

Central to any planning for an environmental observation and prediction system is
the ineasurement of potential benefits that will be achieved from the .mproved en-
vironmental information. This measure of economic utility is required not only
to define optimum data requirements and to make research and budgetary decigions,
ut also-~in a lavger sense--to determine the opiimum mix of sensors and plat-
forms that will evolve. The task, however, is difficult. For proper congide: .~
tion, essentially three distinet tasks arec necessary:
e determine the increased velume and guality of properly spaceda

data and relate it to improved levels of environmental predic~
tious and climatology:

e relate the value of imoroved environmentai predictions and data
to benefits to the user; and

» determine the appropriate mnix of sensors and platforms in the

optimum environmental systems.

This study is concerned only with part of the second task and is further limited
to a single user class--the transportation sector of the U.S. economy. The latter
restriction eliminates a number of parameters that should be included in any gen-
eral study of environmental informatien benefits--underwater currents ar? tem-
peratures and salinity, to name a few. Instead, because of the nature of transpor-
tation operations, the emphasis falls upon the prediction of weather, including sea
state and surface currents, and disregards some very interesting elements of the

whole envircnment.




A 1666 report to the Committee on Atmospheric Sciences, the National Academy

Q
'
(¢4

ciences described . e of the problems in assessing costs and benefits:

Such costs are not likely to be borne by any country or combina-

tion of countries until [t becomes evident that they would be offset by

the economic benefits tc be derived from an extension of forecast

range and accuracy. One is thus invelved in a dilemma: until global

or hemispheric data for scientific siudies and numerical prediction

experiment ‘‘on become available, no significant gains can be made

in our understanding of the global circulation and in exiended-range

forecasting, and until such gains are made we are not likely to be

supplied with the additional observations. 1

The costs referred te here were thoce that would have been involved in taking
measurements before the advent of an earth satellite. The report goes on to suggest
that the satellite-balloon-buoy-radicmetric system of measurements will be far tess
costly, The principle in the quotation still stands, however., The new system will
not be inexpensive and it will hav~ to compete with many attractive programs in the
national budgets.

With the limitations we have described, it was not auticipated that quantifiable
potential bencfiis would be uncovered in anicunis sufficient to justily, on a cost-
benefit comparison, any significant portion of an exiended globai observation net
work. No considerction was given to the advantages of having more complete
climatological data, or of the uses to which real~time environmental information
way be pui., Neitner was it suggested that the transportation sector would provide
the most fruitful area in which to look for economic benefits. Earlier studies have
suggested that advantages to agric.iture, construction, and the general public may
after all be n'1ch greater.

OQur studv .ought instead to develop and demonstrate a methodology that can

be used w g .tify economic bendfits frory improv ’ prediction of varying en-

vironmi.ental parameters in any sector of the ecoiomy sensitive to those variations,

1. J.G. Charney et al., The Feasibility of a Global Qbservation and Analysis
Experiment, Nationul Academy of Sciences (Washington D.C., 1966).
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and in such a way that e results wiil be credible to those who should use the
predictiors, as well as to those who make them.

Since such a goal would appear to be cbvious, an explanation may be helpful.
The fact is that, in ceneral, the language ard form of ~avironmental predictions
are not direct,, relatable to the opticiie gvailable to the user. Uniess tnis gap is
bridged, improvement in predictive skilis will elicit nc response from the user's
decision-makers and there will be no econcmic impact from the predictions, one
way or another. On the other hand, in speliifving what the predictions wust con-
tain apd how they will be gresented, to give them oractical value to the vzer, we
must be aware of the effect these i equirements will have on the meivorologists/
oceancgraphers. This is particuiarly i~ nortant if we are also to postulaie levels
of improved predictive performance. Those responsible for making the predic-
tions must eventually say what level of improvement seems attzinable; to do this
they must know precisely what will be expected of tiiem at that level, and what
information will be provided to enable them {¢ reacu it.

Although the methodology presented has general application, the report will
show that carrying it through ifs severzl steps may sometimes not be warranted.
If preliminary analysis shows that the total of potential economic benefits moving

from current predictive skills to perfect prediction of the envirorment is amall,

there is little purpose served in compuling the partial values af intermediate levels.

Such a situation can occur when current predictive performan.e is high, when
technological development has largely succeeded in neutralizing the adverse effects
of environmental phenomena, or when the environmental impact is overshadowed
by other operating consideraiions. Onc¢ or more of these conditions appears in a

number of the transportation operations,

..v.,.‘m_,_,.._.,‘,.
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LITERATURE REVIEW

The theory has been widely held, pavticularly among those engaged in environmental
prediction, thal improvement ir the rel.ability and range of ocean-atmosphere fore-
casts will generate social and economic benefits of high oerder, and that investmont
to achieve such improvement will be recovered many times. Optimism is a com~
mon characteristic of much that has been written on the subject, but the clairas

are ot'en difficult to justity trom the evidence presented.

Economic Benefits from Oceancgraphic RHesearch, a publication of the Nationa

Academy of Sciences in 1964, states flatly th. ' "a 50-percent improvement in the
accuracy of ‘ong-range weather forecasting might well preduce savings ot two hillion
dollars a year. Thig could be accomplished in 15 your, .7 No deseription of the
current ability in leng-range forecasting is given, except fo say that it is low, nor
is it made cleai what a "50-percent improvement” wouid be,  Similarly, the de-
tails of how the benefits were computed are v ising, although bread reference is
made ¢ 3 number of segments of the cconomy.

Tne Vorld Meteorological Organization Bulletin for October 1968 contains
summaries of the presentations made at the twentieth session of it e<ecutive
comn.ittee by leading meleorologists from Austraiia, France, the United Kingdom,
the USSR, and the United Staies. The common topic was the economic benediis of
National Meteorological Services. Again, the stated benefits were lavge: 300 milli. »
dollars annually in Australia, 2 billion francs in France, 5 million rounds in the

United Kingdoin, ? billion rubles in the USSR. There is no intention here of




gurestioning these estimates, excewnt to say that the logic by which they were de-
rived is not presented, It should ke pointed out too that these benefits are asso-
plated with the products of the Nationa) Meteorological Services as they existed

at that time and not with the promise of improved prediction.

Two Planning Reports of the World Weather Watch (No. 4 [1966] and No. 17
[1967)) provide & summary of .e work that has been done. Both of these reports
were written under the direction of Prefessor 4. C. " aompsen of the World
Meteorological Crganization. Planning Report No. 4, in particular. is an ev el-
lent compendium of the types of henefits that may be derived from the proper use
of environmental information. The treatment of transportation problems is limited:
th> rationale by which potential henefits nave been computed (or estimated) is not
giver. Where reference is made to improved forccasts, there is no menticn of
who' ¢his improvement might be, or how it could be measured. For example:

Improved forecasts for railroads, highway trucks and buses in

the United States could reduce current annual Iosses of approximaicly
$60 milion by o maximum of perhaps $15 million. 1

or

For cousial and ocenn-going shipping, it has been estimated that,
{for ships of United States registry, the saving due to better weather
. . n - 1y -
services could be as high as §40 million. =
In fairness, we should hasten to say that these weaknesses, if they can be
called weaknessos, did not escape Professor Thompson and his group. He savs
in his introduction to the report:
At present, only order of magnitude arcuracy can be aftributed

to these estimates, Further studies are necded in order to provide
moue precise and meaningful figures,

1. M.E. Senke, Weather Satellite Study: A Special Report, U.8. Weather
Bureau (1966,

2. U8, Weather Bureau, Plan for @ National Marine Weather Service,

ESSA (1967).
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A report prepared for the Natioinal Acronauties and Space Administration,

1969, lists areas in which "substantial benefits world acerue’ in the fields of

& trangportation, movie-making, recreation, agriculture, construction, water

. . U |
management and conservation, and public utilities.” But the report says also:

f-me resezrch effort has been directed atl identifying and quantifying the

venefits in a few of the areas outlined above--hut without marked success
thus far. What is needed in this economic bhenefit area are user-oriented
case studies in selected sectors that address the specific question raised
above.

That question was: '"What are the quantifiable dollar-henefits that would accrue to
selected industrial sectors in the United Statos from ua system that would provide

a 5- to 7-day weather forecast with accurn~v comparable to the currently available

1-to 2-da- forecast within a two-county area™"

We acree entirely with the concept that the user's point of view must be ob-~
tained for any realistic analysis, but we suspect that responses to the query as it
is stated wc . .id, in turn, include a list of hard questions. 2

In 1964 the v, 8, Weather Bureau prepared a report for the Interdepartmental

Committee on Atmospherie Sciences (ICAS) of the Federul Council for Seience and

Technelogy. Called The Nationu! Research Eficit on Improved Weather Description

and Prediction for Social and Economic Purposes, it »ecommended continuation of
rescarch on the scientific aspects of the predietio. problems at the then current -
level, with special attention given to small-soale phoLamena and globul cireulations,
It asked that significant inereases be mude in the effort to develop sestems that S :

provide the links between the meoteoroiogicai-ocenneographic services and the users ’
of the information they provide. Finallv, in an area it termed svnthesis, it rocom -
mended e immediate establishment of a long-range program of research on the

eccononite and social fapact of weather information on ali segments of society:

1. National Academy of Seiences, Useful Applications of Harth-Orientc !
satellites (Washington, D.C., 1565,




This research snould expiore, gquantitatively, the needs of uscr groups

for weather infurmation, thc sensitivities of these groups to weather

avents, and the nature of the deciziui processes which are dependent

on weather information,

Nevzrtheless, no research effort in this latter area could be identified.

The report also developed and presented the chart reproduced here as Figure 1
to show the relative positions within the national eccniomy »f thirteen user groups
according to the economic benefits they might produce from the use of better en-
vironmental information. It is interesting to note that, from the computational
method used, the three groups that comprisc the national tranzportation sector ¢f
the economy 21l collectiveiy below the median in GNP and above the median in en-
vironmental sensitivity  But the sen:itivity ranking was established by the analysts
themselves, and later confirmed by a survey of approximately 75 experienced
metecrologists. The question arises as to whether the decision-makers within
these user groups weuld also ag:ee. St71, the ceport states the problem well;
it would be hard to fault its recommendations.

An eariier report, in 1962, for the Federal Aviation Ageney by E. Bollaw

Associates is entitied Economic Impaci of Weather Informotion on Aviation

Operations. The technique follov. A in this siudy was first to compile {rom oper-
ating data the total weather penrities fo aviation, and then to isclate from this total
those that could be atiributed to inasdequate weather information,  This {igure, for
the base vear (1260) was then projected for five-year intervals to 1975, 4 parallei
ailvsis was made to project the costs of establishing and operating the Commeoen
Alrwavs Weather System (CAWSY to show a rough cost-benefit ratie.

Prom a vantage point some nine vears later, it would be unfair to eriticize
the conelusions of the report beeause some of the assumptions and proiections
have not been borne out by events,  The aporeach was professional and there is a
credible desceription of the wavs in which weather conditions timpact upon the
economics of alr operations.  The potentint henefits, however, are Keved to the

assumption that CAWS would ultimately result in a 30-percent imprevemont in the

REp. FIes




1962 GNP+ onk
! ¢ 3 4 5 6 7 8 9 10 11 12 13
. { |
i
|
|

e I e e s (F
LN A
SRR N U G S SR
‘sm ! "”’l" Agucu!tura 1 | ! J 1L
"'””'m SRR A 0 _@ A
|

l Hi“h | Air Transporiation |

: | : i . .
e T e T —— ‘.®___
| ! ! i i !
‘ ; : !
i

Forestry

e e =

W

(
Y

P {
y !
& j }
i |Construction ;
¥ 1 : i
6 — " : ~——~®———~4~ e

i ; : i i
| : H
| ,

i

I
1
|
l
|
|

i
e fﬁ + R - e

X
c
g
&
v
U i .
S ‘ ; Land Transporiation :
- I i |
poed RS — + +os B T *: e - ‘_-; — .T_-_AfwA ————— e e e
P : : ! ! :
- ‘ : ] :
§ | 1 ‘ ! Water Transportation
g ESJN S S T T S
o] ! ! !
3 } Energy Productionr ;
9 f and Distribution ‘ _" |
[ Wp— NSNS i RO e S
1
Merchandising f ; 5 |
io i S i s - Lok e I ..h,.,_‘_..,ﬁ@,,,.,,*._ﬂ .
': | : s CWater Supely
i : ; : . [
w4 ~@‘*~ and Contro
“ ? i i : 1 .
; i : N . i : .
! H (‘*"m U at:ons
1
12 4 ; $ ‘ H : -
Manufacturing i : Re .o
i (R — : f . . :

Figure 1. ECONOMIC BENIFT POTENTIAL OF USER GROUPS

e st




At vos AP

aumber of missed terminal weather forceasts, an assumption that muany meteoro-
logists would doubl. The projections are also disiorted because iroufficient -
portance was given to technological improvements that have greatly diminished
the impuct of weather on air operations. Congestion in the air space, particularly
in th. *erminal ar :as, «as grown at such an accelerated raie that its cffects greatls
overshadow those ot adverse weather, and it limits the abilitv to react solelv to
the forecast, however good. Finally, air carrier marketing policivs, generated
by vigerous industry env.petition, have fostered operations to disregard rather
than accommodate to the weather.

In 1965 a study for the U, 8, Weather Bureau analvzed the impact of weiather
on the U 3, construction industr\;.l It tdentified and quantified this impaet and,
more important, quantifieq "he ameunt by which the impaet might be reduced with
improved use of envirenmental prediction. T that peint the methodolegy is
adapt zble ro the fransportation industry. It consists of identifving the narticular
operations within the indusrry that are adversely aftected by eather, determining
the characteristics of these weather phenomenn and the frequenes Jfrom olimato-
datay at which thev occur. and the abilitv of the mereoroiogioni services (o

predict their ocourrenee with adequute warning timie. Weather-loss figures (rom

i seleored clties, over a five-yvear periad, were extrapelated to the entive country,

Aand 2 orange of estimates were obtained from the industey for the portion that could
bl A kS

] 3 s . 33 $ 3 Y T * 9 - PR -
ave been saved using current predictive abilitv, Potentiad anoual savings to

tHon wore estimated o rangee from 305 billion te 31,0 hillion, assuming

construe
full u=e of current forecast accuracy. 10was further estimated that i perfeer

proadictions coul” bemade, these fignres might ineresse to rang w0 N billion

> " R I AP N .y - e R . eyt 1 I T TR SR
te 31.3 bilbton, An update of tmis studv in Mav 198y surpested that it aditition

to improved docuraey the range of the prediction s was oxtended bevond 24 hoaes

=3

the upper Hmit might be 81,9 hillton 10§02 hidon.

1 4 N Ly $oary - . TNy YYY Y o Ty . TR -
oA Russo ep gl Operational and Feonomie Dipact of Wt
Construction Industiey o the U8, ULR Weather AN




The Russo studs supports, primartly, the propositn v th. weather Infoerma-
tion, including predictions within the current ability ot metecmalogists, should be
provided on a timely basis to tue construction industry. and that the industry should
ase it.  The update poner of 1889 suggests that furtner potential benefits, from
inc.easing the time range over which the forecasts will be effective, cun be used
in partial justification for expanding the environmental ebservation network.

Overall, this review pernutted ug to redch three conclusions that intluc. ced
the wav we have gone about doing the analvals:

{1y A method needs 10 be devised T

be measured quantitatively, ar .

performance can be related to

{2y Performance levels should. i1 possgible, be given in terms that de-

RS 1

seribe to the meteorolog ~ or oceancgruapher what is expected of

him, in light of the technioues ana informuation avallable,

¢ The user's point of view is essential, Not onlv m he meteoro-
logist understand 0 costs and visks of woather-oriented deeisions,

but he must know that unle=s his predictons influence decisions,

i1 : f :
thev will hiave no imp. o onthe user's operation.,
T
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In the course of its study for the National Aeronautics and Spece Administration

on Useful Applications of Earth-Oriented Satellites in the sumroer of 1967, a papel

of the National Reseavch Council asked the Penngylvania Power and Light Company
to say what economic benefits to power companies would resuit from an cceur e
7~ to 14-day fore -ast. Their response focused immediately on the definition of
accurate:

We are inferesied in temperature forecasts for the following day

to be accurate within 1 or 2 degrees and we require the prediction of

the time of the paszage of a frontal system to be accurate within ap-

prozimately 1 hour.

We should then as¥ whether these requirements ave compatible with the pros-
pects for long-range prediction. What is meant by long range? Our present
knowledge gives no indication that prediction for a period liager than approximately
two weeks can demonstrate a skill that improves on climatology, despite the fact
that there are, and ha.e been, a numier of singere practitioners of the art. To be .
sure, ne ~ne has yet demonstrated an ability to prediet for as long as two weeks
ahead, bl there is copsensus that a linvit dees exist. E. M Lorenz, Professor cf
Weteorology at the Massachusetts [nstitute of Technoiogy, said some ,zars ago:

We muzt distinguish be  -een intrinsic predictability, which depends
upo. the fatmospheric’ flow {tgelf; attainable predictability, which is
limited alszo by the inovitable ineccuracies in measurement; and practi-

cal pregictability, which is further limited by our vresent inability to '
identify the most suitable formulas. 2

He was referving to wie numerical, or deterministic, prediction technique.
The theory upon which this techiigue is based says that motions and changes in
the ocear atmosphere follow dynamic laws that car be expressed in wthematical

models. When measured values that deseril » the present state of the ocean w.d

1. Letter feom N, Curtis, Pennsylvania Power and Lignt Company, July 1267.

Transactions of the New York Academy of Science, XXV, Series 2 (1563).
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atmosphere are inserted, the medels can be cxercised to compute the vaiues that
represent subsequent states. Application of this technique has been 'imited by a

¥ waucity of data, both for the development of the models and for testing thetu. I is
estimated that not more than 20 percent of the atmosphere is aow adeguately

covered by observations. A greatly expanded network of measurements will be

required, involving satellites, constant pressure balloons, and buoys. The com-
munications system necessary to assembie the information and computers that
wil) operate at speeds 2 hundred times that of the fastest now available wiii nave
to be developed. In the meaatime, additional refinement of the technique is planned
witiiin the Globc' Atmospheric Research Program. t

Whai the practical limitation of deterministic forecasiing may eventually ke
is still a point of argument among .ts ;~oponents, although the fwo-week range as
an outside limit has general agreement. The kind of prediction envisaged at this
range, however, will not have great economic utilitv for short-run operating
decisions. 1t will project the large-scale movement of existing systems and the
genesis of new ones. It is not intendec to produce the kind of accuracy demanded
by the “ennsylvanir Power and Light Company. The previously cited letier also
peinted cut that forecasts could be helpful in scheduling maintenance outages for
senerating eguipment and transmission facilities, but that reliance oi them could
be economically unsound or ~ven catastrophic if they were inaccurate by a factor
of ! or 2 days.

But if the promise of long-range deterministic prediction does not show direct
application to many operational prohlems, its impact on the accuracy of shorter
range, more specific forecasts may be dramatic. Smagorinsky says:

The feeling has . . . been generally prevalent that the limit of
skiil for the 1-day forecast was essentially attained a long tin.c ago.

1. Nerional Academy of Sciences, Plan for U. 8. Participation ia the Global
Atmosphneric Research Program (Washington, D.C., 1969).
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The recent experiments that were performed on the nature of the
adjustment procese in assimilating initial data, however, are begin-
ning to lay questions on this conclusion. It appears that a significant )
portion of the remaining discrepancy between a 1-day furecast and
reality may be due to the transients which are excited by transplanting
data from the atmosphere into the more complex models. 1

Certainly, the products of deterministic

prediction will gontinur to serve as

invaluable tcols for those engaged in the traditional methods. Lorenz describes

the traditional technigue as a suw.jective procedure--a craft rather than a science:

The forecaster begins with the present and recent past observa-
tions; so that they will not constitute an unmanageable jumble of facts,
they are arranged as a set of weatl, -~ maps. The forecaster first
. analyzes the most recent map--he or one of his colleagues will have
& : analyzed the earlier maps before issuing the previous forecast--iden-
tifying such systems as high and low pressure areas, warm and cold
air maases, and fronts., He then estimates the future position, inten-
gity, and suape of each system, taking care to introduce new systems
whose formation seems to he indicated, and to remove sysiems which
appear to be disintegrating. From his progrosticated weather paiiarn

he ultimately deduces the weather conditions at specific points of
interest.
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At times he may make use of the governing physical laws, but
ordinarily he bases his estimate on the way in which the existing sys-
tems have been behaving, and on his knowledge of how similar sy..ems
have ven.ved on previous occasions. He must be able to decide when
the present weather situation truly resembles some eartier one with
which he is iamiliar, and when the resemblance is only superficial.

He must learn to recognize the various signs of storm development

amu decay, just as the physician learns the sympt-ms of specific
¥ illnesses. 2

1. J. Smagorinsky, "Problems and Promises of Deterministic Extended-
43 Range Forecasting," Bulletin of the American Meteorological Society, 1, No. 5
] & (1969).
| 2.

E.N. Lorenz, "How Much Better Can Weather Prediction Become ?*
MIT Technology Review (July-August, 1969).
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We can identify the forecasts produced by this technique with one or another
of two categories, depending onr the use _r which they are intended. First there
is th2 general information forecust distributed to the public. It in~Tudes those
at-nosphesic and ma’ing {caiures of general . terest--temperatures, precipitation,
wind, tides, and sky conditions--and describes them for today, tonight, and
tomorrow, in ierms of conditions in the area o. the forecast. Second therc is the
special, or operational, forecrst, designed specifically to assist a particular
decision. The operational forecast will emphasize those environmental features
to which the decision is most sensitive; it will be precise instead of general as
to intensity, time, and place, and it may even include a specific recommendation
as to which way the decision should go, if the forecaster has sufficient knowledge
of the risks involved,

The lead-time requirements for these operational forecasis are fixed by the
nature of ihe uperation they are intended to serve--specifically, the time required
to implement the resulting decision. In transportation operations this may often
be quite short, aud a longer warning period will produce no significant ardditicnal
aavaniage. Certainly, it will not compensate for lower accuracy.

In addition to the deterministic and traditional techniques, there are the
statistica methods of predicuion. Among these is prediciion by analog, in which
the historical record is searched to find a pattern similar to that leading to the
current situation. The prediction is then made o the basis of what took place in
the case of the analog. Lorenz explains the technique's limitations as follows:

In practice the method has not been particularly .. 4. For pre-

dicting one day in advance, it might be sufficient o have the analogue

state resemble the current state over a rather limited ares- for pre-

dicting several days ahead the resemblance should cover a fair portion

of .he globe. Reasonably complete three-dimensioaal states of the at-

mosphere have been observed on a daily basis over the northern hemis-
phere for no more than 25 vears. The chances of finding a good analogue
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for a given state within thic period are extremely smaill. o be com-

petitive with dynzmical forecasting as it is currently practiced, the

analogue method would probably require many thousands of years of

recorded weather data. X

Quite recently, tne press has given coverage to the claims of a group of
meteorotugists in New Eugland, led by a professor emeritus of metecrology at
MIT:

After years of research tie thr~e scientists have assembled
400,000 bits of weather information. Th~ mass i= fed into elsctronic

computers for statistical relationshizs thut become the basis for
forecasts up to six months ahead.

To determine what the temperature wiil be at a given point six
months hence, for example, atmospheric gressure readings for 30
vears at 177 locations from Engiand to Jupan and Mexics to the Arctic
are anaiyzed.

Studie . -~ showr the scientists claim, that atmospueric

pressures at particular places and times ave velated to temperi-

tures at other locations at later dates. 2

The technique is illns.. uve of another approach to statistical prediction,
new primarily in the size ol the data bank and in the deduced relationships between
current observations aiw expected conditions. There is no reason to believe, how-
ever, thut the weaknesses described for the analogs will not apply, or that the six-
month predictions will demonstrate a skill above climatology.

From this brief leok at the different techniques empioved in envi onments!
prediction, and the torms in which the predictions are stated, we can conciude
that the operational ferecast is the only one to which economic impact may be
ascribed. It may be quite short-runged, but it must have both the detail and de-
pendability to persuade the operators to use it:; to convince them that by doing so

their operations will, over time at least, be more efficient and so far, more protitab

1. Lorens, p. 42,

o]

Washiagton Evening Star (October 15, 1969).
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At present most operational forecasts are preparcd usir~ tiaditional tech-
niques, with some guidance from numerical prejections, analogs, or statistical
relationships. As we expand the syr~ptic observational network that describes
our environment, we can expect that these assisting techniques, individually or
in concert, may assume a greater portion of the task. But the relationship be-
tween the prediction and the user's decision will remain paramount.

To re-cap, the operational forecist must have the ‘ollowing essential

characteristics:

¢ it must be decision~related--go~-no-go,

e it must be delivered to the user with ample time for him to im-
plement the recommended action, und

e performance reliability must be sufficiently high to justify
responsive action, on an economic basis, at least over time,
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MEASURING PREDICTIVE PERFORMANCE

I

Our requirement to asses. ‘.o economic impact of improved envircnmental
prediction sets ug first to the task of finding the baseline from which improve-

ment can be measured. Unless we can desciibe the current level of performaiice
in some “nite way, we cannot either describe a level of improvement or estimate
the ecenomic impact that that level muy produce. The complexity can be reduced,
hewever, if we confine our performunce evaluation to those predictions made for
the purpose of usaisiing particu.ar ~perational decisions. Thege forecasts are
normaliv outside *he scope of U8, Weather B eau operaticns, although the Bureau

furnishes much of the basic data and preliminary analvsic upon which thev are

based,  The military services and the major airlines operate their own meteorological-
oeeancgraphic denaciments to provide this kind of advice. There is a growing nur -
ber of private consulting firms whe furnish environmental predictions for varicus
commercial enterprises and local government operations,

We described earlior the operational forecast as a special type used to predict
the cecurrence of an environmental ¢ondition, or set of conditions, which, with
proper warning, sheould influence an operational decision. The operstional fore-
caster must have determined from the operator what critical level of intensuy the
conditfon ruust reach Lefore aliernative or prevontive action will huve been jus Jfied
and he must know the load tine required after receipt of the warning to put this
action into opevation. He should wiio have wa appreciation for the impact a deci-

sion based on nus pradiction may have on the coeration, not to influence the furecast
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but to ensure that essential siements will be included in it, His prediction then
hecomes a positive recommendation for taking one line of action or ancther and
his performance can be measured by the number of times this recommendation
is right or wrong.

Although the fact has not been emphasized in the claims for improved predic-
tion, it 18 obvious that unless the forecast does result in some change in the way
the operation is conducted, it will have no economic impact at all. Accuracy, or
reliability, of prediction is only one consideration. if the condition to which an
operation is sensitive is not expected, and it it does not oceur, the prediction will
be correct but i. will have had ne influence on an; operational decision. Such pre-
dictivns are excluded from cur mecsures of performance.

For any particular cperation, there are three separate sets of costs influenced
by environmental conditions. First, there are the costs of deiav, disruption, and
damage, when the operation is overtaken by adverse conditions wiiaout warning,
Second, there are the cests that acerue when warning is given with adecuate time
for preventive or alternative actions--alerting emergency crews, re-routing,
postponing. Finally, the.o ave the cost= of these preventive or alternativy actions.
How thuese cosis come into play in assessing the economic impact of environmenial
prediction will be treated in the next chapter. Theyv are meuntioned heve because
of the part { ey play in delermining what environmental conditions are appropriate
for the operational forecast and what conditions should be considered in measuring
predictive performance. The cost savings as 4 result of taking the alternative
action m st bo significant in relaron 1o the cost of these actions ar else the chance
that the prediction might be wrong creates toe great a visk. If the preventive action

hag a very small cost compared with the acvantage it produced, and when ihe ad

H
L 1

verse cendition occurs with high {frequency, it will require ne decision process to
put into effect. Many people who once worricd whether to mount tire chains when
threatened by ire or suow now put on studded tires in the autumn and remove them

in the early spring.
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All of this serves further to reduce the oppourtunities in whica environmental
prediction can produce economic benefita But for those situations in which such
benefits may be generated we can demonstrate a method f measuring predictive
performance both at current capability and postulated levels of improvement.

As an example, consider the problem of snow romoval in a large urban ares

)

following a sudden, severe storm. We assume that tiie minimum =24 time for
the highway department tc take the necessary preparatory actions has been estab-
lished at, sav, two to four hours, and that the intensity of a snowstorm requiring
these actions is an wccumulation of four or more inches in a 12-hour  riod. We
then look at the .ecord, for any given vear, and determine iy how n..ny times the
condition occurred, and (2} how many times it was predicted in tine. Since there
are costs involved, we also want to know how many false alarms were given.

In cur example, there are five heavy srowstorms between November 15th
320th dayvy and Mareh 15th (74th dav of the new veary. We can then reprosent
current performance, perteet performanee, and one or more intermediate lovels
22 shown on Table 1. Current poriormance, from the record, shows twe corroot
nredictions. three miss~s, and two false alarms. At level 1 there are three cor-
rect, two misses, and three false alarms.  In the next chapter we will show how
the degree of improvement, 1 economic terms, becomes apparent when costs re-
sulting trom deeisions these predictions lead to are put in,

The current level of performuance in the example ‘s based on statistics for one
vear at 2 single location. Fer the annivsis we have to be certain that the vear, or
vears, from which the statistics are chosen is rep, seitative. We have also to
cover oosufficiont nurher of focations to compensate for the natural variaton of
climatclogical characteristios.

We have established that we witl meusure periormance for operatiora {ore-

casts only since, nyv our definition, they alone will influence docisions that have

cconemic smpact.  The pheanemena we are interested in generally fall into the
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Table 1
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; EXAMPLES OF PREDICTIVE PERFORMANCE
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a4, An interesting featuve ol thia technigue of performance measurement is that it
permiis the forecaster to reexamine the analvsis he made on those oceoasinnz
when either he missad or gave a false alarm, t¢ see how his prediction might
have teen changed by the availability of additiconal ohservational dara.
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category of "bad” or "heavy' weather mnd can ve finitely described. ” There

must be in each rase 4 prove

alternative measure to avoud or e

costs they would otherwise Invoive.

;
1. There s o special tvpe of operationad forecast in which the problem is o
recommend a period of specified duration, betwes v starting and ending time, in
‘ whirh there will be a minimum of environmentia. < arbance, orin which cortam
‘ ~arameters wil' nos oxeceed prescribed v i as,  Prodicuve
perfermance can be measured by the soone method we have deseribod.
H
3
i
; 2o
§
H
4
;
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MEASURING ECONOMIC BENEYITS

This chapfer presents an approach to measuring those benefits to the transportation
industry that can be expected fo result frem improved environmental predictive
ability. The first section presents a sample spproach to measaring divect bene-
fits that builds upon the opu=ational forecast example of Chapter 4. The second
section defincs in some Zetail those types of benefits to be measured in this study

as distinct from those not within the scope of analysis.

SAMPLE APPROACH T MEASURING INRECT BENEFITS

in Chapter 3 we showed how performance can be measured for the operatir-nal
forecast. Now we will cxpand the iliustratior to demons’~ate how direct economic
benefits are derived from this nieac rement technique. We will consider first
snow remeoval in a single urban ares 2< an example of benefits in 2 micro situa-
tion where actions based on improved predictions can be related to subsequent
reductions in costs of operations., The snow removal exampie was selected be-
causc it is conceptually simple, data were available, and it incororates all major
clements of the problem (a cost associated with an unpredicted weather event, a
cost associated with a predicted event, and a cost associated with preparatory
action).

As the methodology used here is somewhat detailed and involves considerable
efiort in data collecison and analysis, a useful first step in all cases before apply~

ing ig to determine, in a gross way, the probable magnitude of the potential benefits.




This is done by 2ssuming perfeat prediction and perfect response by all decision-

making; if the benefits of their actions arz fours to be negligible, further applica-

tion of the detailed methodology is not deemed useful.

e L R

iven that the gross henefit potential is estimated to be non-negligible, ther
are three sefs of costs that must have been obtained from ope -ating experience.
3 Fivst is the cost of performing the snow removal operztion when the storm has
% occurred without warning and there has been no epportunity ic alert and deg icy

emergency crews und equipment. In our examnple we will call this 100 cost units.

Second .re the ¢osts of the same operatior when adequate warning has heen re-

ceaved and preparatory actions ha.z be . taken--75 cost units. Finally, there
. i .

are the costs genei~ied by the preparatory actions themseives--5 cost uniis.

Thus if stow occurs without warning, the cost is 100 units; if snow is correctly

predicted and action is taken, the cost is 75 + 5 = 80 units; and if snow is p.c-

o e U 05 DY VIR

dicted and actlon is taken but the snowfall fails t¢c materialize, the cost i3 5 units.
By totaling the annual operating costs for each array, we can see how such costs

fall with improved predictive ability, ranging frem 470 units at the assumed

present level to 400 with perfect prediction.

If we were to reproduce Table 2 for each of the cities of the Unifed States that
kae a significant snow removal problem, we could simply add up the results tc
achieve a range of potential benefits for the city snow removal operation. Since
this would i.ave been a formidable task, we sought a simplified procedure (the de-

tai'a of this and benefit analysis in other areas of transportation are presented in ¢

the following chapters).
For example, with actual snow removal operations over a three~year period

in Washington, D.C., the relationships between direct costs (of snow fighting and

e s it e

1. It will be noted that these hypothetical values satisfy the requirements
described in the preceding chapter. The potential saving is large, compared withk
the cost of the alternative action, vut that cost is still too high to allow building
the procedure into the system as routine.

28
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inconveniences due to snowstorms) and predictive ability were investigated. While
a large number of factors were considered, it was found that only a few were needed
to explain the cost pehavior us the snow vemoval operation. In additicn to the hit-
and-misg record, the intensity of voe storm and the lead time between mobiliza-
tinn and initial snowfall were the factors considered.

One can think of the analysis thiat was done as representing a mode! of urkban
snow fighting activity, calibrated for the specific case of Washington, D, C, Similar
information was obtained {or the cities of New York and Chicage. The purpose wa.o
to lend confidence to the approach derived for Washington, and to lend insight into
those factors needed to scale the benefits to a natinnwide basis. The factors used
in the process of scaling benefits to a U, S, total were population, snow removal
Liadget, and annual uepth of snow.

This, then, is an example of how we would like to have measured direct bene-
fits to U.S. transportation in all areas of interes. -~ground, sea, and air. In
actuality, as we indicated in the introduction, many areas of potential benefits
appeared, upon close scrutiny, to be poor candidates for analysis because the
potential for benefits was just not there (because decision-makers would not use
such information even when it is available), or the total potential dellar benefits
were not significantly large In other areas of potential benefits, the type of data
for doing an analysis similar fo thai above was not collected and therefore nnavail-
able to the study. The snow removal case is the principal instance in which we
were able to completely exercise the methodology initiated with the concept of an
operational forecast in Chapter 4 and completed with the example described in the

preceding paragraphs.

BENEFIT CONCEPTS AND ASSUMPTIONS

By study definition we are limited to transportation benefits, to economic
berefits, and to projected benefits for the 1975 to 1985 period. Some other pre-

diction effects are less cliarly defined as program benefits. For example, some
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improved prediction effects are truly net economic benefits and others are simply
transfer payments from some persons to others. In the following discusaion, we
previde the rationale for excluding several types of program effects as be..2fits

of this study, while including other types of program effects. We believe that our
experience and the experience of others in conducting similar studies have demon-
si. ated that the procedures followed provide the most valid methodology for mea-

suring program benefits.

Tynes ~f Berefits

The fullowing simple taxonomy of benefits will guide the reader through tio
benefits discussion. Direct benefits are defined in this study as increased reiurns
to the operators and users of a transportation system iesuiting from decisions
based on improved environmental prediction. Indirect benefits are simply those
that result from these transportation decisions for sectors of the economy other
than transportation. The scope of this study limits cur concern o the measure-
ment of direct be.efits only. Seconaary benefits represent the induced affects of
improvement from environmental prediction. Direct (and indirect) benefits are
the immediate result of decisions to use imprc -ed prediction; by contrast,
secondary benefits acerue only wi‘a the passage of time when those groups in-
curring direct benefits spend their additional incomes, thereby creating additional
reunds of benefits.  Secondary benefits are generally beyond the scope of this
analysis because of the complexities of measurement. An exception to this ig the
case where direct henefits to transportation lead te secondary benefits that remain
in transportation (for example, where travelers change modes of travel based on

prediction of bad weather).

Parues Relevant to Direct Benefits

A persen or organization that makes the decision to take an w.ternate action
with respect to a transportatic:: activity represents a transportation decision-

maker for purpeses of the tollowing discussion. A trapsportation decision-maker
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1ay be the driver of an automobile, the directer of a state highway burecan, the
owner of a large railroad company, ¢r the U, S. Secretary of Transportation; the
identifying factor is that he has the power of changing rescurce allocation docisions
with respect to his transportation activity in the light of predicted environmental
conditicns. Providing the informadion to influence such decisions falls in the same
classification as any othor type of technological change. Technological chonge may
bhe breadly defined as a recombination of inputs (or factors of production) to achieve
a greater output per unit of input. Tecinological chiange is often conceived of as the
addition of new machinery ._ an economic enterprise. Howevor, the use of improved
environmental forecasting as the basis for altering resource allocation decisions
has the saine type of effect on tne production of goods ~nd services as does fhe in-
gtitution of capital improvement technology.

The decision-maker provided with an improved forecast cannot be presumed
to take an alternative action unless the benefits he ancicipates exceed the costs to
him of taking that action. Consider, for exam;le, a {airly typical situation where
the decision-mzker’s response to improved prediction is consistent with ti.o effec~
tive and efficient use ol resources. If a local government has the responsibiiity
for snow »~moval, it could be expected to act generally in the interest of both the
taxpayer »nd fhe transportation user. If the snow removal activity were not con-
ducted in the most efficient (least cost) munner, the taxpayers would be expected
to make their sentiments known to the government through elections and complaints,
Dut snow removal activities also 2ffect transportation users, and to them the major
element of importance is that they get to where they are going in the safest and
fastest manner. 1f there are major backups or accidents, they can be expected
tc complain to those respounsible for snow removal. Thus, if the decision-maker
has the opportunity to take a new set of actions based on improved knovledge of
when and w..re a heavy snowfall will occur, he would likely do so both because
of the users' possibility of lowering costs and because of the possibility of im-

proving service. Both resulte are considered benefits in this study.
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The nongovernmental decision-naker is cubject to some of the samwe forces
that guide governmental decisions to be responsive to effective and efficient use
of resources. Cormpetition ame.g firms provides a check and balance on both the
cost~ of providing transpor ition and the qu-lity of the transportation service.
Government anti-triust and (cgulatory actions attempt to “asicr such compatition
and protect the interests of transportation users ard the public. However, cases
may be found where private transportation decisions are not responsive to the best
economic utilization of such resources from a total standpoint. Private transporta-
tion decisions, therefore, are reviewed somowhat more critically than public
decisions in this study to determine whether they vesuit in benefits to the nation.

An example of theze types of improvements in officiency and service is
represented by the following hypothezis that was developed prior to the measure-
ment phase of this study. Snowstorms cften de. ‘end upon large cities with little
previous notice of their arrival, Such storms could be expected to bath tie up
traffic and impose heavy costs upor city public works departments attempting to
keep the roads cpen. With only a short but accurate warning of such storms, the
;ublic works departments might find it advantageous to mobilize their men and
materials and place them at strategic locations to begin reducing the snow cover
as soon as it begins to accumulate. Such prior action might reduce the depart-
ment's costs for snow remoevel by reducin, reliance on high-cost but untrained
contractors, reducing evertime pay fer regular crews, and making more eificient
vse of muchinery and materials, Likewise, such prior action might improve the
departmient’s service for the highwey users by such means as (1) more rapid
transit of vehicles, saving the time and income of tavelers and shippers; and
(2) safer transit, resulting in reduced ecoromic (and soeial) loss from accidents.
The gross econumic benefils in ihis examupie are the additive effects of the
enumeirated cost savings and service improvemenis. The net economic benefits

are tbe gross benefits less the additional cost of the alternative action.
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OTHER BENEWIT CONSIDERATIONS

In the preceding section we indicated generally the types of direct benefits
that are tho eoncern of this study. In this section, we elaborate on additional
types of effects that must be considered in a ccrmplete benefit analysis.

For the most part ~ur concern is not with woneconomic effects, since we ao
not know how to quantify them in most cases. ¥Fortunately, in this regard most
benefits accruing to transportation systems are economic in nature. But lives
108t in accidents are an important type of noneconomic eifect and are ineluded in
the analysis to the extent that data are avaiiable,

Secondary beneiits reprezent the induced effects of improvement from enviro. -
mental predictivn. Direct {and indirect) benefits are the iinmediate result of deci-
sions to use improved prediction; by contrast, secoundar, benefits acerue only
after those groups incurring direct benefits spend their additional incomes, thereby
creating additional rounds of benefits.

We are concerned ‘n this study onlv wit': those tipes of secondary benefits to
the transportation sector that result from the direct actions of transportation
decision-makers. An example of this fyvpe of secondary impact is as tfollows.

The transgportation sector is characterized by highly competitive modes. Thus a
change in weather forecasting that has a major eccnomic ffect un the usage or
pricing pattern of one mode will also have an important efic ot on competing modes.
For example, adverse weather currently has a very proneunced impact on the mode
of passenger travel between major metropolitan areas, particularly in the Northeast.
In bad weather, many persons switch from: highways and aiv {o rail, where travel
delays are less pronounced. If better prediction affects all modes simultancously,
the nei result may be that the total traffic congestion pattern in bad wenther s
improved for ail medes. Although such tvpes of effects were, from a conceptual
standpoint, considered to be secondary benefits, if proved difficult to quantify them.
As a resuit, the following chapters allude to such benefits where th. v presumably
materialize {a air, ground, and marine transportation, but & : not successfully de-

velop measures of such benefits.




Another consideration has to "o with the prujection of potential benefits.
Quoting Professor Thompson: "It is important to note that cne goal of indnstrial
technology is to design an initially weather-sensitive operation so thati* will be-
come independent of such environmental factors as the weather. 1 We can expect
these technological developments to continue; obviously, s they do, the benefits
fromt improved prediction will diminish., The totals mayv continue to increase as
the econorsy and the population grow, but not in direct proportion. In the process
of measuring benefits, we identify and ; voiect such trends to the extent possible,
but our analysis is necrssarily crude.

Potential benefits also depend on the future level of transportation activity.
The demand for transportation is devived primarily from the demand for other
goods and services. Thus the long-term trend in the aggrogate demand for trans-
portation depends primarily or the Isng-term trends in the requirements fur
transpertation on the part of businesses, industries, tamilies, and government
entities. To evaluwate these long-run trends in the aggregate is clearly bevond the
gcope of this study.  To the oxtent that sneh analvses have been conducted, thev
will be utilized in thie studyv: but, i ~encral, such Jong-run trends in the everall
demand for transportation by the economy are aet explicitly evaluated.

There is a final factor that should be noted in the introduction of benefits: Tor
tack of a better title we call it subontimization impact. In seme cases of epera-
tional decision, the influcences of {actors other than environmental incorvenieonee
maoy dominate. Inother wesle the value of improved pradietive ability seme-
times gets Jostin the noise of more important influences.  For oxampie, delavs
in alv iransportation result primaciiy from adeflicieney of troffic handiing evvacity
in relation to the volume of rraffie. Bad weather, of course, accentuates the

problemy: b there appears to pe Hmited action open to the dispatehers or controlters,

1. 0.¢. Thempson, The Poter™ 7 7 osnemice and Assoctated V lues of the

World Weather Wateh, World Wentner Wateh Planning Report No.o 4, Werld

-y

Metearological Oprganiration (196863,




based on improved predictions, that e. 2. “he more ~apid mover ~ut ¢f passen-

gers in bad weather,

The corgestion of the airspace, particviariv in the vicinity of the mogt im-

portant termi 1ls, denies the airlines the flexibility thev would need to minimize

direct operating costs irfluenced soleiy by the weather.

%
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AIR TRANSPORTATION

This chaptes estinates Shenefits that would acerue o air transportauion as

a resuit of improved p ve abilitv; io assumes chat all necessary com-
muncations are i place  In this chapter we cstimate the magnitude of hese
benefits and demonsrate how thev were dergved.

In discussing weather effeets, one can think of zir transportation operations
in torms of tecindlogy, ceenomies, and competition,  Aircraft operations are

b

highly sen=itive to technologics! advar es in equipment, both airhborme and land-

1freen vears, substantial ochnolegical improvements

weather on aviation operations,  FPor oxample. icing

> proble

crafl upder near-roro visibility conditions.
vever, it is pof the forecast technnlogical improve
Loents 1 ine their notential economic effect as relute

toimprove d wenthor predicowon, BEven with e hnoiogical hre

ar], the nroader ntihraten i technology

Lo of aviation opersti weatheor, o tromd o il be

tochnol, givd innoevati nount of

tevenue 18 oaly carned when purvha

-
-

Alarge proportiion cipproximalen, ol pereor




siays on the ground, (Competition within the air trunsportation indusirv is based

on passenger sayvicss, which in turn is baced on 2cherence (0 achedules. There

.8, of course, a great effort te arrive on time, bul adherence to departure schedules
is equally importart to the traveling public. These censiderations have rasuifed in

Al e tet s M

cempany peiicies, foreed by the exigencies of compatition, w initiate flights o

o]

gchedule, oven though there is 2 chance that weather ni, cause a celay or diversion.

The potential risks -7 the alternative, lower aircerafl utilizotion and loss of passengers

to competing airlines, are tec severe to allow sub-opiimization due to weather delavs.
To isoiate operationst docisions that may be influenced by environiental predic-

x

{ion, we must first defermine the =ffects of weather on =ir iru:sportation operations.

Civen perfect wether conditions, no traffic congestion, and 1C0 percent ajrceraft
availability, airlines would essentially corenlizic their published achedule exacuy,
and the dispatching decision woudd be @ t. towever, these conditions rarely
cooe Ty those that do act aad interact to produce aberration in published schedule
“arformance and o increase the cperating cosis,

Planes unable to iand at destination ternnnais Heezuse of below minimum visihility
are either diverted {o alternate airports or hold ticir patterns ond wail for the weather
to waprove. Chviously, poor visibility aggrevates congestion delays. In addition,
flighis can be cancelled or diverted because of poer runway conditions caused by
acenmuiated snow or ice,

Appiyving the methodology described in Chapter 3 to air transportation involves,
tor the most part, o.e's success in predicting terminal conditicns that change {light
plans. Atthough the procedure is straightforward, the large number (over 190,000
of operating airports in the United Stales reguire a large sample. The analysis of
each airport in the sample has to include all the operations into and out of the ferminal
for which some aliernative action, with economic advantage, couid be taken.

The first siep of our analysis established the base case--the current effects of
weather on air trassporiation cperations (the number and costs of accidents, delays,
canceiistions, ete.). The next step established the nonrecouverable losses, those

fosses for which vo practical aiterpative antion i3 avaiiu! e, even with compiete

Ly
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foreknawicdge of the weather conditions,  For oxomple, if the composite wind vector

+

in the {light plar ic adverse, the flight wiil either tuke longer and require more feel

~

or it will pe coupleted in normal {light time at 2 Mighsr cruise setting.  Both options
represent an additional cost whether the winds were accurately pradicted or not.

The third step, required bv the terms of this study, sliminated fron. che total
weather-incurred losses those losses that could have been prevented if the forecasts
maade with current predictive skiils had been avaliable and used. Full forecasting
service is not convenient to all points at which air operations fake place, and inex-
perienced pilots have been known to disregard iis warnings. The remainder repre-
sents the lesses, or costg, that could be avoided if all the uncertainties of westher
were eliminated and anpropriate operational decisicns foliowed. These are the losses
that improved prediction can help recover.

We divided U, 6, air transportation activities into three groups--general, com-
mercial, and militarv. The economic impact of weather is different on each group,
and data have been accumulated separately for eadli,

Gencral aviation consists of aircraft owned %y private individuals, flying clubs
and services, and corporations. Thev are used for sport, instruction, and personal
and business transpostetion.  Most ar- light airceraft with limited range and endurance
and do not carry the sophisticated electronics recuired for instrument {lying. A very
small percertage of general aviation pilois are instrument qualified. n general
aviation, the costs due to vari. tions of schedules and operating inconvenience are
dwarfed by th» cost of accidents., We will look particularly at those accidents in
whic. erroneous weather prediction was a coniributing factor.

Commercicl aiy operations consist of trunk and feeder routes in ihe United States,
international flights by American-owned carriers operating to and from U. S, terminals,
and noischeduied contract carriers. The economic impeet of weather conditions on these
operations are the costs of delays, cancellations, and diversiens. Theoretizally, there
are also costs involved in carrying extra fuel as a hedge against weather uncertainty.
There are no recorded incidents in recent history of commercial carrier accidents

attributed solely or primarily to erroneocus weathor prediction.

oy
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Althcugh equipment and pilot qualifi~~tions are very similar, military air
transport operations di"2r from those of commercial carriers. The Milit.ry
Airlift Command does not eperate between points within the continental United
States. Domestic airli® reguirements are met oy commercial carriers. The
domestic terminals of MAC, with the possible exception. of McGuire Air Force
Rase, are remote from the heavy iraific in the large metropolitan areas, ana
MAC terminals are well equipped {or handling their instrument operations. As
a result, the effect of weather on landing and deporture delays is much less than
commercial cperaticns. However, we were unable to find quantitative data to she
exactly what the relation is, and our conclusion is based on the opinions u; ‘ndividuals
with operating exp rience in MAC, We believe that the noyregated potential henciil of
improved weather prediction for commercial air carvier operaii~us will be only siigatly
increased by the inclusion of militsry air transport sperations.

in the following sections, we have adopted the classification of problem areas from

the Bollay veport beoause it idouiifies all of the weather problems traditionally con-
3
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fronting aviation operations.

GENERAL AVIATION ACUIDENTS

The “avional Transportation Safety Board collects data on U.S. general aviation
accidents, including the cause-related factors. These factors are classified into the

general areas of

8 pilot,

¢ personnel,

& airframe,

9 power plant,

& systems,

1. E. Bollay Ascociates, Inc., Economic Impact of Weather Information on
Aviation Operations (September 1962).




¢ instruments/equipment and accessories,
& rotorcraft,
. /. eYeus
% airports/airways and facilities,
# weather,
& terrain, and

@ miscelianeous,

Table 3 summarizes these data for 1964 through 1987. This table presents the

=oof accidents (total and fatal), the number of accidents in which weather was

1

4 cause-relared Loctor, and the number in which an incorrect forecast was a cause-

related factor.

Table 3
GENERAL AVIATION ACCIDENTS

1964 1964 1367 ! Total
All accidents 5,069 5,229 5,738 6,115 22,151
Weather cause related 1,020 955 1,212 1,476 4,663
Forecast cause related 4 13 b i6 32
Fatal accidents 526 554 574 503 2,257
W=aather cause related 33¢ 436 57 | 413 1,536
Forecast cause related 3 13 | 5 4 25

L !

Table 3 shows that even though 21 percent of all gencr2! aviation accidenus are due
weather, only 0.15 percent are due to an incorrect forecast. Therefore, willin
the scope of this study, the potential benefits to he gained from improved weather
prediction are minor.

From 1964 through 1967, the data indicate that there were approximately two
fatalities per fatal accident, or an average of 12 fatalitics per year attributuble to
incorrect weather forecasts. The NTSB data regarding equipment damanged or
destroyed in weather involved accidents in 1966 show 263 aircraft were desiroyed

and 633 aircraft were substantially damaged. The data for 1964 throveh 1967




show a total of 32 accidents in which an incorrect forecast was a cause-related

factor, or an average of 8 accidents per year. Applying the factors for 19€8,

we get
: -éjg x 8 = 2.4 aircraft destroyed per year
: §33

= x 8 = 5.8 aircraft damaged per year

ey

: There were undoubtedly injuries sustaired in some of the nonfatal accidents.

The numbher of nonfatal acecide. 5 in which incorrect forecasis weoe a cause-related

pX=3

-

factor for these years was 7 {32 fotal minus 25 fatai,, which averages approximately
2 per year. Assuming two persons were involved in each accident, we can esiimate
fhe ‘njuries as 4 per vesar,
The table below presents a summary oi the maximum pofential henefits due to ’

_mproved weather prediction {i.e,, if 21l haza,ds vere forecast accurately::

Yearly Losses, 1968

Fatalities 12.0
Injuries 4.0
Aircraft Destroyed 2.4
Aivrcraft Damaged 5.6

Based on NTSR data, Table 4 presents the accident trend in terms of accident rofes
per hour sand per plane-mile for 1957 through 367. These daia show 2 conclusive
trend toward Jdecreasing accident rates.

The linear extrapolation of thig trend to 1485 shows an oxpected acceident rate
(per 100,000 hours) of 15, compared with a rate of 28.5 in 1964, thus giving a factor
of 0.525 (15/28.5;, wnich reflects the potential technological improvement, Using
another lincar extrapolation, based on FAA data, we can foreeast 47.5 miilion

hours ot general aviation activity i 1985, compered with 20.5 million hours i
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Table 4
ACCIDENT RATES

100,0uve Bours Million Plane Miles

Total Fatal Total Fatal

1957 38.4 l 4.6 2.9 0.31
1958 36.4 3.1 2.8 0.23
1959 35.5 3.5 2.7 0.26
1960 36.5 23 2.7 0.24
1961 24.0 ‘ 3.1 2.5 0.23
1962 33.4 3.0 2.5 0.22
1023 21.0 3.2 2.3 j 0.24
1964 32.2 3.2 2.3 [ 0.23
1965 31.4 3.2 2.0 i 0.21
1366 25.8 2.6 1.6 { 0.17
1967 27.1 2.6 1.7 0.17




1968, which results in a facter of 2.32 (47.5/20.5) and reflects the expected increase
in general aviation activity. ! These two trends tend to cancel each other out and
result in a modest (0.525 x 2.32 - 1.22) factor for use in forecasting the increase
in losses for 1985.

We have not placed a dollar value on fatalities and injuries. 2 However, assumin:
a valve of $.‘i6,0003 per destroyed aircraft and $6,000 per damaged aircraft, the tuial

lossecs for 1968 and 1985 become

~ 1968
@ 12 fatalities
2 4 injuries
e $72,000

& 1985 (1.22 x 1968 values)
¢ 15 fatalities
? 5 injuries
e $88,000
There are approximaiely 1,000 general aviation accideats per year in which
weather was a cause-related factor but the forecast of those weather conditions
was essentially correct. This implies that some private pilots are either not

receiving weather briefings or are not reacting properly to them.

1. FAA Officc of Policy Development, Aviation Forecasis Fis. .| Years 1867-197,
(January 1967).

2. We are, however, familiar with a number of recent siudies that do.  But the
assumptions they require to airive at a quantitative figure are so onen to question that
we doubt thie vadue of their results,

3. A 25-percent infiatio: of the Boliay values.
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AIR CARRIER DEAYS

In addre.sio |, tb uection of the delays attribuizble to weesthes for commercial
air carrciers, we should understand that there are many factors the! act and interact

to cauct all air carriev delays., Accouuding to a recent FAA study,

Telays in terminal areas can be the result of a multitude of causes.

Veather, runway ca acitv limitations, taxiway provisions. approach
and oeocpture rouls |, limited ramp space, ARTCC capacity limita-

dons, nd aacraft scheduling to name a few.

The tudy ~ves o~ o say that some airpert eo-figurations have runway -apacities
that vy greatly der “nding on weather conditions. ¥ emphasizes the strong dependel.

of weather delay on instriment landing system capabiliiics at an airport:

A r w parailel runwav at an sirpor: will add substaniisy VFR capacity.
'n :FR weather, however, the .nagnitude of the inerease Gopends on
whether or not the operations on one runway can be conirolled L.depen-
devily frov. Jpera ‘ons on the other. For example, a single runway in
iF7. can laud about 35 aireraft per hour or about -0 mixed operations
(i.e., inadings plv takeoffs). 'The capacity for civse parallel min.iays
(separated by ics. han 3,500 feet or is specified in A™ P 7110 {5
about 50 IFL . ne: tions per .cu, whereas under VFR eonditions the
capacity o! =luse paradlels is about double that of single runway. I the
runways e separcted by more than 3,400 feot, the TFR ~apacity for
honding - sproaches independontly from denartures is 2boul 70 op. ra~
tions pe. hour, i.e., - forr minvte cotay if arrivals equal departures.
Additional close parallel runway: will not nerease the IFR capacity
unless simuitaneous instrument approach capaoiiit  is provided. With
simult-neous instrumeont approach capabilii-, IFR capneit, can be
inereased to about 140 operations per hour depending on e number of
Jdoparture cunwayes,

Wwe collecied data “om a major U. S, trunk carrier showing s operaling
¢ seriovee with respe: ¢ to weather delays for 1968, These dawr are summarized

I

in Table: 50 Fighre 2 shows the expected seasoni pattern for the pereentage of

1. TAaA, alternative Approaches for Requcing Delays in Terminal Areas,
Resort 2o, hir67-70 (November 1967).
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foliowing yearly ~rerege factors for this carrier:
8  0.65 percent of ull flights incur weather delays,
o 50 minutes is tho averagoe deiay per incident, ard
® 241,000 minutes of weather delays cccurred in 1968,

Table 5

WEATHER DELAYS FOR A TRUNK CARRIER

flights cxperiencing weather del.;: These data were aggregated to form the

i " A
Number f ' Number of Innidonts ! Minutes of
Scheduled Flights of Weather Delays Weathe1 Delny

January 58,935 : 713
February 05,287 374

Mar h 55,544 415

vril 54,257 115
M v 55,914 123
JUne 54,011 133
" 06,324 102
Au, st 36,06:48 514
Sepic aber 24,211 , REIR|

Oetober 56,623 394

Novemb v 53,668 ' 504
December 535,688 785
a6 H65,004 ; 487

e e -

34,737
17,597

b
23,330
3,346

3,795

348

20,586

44,8906

240,952

Agsuming 4 vost o 820 per minute of delay, the total cost of

1

weather delavs

fehis coorier wae approximately 3204 mitlion in 19857 At the same time, {hght

der v frons other caouses are estinuited to have cost at least $24

whicl represcnis a 10 to 1 ratio to the delayve causca by westher.

Lo Anwerege of four-engine and three—ongine passenge s jof costs foap

it
FAS report, p.ot

million in 190%,




Extrapolating this particular carrier's experience, we estimate that the total
U.S. weather delay penaity to all U.S. trunk and locel service airlines was approxi-
mately $11.8 millien in 1968, on the basis of revenue miles. Unfortunately, the
rules that define a weather delay are not precise; the pilot determines the cause of
delay when he submits his report. Therefore, it is impossible to estimate what
portion of the reported delays, if any, might have bren avoided with improved
prediction. Huwever, we can assert that the total weather delay costs wiil be
small in comparison with all delay ~osts. We will, therefore, assume that
50 percent - the delays reported as weather incurred could be avoided wiih coimn-
piete foreknowledge of weather conditions. 1

In addition to the cost of delays to the airline, there are the indirect costs to
the passengers. There was a tota! of 22,000 hours of weather aelay in 1965 (extra~
polating the data we obtained), and the average number of nassengers per plane
was 50, Jf we 73sume a passenger's hour is valued at 820, the max’nium cost of

1
i

lost rassenger time was $11 million. Applving our 50 percent assumption to the

two delay cost toials, we arrive at a theoretically recoverable totel of approximate!ly

$11 million for 1968 150 percent of [11.3 - 11]:.
The FAA document we used to project general aviation activity aiso contained

prejections of air carrier growth, 2 Using 2 linear extrapolation of these data, ve

found that the expected increase in air carrier oper tions resulls in a growth facter

of 2.35 over 1968 traffic. To estimate the disccunts associated with technology,

we used a S50-perceat improevement rate at wirports with FAA conatrol towers (322

and a 25-percent improvement rate ai other airports receiving scheduled service

(202). The requirement for imprevemesnt is universal, but we believe that the

1. We assume that this knowledge will be used to regulate traffic flow and
match the flow with terminal acceptance rates. This will reduce the duration,
not the number, of delavs.

2. FAA report, Aviation Forecasts 18671977,
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larger terminals, which have heavier air traific, will receive greater attention.

The result is a weighted technological improvement factor of 40 percent:

322(5) + 202(25)
524

The combined factor used for the 1985 projections of air carrier avoidable delay

costs is 1.41: (2.35 x 0.6).
The following are estimates of annual air currier .lelay benefits for 1968

and 1985 associated with perfect prediction:

e 1968: 311 million

o 1985: $15.5 milion

AIR CARRIER CANCELLATIONS

Flights are not cancelled unless absolutely necessary. This is due partly to
the cosis involved in having a plane sit idle on the ground and partly te rassenger
service competition within the industry. Short-haul flights are cancelled more
frequently than long-haul flights, because the alternates may be as far awav from
the destination s the origin and feeder operations are often {lovn into alrports

with unsophistirated approach and navigation aids. i

Table 6 shows the operating cxperience of a major U, S, air carrier {trunk

nd feeder with respect to weather cancellations,  These data are piotted in

A
Figure §, which shows the percentage of tota! fitghts canceiled and the percenioge 3
canceiled because of weather, 3

Ak

Figure -1 presents the direct relationship between canceliations and delavs for

PP

this carrier. It is interesting {0 note the veryv similar pattern of these impact’
var:abies, In the winter months, when ther: is maore likelihood of airports being
shut down for long periods of time, there are more cancellations than delay s,
However, in the sunumer months, when weather interruptions are of relatively

short duration, there are more delays than canceliations.
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“ N’a::::r m’ T samber 1 Nu.m};}»er of Fl-ghts
Schedued Flighis Cancelled--Weather
JEOuATY 55.835 2,285 i, "
Febraary 55,281 1,085 ; 33
March 55,544 1,135 ! 508
April D4, 27 455 69
May 55,014 470 40 |
June 84,5113 513 82
Jduly 06,524 727 134
August 56,648 663 176
September Bq 11 633 141
Cctober 56,623 845 326
November 55,668 1,335 860
December 55,688 3,014 1,739
1968 665,024 13,214 6,303

According to industry spokesmen, - :ather cancellations are usuaily associated
with existing conditions that are predicted to persist through the period in which the
flight cun be scneauted. These predictions have a very high degree of reliamuty,
largely because of the nature of the weather phenomena-- keavy and widespread
snowstorms, snow and ice accumuiation on the runways, etc. Recoverable costs
would, of course, be associated with unnecessary cancellations, where conditions
improve unexpectedly after 2 canceliation. However, our data provided no recorded
instances of this, and therefore we can assume that it rarely occurs.

When destination conditions remain below minimum »fter a flight is underway.

the potential for savings occurs in only two cases--when the aircrafl is forced to

return to its point of ori,..n or when it has to divert to an alternate that reprosents
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tnportant pronlaom in the early days oF commoreind aviation. Powever, this is
7 cryee - 1 - B N s ~ 4 e d 8 el or L
no longer true and mosi oo e cary ers wo speke with do notl keoy orids of the

freguency or cost of diversions.
Ragad on nur analysig, we holigve that the recoverable costs of cancellations

will he

and lost opportunities to cancus i

Diversions occur when an aireraft cannot land at its primary destination and
must proceed to an alternatie facility. Diversions are caused by mechanical diffi-
culties in the aircraft, approach syster. failure at the terminal, stronger than
forecast hecadwinds, below minimum vorminal conditions, and, more recently,
hijackings.

Except for hijackings, thore has been a steady and markad reduction in the
number of unexpected diversions. Aireraft and eiectronic equipmeant have become
extremely reliable, wind prediction is much more precise at jet aititudes, and
landing weather minimums have  ~n progressively lowered, reducing the number
of hours that operations must shut down,

An expected diversion is acceptable to the carriers, particuiarly on long-haul
flights, if the alternate is reasonably convenient to the intended destination and most
of the forward movement hag been accomplished. It is more acceptable than a can-
cellation that gives no opportunity to recovesr heavy fixed costs. As one airline official
put it, "If our flight from New York lands at O=ntaric [Ca}ifernia] instead of Les Angeles,
our passengers are &t closer to where they want to go than when they started. And
we'll get them there as fast as we can. "

There are, however, costs associated with weather diversions. The Air Trans-
port Association gave a current average cost of $3,000 per diversion for a Boeing 707.
Th e are also the costs to the passengers for the extra time required, but these may

well be lower than the cost of a cancelled flight.
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100 supply the dio nooossaly to deftermine what portion of
;onts coulu e recoverad by improved prediction, we must siseuss such ¢ s
As notod peeriously, there is no advantage o be gained by, cance!lution, execept

inr .- enses when the 2ivevsit accomplishes ne resi forward movement of 05 nay

load. The cost impact of an unexpected weather diversion can be partially vedueed
if the forecast aliows more time to optimize the flight pian to the altervate destina-
tion and alert the receiviug fucility. Exampics of these types of diversions cocurre

during a heavy snowstorm along the northeast coast in 19649, Such expery uoez wre

d

infrequenit. however, and we mwaust conclude that the annusi foial ni recovershls costs

CONGLUSIUNS

In sum, the annual recoverable ¢osis and losses for the zeveral categories of

f4v- 1y 1TQ X
ctivity in 1985 are ac follows

Category Amount
Genersal Aviation
Tatalities 15
Injuries 4

Afrcraft Loss SE8,000

Commercial Air Carriers

Delays £15.5 million
Cancellations Negligible
Diversions Negligible

Milltary {Transport)

b

16 Pareent of Commereial Air Carriers %1.5 million

1. Hijacking diversiops ar. umtoubtedly an exception, but they lie outside the
reaim of this stady.
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CROUND TRANSPORTATION

This chapter [s divided into two sections. The iirst presents our genernl Hndines,

Sresents an example of the study methodology.

GENERATL FINDINGS

This section discuss s the types anu amouats of 2co

available as a resulf of improved environmental prediction.
Railreads

Although environmenta: conditions affect railroad eneraticas and costs, we
found it impossibie to assign a realistic dollar benefit to the role that "mproved
environmental prediction might play in offeetting wenther's adverse 2ffecta
However, we belic 2 that (Lo potential benefit from improved predictive abiliny

pare onvoverated beles

is not significant, The re..:ons for this conclus

In 1968, the total snow removal budget for all railrands was 824 million,

compared with - estimated $L00 to 8500 millicn snow removal budgst {or the

waior’s Gighwio .o Discussions with »ailroad officials resulted in {ow effective
wave these snow removal cests might be lowered with improved predictability,
Ueunlly, snow removal equipment and crews are not depteved in advance of

storms, so there appears to be littie potential for economic gain from tmproved

prediction. They fus ther said thal earliey and more acourate veather {ore:

would have little aifect on the efficiency and effnctivenass ol their currest operations.,

However, it must be noted that rajlroad offictuis were unable o ploduse significant

quantitative justification for <eir stend; they not provious!y consi

of problem.
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A study cof the effects of ice storms on railway operations evaluated the impact
of ice storms on railway operations and examined the effects of ice storms on loss
of communications and signal systems.1 This study concluded that ice storms do
not appreciably affect railway operations directly, but that communication and
signal systems are significantly affected, thereby disrupting rail operations and
delaying service, which affects passengers and perishables. In such situations,
there appear to be few effective ways to take advantage of improved weather pre-
diction. Perhaps better emergency-crew training and, in the long run, under-
ground cables and conduits might help.

Hurricanes and floods have a significant effect on railroad operations. Recurring
flood situations, such as along the Mississppi River, and flash floods resulting from
hurricanes are two distinct types of problems. In a flood-prone area, measures are
taken that arc permanent in preventing destruction caused by bigh water. For ex-
ample, tracks are usually built up and fortified at vulnerable locations to protect
embankments and shoulders against the action of waves and currents. In addition,
temporary measures are taken that must be repeated with each flood to be effective
(e.g., sandbhagging). Of the two, permanent protection is the more important in the
total scheme of flood protection. Permanent protection, when developed and improved
over a period of time, will diminish the potential magnitude of benefits possible from
improved prediction.

In 1969, the Mississippt River floods were predicted well in advance. Apparently,
the joint efforts of the Weather Bureau and the Army Corps of Engineers have over
time become quite effective in predicting when, where, and how high floods will crest
on the Mississippi. Thus, it appears that the potential for improving on present pre-
dictions in existing flood areas is quite limited.

1. William W. Hay, "Effect of Ice Storms on Railroad Transportation, '
Section 2B of Climatic Criteria Defining Efficiency Limits for Cexrtain Industrial
Activities (University of Nllinois, Department of Geography, undated).
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The potential economic Lenefits appear to be greater regarding flash floods or
hurricanes. If the time and intensity of such environmental effects could be predicted
more accurately, several types of alternative actions are open fo raflroads to prevent
loss of property and disruption of schedules. An article in Railway Age indicated the
types of preparations mada by railroads based on warnings of an impending hurricane:l

Car brakes set and wheels chocked.
Section crews stationed at key points for immediate repair.
Standby power plants maintained.

Signal and communications crews alerted and facilities protected.
Wreck trains stationed at both sides of affected areas.

The amount of damage that might be prevented by such preparations wiil, of course,
depend on the situation. However, we were unable to find any significant data on
the amount of damage prevention.

In talking with C&O and B&O officials after Hurricane Camille, we learned what
types of losses were incurred and which of these could possibly have been prevented
with improved prediction. The C&O and B&O suffered an estimated loss of $1.2
million from damage to equipment, roadbeds, bridges, tracks, and other facﬂities.
Additional losses were not included in the above figure, such as rerouting and re-
scheduling of passengers and freight, which resulted in higher costs of operations
and losses of revenﬁe. Included in the $1.2 million were the following:

e a freight train with perishables trapped for an extensive period

of time,

¢ a major bridge washed out for more than two weeks, and

® 600 freight cars in a yard completely inundated.

The first and third situations could have been avoided, However, the cost of
cleaning and repairing the freight cars was $10,000, and the loss attributed to the

1. Rallway Age, 127 (1949), 1006.
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sir- oded train was probably not much more. In ucllar terms, the property losses,

such as the bridge washout, were probably much more significant. But it is doubtiul
that early wuarning would have substantially reduced these property losses. At best,
improved prediction would have added a few hours to the warning time. To have
estimated *+he likelihood of bridge washout, railroad officials would have needed
i:formatior. on the height and velocity of the James River at {lood crest stage, as
well as up-to-date information on the stross resistance of the bridges. Even then,
there would have been insufficient time to take the necessary preventive steps.

Officials say that this type of damage, by far the largest economic losses in this

and similar ervironmenta! disasters, could not have been preverted even with
e~+lier and more accurate prediction.

The scheduling of additional passenger services in bau weather te pick up
diverted traffic from air and highway modes was another type of benefit we investi-
gated. However, railroads aie not as conscious cof passenger convenience and
comfort ac the airlines. Tne general attitude of railroad officials is that these
passengers arc only cccesional railroad travelers and snort delays while extra
cars and trains were put together is not unreasonable. Further, they said that
t would take iittle or no action to improve passenger service based on improved
prediction. They pointed out that primarily commuter services and short-haul
i1 ansit were affected by overflow traffic in bad weather. In general, the long-
distance air passenger will delay or cancel his trip rather than go by rail.

In future analyses of this type, the effect of weather prediction on commuter
gervices and short-haul transit shuuld be investigated further, since the future
trend to high-speed luxury trains may result in a rejuvenated demand for improved
predicticn. It should be noted, however, that the high-spee routeway may well
b2 covered or undergrc over a sizable portion of its length, thereby reducing
significantly potential economic benefite

. ! oad freight movemencs are alsc affected by major storms. We asked

railrcau officials whether there might be substantial benefi*s from rescheduling
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and rerouting freight traffic based ¢ improved prediction. Their angwer was
generally negative, although they provided i ~ufficient rationaie for their response.
One hypothesis might be that the railrcads can normally do better than their closest
freight competitor, the truckers, so they are under no compunction to expend addi-
tional funds to improve schedules, based on improvad prediction. Cfficials say that
customers will forgive slight delays of merchandise due tc bad weatker, but they will
not accept excuses for cther types of delays.

Railroad official- are unaccustomed to thinking abcut the coniribution of weather
prediction to their operations; consequently, our dats did not enable a quantitative
assessment of the notential benefits of improved forecasting. If someone attempted
a definitive assessment of the benefits, he would have to design a data coliection
and analysis proiect and ask the railroads to provide the type of data needed. A
partial guide to such types of data requirements ig provided in our example of high-

way snow removal benefits in urban areas.

Tne potential benefits of improved piadiction to those who use and maintain the
highways is significantly greater than potential benefits to the raiiroads. The greatest
potential benefit appears to result from the mobilization of removal crews in the event
of an impending snowstorm; however, as we c.all show, this s also the area where
highway departments are currently utilizing pri-ate consultauts to provide timely
and specific predictions.

The types of benefits resulting from improved pred:.ction for highway users are:

potential profitr “~r commercial carriers, bus, and trucking
firms;

e fewer accidents, resulting in economic savings to life and
property; and

o time savings and convenience for individual motorists.
The types of benefits for highway maintenance officials are

e increased efficiency of operations, resulting in lower costs, and

e reduced incidence of accidents and increased convenience to
nighway users resulting from more rapid clearing of higaways.
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Highway User Decisions

The trucking industry is one area where the benefit potential is significant;
competition ercourages efficient trucking operations. By proper use of weather
information, truckers can in theory adjust schedules, plan alternate routes, posi-
pone operations, reschedule personnel, select proper equipment, and brief drivers,
Such actions could minimize delays caused by weather, and improve the overall
efficiency of trucking operations. Minimum trucking delays ard improved efficiency
mean gavings in operating costs. Additional savings could be realized because of
reduced accidents.

We talked with officials of the American Trucking Asscciation and several
major trucking companies tc determine whether the above benefiis would result
from improved environmental prediction. Currently, truckers use very liitle
environmental prediction information in their scheduling operations, Schedules
are very important to truckers, and every effert is made to meet these schedules,
even if it entails the possibilitv of encountering bad weather, The ways by which .
weather information might be used by truck lines are many: reschedule times,
reschedule routes, reschedule points of origin and destination, etc. All such
scheduling decisions are highly interdependent. Once juggling begins, it is

difficult to optimize schechiling based on improved predictability, especially

since the prediction itself might change. Such scheduling decisions require

expensive computer systems and supporting information systems to disseminate i
the results. Currendy, the benefits from impro—-ed prediction cannot ofiset the

costs involved, especially since the truckers do not, in general, take advantage

of the types of time and route-specific forecasts currently provided by private

consultants. It would take a concerted effort in the entire industry to implement,
across the board, any iniproved scheduling systems based on weather prediction,

since there are 2 large number of companies in the industry, many of which are

too small to develop and use complex scheduling systems.
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Ruses have difficulty rescheduling their operations to take advantage of improved
weather prediciion. Bus companies must operate according to published time schedules
and travel routes, and cannot change these schedules and routes on the basis of expected
weather. During major storms, changes in schedules and routes are sometimes made;

however, these changes are really adjustments on the basis of existing weather condi-

tions rather than forecasts.

The reaction of individual highway motorists to improved predictability is an
area of many unknowns. The relationship between accidents and weather has not
been acequacely established. It is very difficuit to separate each of the causes of
accidents (driver, highway, weather conditions, etc.) since all such causes are,
to a certain degree, in‘errelated. The principal evidence we have is that more
accidents occur in bad weather than in goond. 1 The link between motorist behavior
and improved weather prediction is even more of an unknown. Data have not been
collected on the rescheduling decisions of motorists having information concerning
impending storms. Inforriacion is needed concerning whether (a..d under what
conditions) trips are postponed cr cancelled, and whether alternate routes are
chosen. In discussirns with 2 Massachusetts Turnpike Authority statistician,
we learned that revenues from tolls fall significantly when bad weather is predicted.
In addition, the American Automobile Association operates a teletype system for
disseminating predictive information o motorists in the Northeastern United States.
Thns, there appears to be some potential for benefits in this area, but further
research is needed to estimate the magnitude of such benefits.

The need for improved predictability for motorists is only a part of a total

system that would enable motorists {v have access to weather information. The

improved predictive information, uniess combined with extensive disse¢ nination,

1. To review the effects of weather on highway accidents, see United Aircraft
Corporation, Highway Wealher Service Prel ninary Design Study, prepared for
ESSA, U.S, Department of Commerce (Decemper 10, 1965), pp. 6 and 7.
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would not prove to be effective. It is likely that more ervironmental predictive
information is currently being generaied than is effectively being disseriinated

to the driving public. In aldition, no mechanism provides niotorists with z re-
scheduling and rerouting system similar to that potsntially available to trucking

1
firms.

Highway Official Decisions

Highway maintenance operations are affected by weather tc a much greater
extent than we originally thought. Snow removal, in particular, absorbs a large
part of city and state highway maintenance and operating budgets. A good deal of
a highway department's equipment is specially designed for snow removal and
cannot be converted to other uses, Large municipalities have complex snow
mobilization plans that outline a year's activities to prepare for snowstorms;
for example, salt and abrasives are purchased in the summey; coniractors for
emergency situations are hired in the summer and fall; men and equipment are
tested in late fall to determine their degree of readiness; priority siveets for
removal, vehicular travel, and parking are identified; alert systeus for removal
and policing personnel ore established; etc. Weather prediction is considered an
important factor in this process. A recent articie on the costs of snow removal
in New York City notes the foliowing complexities connected with conducting snow
removal operations: 2

Undoubtedly, the greatest factor of cost control in syow and ice

removal ig the cornmand requirement for decisions as to what opera-

tional procedures are {o be employed in meeting any given snow

situation. These decisions are based primarily upon the available

periinent data at the time of the sterm. Some of these are: the day
of the week aiid the time of day as relating to urban activities;

v 1. However, the weather service of the American Automobile Association may
be a model] for same more comprehensive and more widcly available service.

W e

2., Joseph T. Lennon, "Cost Analysis of Snow and Ice Control Operations,”
American Putlic Works Association Yearbook (1967), p. 158,
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weather conditions; traffi~ conditions; predicted snow 7~'1; rate of

fall; duration of fail; long-range weather forecasts; and of para-~

mount importance, the availability of manpower, equipment, and

niaterials such as rhemicals, Yet in order to be at a stage of maxi-

mum readiness of any snowfall, ail of the above factors have to be

studied in endless combinations well in advance of the snow season

itself. In New York City we are concerned with the answers to these

questions beginning with the end of e snow season in April right up

to the time that a decision must be made on the methods to be emploved

for sach snow situation.

in a2 {ollowing section, we develop the cost savings associated with im-~
proved weathel prediction in urban areas. Data were not available to permit
a similar quantitative analysis for the intercity problems of snow removal as
affected by prediction. However, the analysis for the urban case will be used
to esiimate the benefits from improved prediction in the intercity setting, based
on the similarities between the two situations.

State highway Jdepartments and transit authorities are the principal public
bodies involvea in the intercity problems of snow removal as affected y prediction.
Y/ oontacted the following state operations and maintenance departments, which

saemed to represent the areas of greatest traffic and snow hazards.

¢ New York State Department of Transportation (NYSDT)
® New York State Thruway Authority (NYSTA)

@  Massachusetts Turnpike Authority (MTA)

#  Pennsylvania Tugnpike Authority (PTA)

e Jllinois Division of Highways (IDH)

8 New Jersey Highway Department (NJHD)

in addition, the Bureau of Public Roads, U.S. Department ¢f Transportation,
contributed to this facet of the study.

Some of the nrincipal findings are . * follows:

¢ Varying budgetary figurces were provided by the agencies for

the couts of their snow removal, but in all cases the estimated
dollar smounts werc quite large.




® NYSTA ~stimaies that one haif of its anpual budget of
818 miliion & for snow removal,

& NYSEDT estimates 1 snow removal budget of $18.6 miliion,
Counties have the option of providing their own removal
services.,

@ IDH spends about 15 o 20 percent of i3 annual meinten~
arce budret of 264 million for snow removal,

All agencies report thai they rely heavily on forecasis fnr
mobilizing their snow removal forces. For example, NYSDT
reports that they zre nrovided with estimates of the time of
arrival of a storm by county and by the intensity of the storm.
These estimates alert maintenance personnel. The natare of
the furecast will determine how many people and trucks to
employ as well as metl.od of removal {plowing versus salfing)
and type of material (calcium chloride or 2 mixtare of 35t
and calcium chlcride).

The alerting ol crews in advance depends on the prioriiies
established for highway {raffic. Major expressways and
intracity commuter arteries place a significant weight on
maintaining dry pavements and, congequently, on the early
alerting of removal crews, Rural and lower priority roads
often do not begin operations uniil precipitation begins. A
good example was provided by Hlinois.

e A cer‘er in Springfield controls snow removal operations
of nine of tne ten districts in Illincis, The tenih district,
representing the Chicago area, has its vwn center, The
Chicago Control Center is much more sophisticated than
Springfield's because of the expressway svstem in and
around Chicago and the need to move coinmuters in ond
out of the city. Chicago employs more removal personnel
per mile of highway than the rest of linois, They
mobilize salting crews approximately two hours before
the snow starts. The remaining nine districts wait until
a quarter or half inch of spow has fallen befare initiating
operations,

The need for location and time specific forecasts was cited in several

instances, Pennsylvania represents an example.

® There are major county road commissions and garages operated
in the state, so that the man in Altoona knows it is snowing 70
miles to the west., However, he does not know when it is going
to hit him or how hard it will hit his area. It makes a difference
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, whether it is going to ~tart srowing at 5 y. m. or at 8 p. m. and
A how many inches will fai:. This is where the for2cast has an
impact. The woy ne go~s about planning and mchilization will
be altered quite a bit,

. ® NYSDT, NYSTA, MTA, PTA, and NJHD all employ the weather
prediction services of the Northeast Weather Forecasting Service
(Beuivry, wmassachusetts), IDH utilizes two forczasting firms--
one in St. Louis and the other in Chicago. Most of the agencies
sampled believed that their requirements for environmental pre-
diction were being met by the present consulting forecasts they
receive. Typical comments are as follows:

¢ NYSTA has a direct teletype line with Northeast, They get
a daily forecast in the afternoon before the crews go home
so that they know whether it will be necessary to work into
g the evening or night., Any change in weather conditions is
% transmitted immedintely to NYSTA., In addition tc reporting
} snowstorms, Northeast recently added a forecast for iog.
NYSTA reports that forecasts are provided far enough in ad-
vance for then to plan and mobilize. They get forecasts with
a "high degree of accuracy."

® : .A says that Northeast has been able to predict the occurrence.
intensity, and time of arrival of snowstorms ''95 percent of the
time." This is probably a subjective estimate, but it does illus-
trate confidence in the service,

e IDH was satisfied that present consulting services provided
the accurate two-hour warulLig time necded.

e NJHD reports 80 percent accuracy of forecasts and satisfaction
with present services.

That the major highway users are satisficd with the forecasts they currently
receive does not necessarily indicate that there is little or no benefit to be achieved
from improved prediction. A shortcoming of the estimates is that their accuracy
is generally based on best guesses rather than valid statistical measures of hits
and misses. Highway departments in general have not developed such data over
time. In addition, a system to improve predictabili.y has not vet been developed,

i so that potential users of the system have not seen 'vhat the improved forecasts
1 might look like and, consequently, have not considered now thev might rearrange

i their operations to take advantage of them.
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SNOWSTORMS IN METROPOLITAN AREAS

Snow and ice control in urban areas is a major activity in a large portion of
the U.5. During the severe winter of 1960-1961, Washington, D. C., Philidelphia,
and New York, which had a total population of 0.5 millicn, spent about $35 million
fighting snow (and ice). ! Of the 112.3 million peoplie residing in all metropolitan
areas in 1960, about 67 percent lived in regions that average more than ten inches
of snow per ycar. 2 As . rough anproxination, the three cities' snow (and ice)
control costs represent 14 percent (= 10.5/[112.3][0.674] ) of the national total for
that year. Further, snow and ice conirol in metropolitan areas costs ubout $200
million per vear, based on our calculations.

How n..ch cf tiese snow removal costs could be saved with improved environ-
mental prediction, and how could improved prediction reduce the costs of accidents
and traffic congestion ? In speaking witl. municipal government officials and reading
the studies dealing with the procedures of snow and ice control, we acquired an
uncorstanding of the mechanisms involved in determining the costs of fighting snow
in urban areas. A detailed analysis was made of snow control costs, accident costs,
and traffic delays in Washington, D. C., to see how improvements in predictive ability
would affect these costs. We user”’ Washington as a model for projecting these potential
benefits to a national scale, including both the central city and suburban segments of

metropolitan areas. These results were then projected to 1985,

Potential Benefits from Improved Prediction

Records of snow control activities for three winter seasons in washington, D.C.,

d C e s
were obiained and analyzed. ~ These records contained the 1. S. Weather Bureau

1. D.C. Office ¢f the Engineer Commissioner, Traffic Snow Emergencies in
Washington, D. C. (1961).

2. See derivation in Appendix C.
3. See Appendix A.
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forecast that prompted the activities; the actual amcunt of precipitation; when the
precipitation occurred; the timing of the mobilization and dispatch of spreading,
plowing, and hanling units; the number of units participating: and a summary of
the action. A report was made every time city forces engaged in snow control
activity. From November 1966 to March 1969, 40 such events occurred. In oddi-
tion, 15 minor storms occurred that required no mobilization activity.

We were fortunate to have been provided with sich a comnrehenciv~ set of duia
on the many variables required to establish the links between environmental prediction
and snow removal action. These data were collected in much the same form that we
would have required if we had set up a research project to tes: the methodclogy devel-
oped in the beginning of this report. However, we have been unable (o find comparable
data for other cities, so we have made an in-depth analysis for Washington and scaled
ur o benefits to a national level,

Since our purpose wis to relate snow control costs to the accuracy of the forecasts,
a number of characteristics of each of the events were extracted in our search for sig-
nificant relationships, according o we method in Chapter 4. First, wec made a su.-
jective judgment of the qualit' of the forecasts, based on a comparison between the
predicted and actual events. Y e 40 events involviig mobilizatien wore o assificd
as having "low or missed” forecasts, “"good” forecasts, or "high or false alarm”
forecasts. Low forecasts result in inadequate initial actions, often causing more
traffic delays and higher ultimate clean-up costs. High forecasts prompt an in-
appropriately high level of initial activity relative to the actual intensity of the
storm, and therefore excess costs. The 15 events involving a small amount of
snow and no mobilization activity were classified as having "good" forecasts.
These totals and the percentage distributicn among the three categories of forecasts
are shown in Table 3. Nearly hadf the events had forecasts that could not he classified

as "good. " A similar caleulation was muade on data from the illinois Division of

1. The basis for this classification scheme is [ndicated in Appendix A.
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Highways. It is interesting to note that the quality of the forecasts is very similar
in these two cases, both of which represent different kinds of activities and different

climatic characteristics.

Tahle 8

RELATIONSHIP OF SNOW CONTROL TO FORECAST ACCURACY

tlYinois Division
Washington, D.C. .
igton, of Highways
Classification of Forecast T
° Number of |
Percent Percent
Occurrences ]
{.
"Low cr Missed" 10 § 18.2 i3.4
+— :
No Action 15 !
"Good"” 52.6 37.8
Action 14 - M
"High or False Alarm” 16 29.2 23.8
: —4
Total ‘ 533 100.0 100.0
L l i i

Since we observed that slightly less than 50 percent of the forecasts mizsed their
mar (either high or low)--i.e., 47 percent in Washington and 42 percent in Hlinois--
there is 1 potential fo improving forecasts and, consequently, generating cconomic
benefits. We examined this potential in significant detail as to alert and mobilization
requirements for snow 1.moval in Washington with various combinations of accuracy
and lead time of forecast. (The details of the procedures used and the re-nits obtained
are contained in Appendix ALy A major finding was that snow oporations require a lead
time for mobilization of one to twn hours for most efficient and effective operaticens.

In acwal events, there were numerous snow and ice storms when such lead times
were not provided by the forecaster. In these cases there were potential disbenefits
to society that could be overceme v more accurate prediction,

There are three wpes of benefits that could possibly result from improved
prediciability and 4 more timely mobilization of snow removal crews. The first,
and most obvious, are the possible cost savings {0 the ity from more efficient

snow removal operations,  Second, the nuinber ¢ " aceldents would »robably
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decerease when emoval oporations ke

ep ahreast of & storm Thipd, e

potential reduction in congestion, and consequentiv savings in iraveier imo nse,
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Savings in Snow and Ice Control Coats

lead time to allow ere mobilization. If the predictions do nor o0 thewe oo

cess costs may be incurred by the city in its snow conirsl setivity,

deviations trow: the desired conditions can be eliminated, benefits
control costs may be reulized.

Benefits to the city, in terms of reduced snow couatrol costs, can be obtained
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Toes'laute savings in snow comoeval costs, we used the following procedure.
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We toen the record of the 33 snow oceourrences in this three-seazen time period and
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evels of imoroved predictive ability.  For the base case, we cpplicd the appreprisie

estimating relationships to the storm characteristics and ferecast categopy for each
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of the storms. For the three successively better levels of predictive ability, we
onzerved the snow control cost differences as more storms move tu the category
of "good" forecasts with one-hour iead {ime for mobilization. (The exponential
form is useu for storras with snow measuring more than a trace. Zero truck hours
is used for storms with no snow or a trace.)

The three levels can be roughly described as 25-percent, 50-percen:, and
100-percent improvement in preu. ‘ive ability, with 100 percent representing
"perfect" forecasts, i.e., elimination of all high and low forecasis and forecasts
with lead times other than one hour. (Table A-1 in Appendix A shows this process
and shows the anticipated differences in truck hours over this three-year period
for the three levels of improvem: t.) T-ble 9 summarizes the: > results. Each
successive improvement indicates a higher cost savings of snow control.

To tranrslate these improvements :nfo wnnualized costs, the cost per {ruck
hour avoided must be calculated. In this setting a "truck hour' has many aspects
that reflect a cost, The trucks may be city-owned or coutract trucks. They may
be speclalized equipment (rotary blowers, spreaders) : trucks usually used for
some other activity (sanitation, hauling) but adapted for snow control. The adapting
devices may be chemical spreaders, plows, etc. The activities engaged in by these
tm2ks range from waiting (at city facilities or at critical sites such as bridges and
hills) to wctual spreading of abrasives, plowing, or hauling. Nonproductive but
esgen’’~! activities such as refueling, travel to work sites, and emergency repairs
also accovnt for some truck hours. The cost to the city of a truck hour consists of
the materials, labor, and equipment depreciation.

The calculation ¢f the cost 1. » truck hour is presented in Appendix A. The
figure used ($22.62) is an average cost, accounting for equipment, materials, and
labor. This {7 = valid cost, since we are talking about relativelv long-range changes
in the ope-autl..g environment of the snow control activity. During the period of time
needed to realize a given change in predictive abiiity, it is assumed that the entire
level of operations cculd be changed so as to gain the potential cost savings indicated

by the average cost figure.
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Table ¥

ANNUAL POTENTIAL BENEFITS FROM IMPROVED FORECASTING
TO SNOW CONTROL EFFORT IN WASHINGTON, D.C.

- - i
; Anr t
Level of . Potential Reduction | Anmual Savings in ual Cobs
Imprcvement, . v a ) Savings,
. in Trick Hours Truck Hours
percent dollars
25 13,560 4,520 90,500
50 22,970 7,657 173,500
100° 52,740 17,560 397,060

a. Three-year period.
b. One trucl: hour costs $22.62, as explained in text.

. "Perfect" forecast.

When this figure is applied to the differences in truck hours «ssociated with the
thrce levels of improvement (shown in Table A-1 of Appendix A), we arrive at a
measure of the benefits that could be realized by improved prediction over the
three winter seasons. The resulting annual average potential savings are $30,900,
$173,500, and $397,000 for the three leveis of improvement (see Table A-2).

Preventing Traffic Accidents

As a result of investigating the causes of traffic accidents associated with snow-
storms, we fortind that there are two areas of potential benefits {from improved fore-
casting--eiiminating accidents occurring during the early portion of a storm and
eliminating accidents after the storm. Both are related to delayed action on the
part of the snow control forces. Thea preveniable accidents early in a storm would
occur on streets that had not yet been salted. Accidents occurring after a storm
would be agsociated with a delay in clearing due to a late start or a "low' forecast.
In either case, 2n increase in the warning time for mobilizing forces or eliminating

forecast errors on the low side should reduce the incidence of these types of accidents.
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It is important to remember, however, that weather and road conditions are
only some of the factcrs involved in causing accidents. In fact, there may be some
adverse effect from maintaining better rosd conditions by means of better forecasting,
Studies have shown that the unit cost of accidents on dry pavement is higher than on
snowy pavement, because drivers are more cautious on snowy streets and drive
more slowly, resulting in less damage and fewer personal injuries when accidents
d. 2ccur. Eliminating accidents on snowy streets by means of better forecasting
will probably result in a smaller number of more severe accidents.

Potential savings with regard {o accidents were calculated in two ways, which
provided a check on our results. First, the savings for Washington were esti-
mated by extrapolations of data collected for Chicago. 1 As enumerated in Appendix B,
we estimated that approximately 1,300 accidents annually--at about a cost of $250
per accident--couls be avoided in Chicago. Z Perfect forecasts would save the
motor vehicle sector of the Chicago transportation industry about $325,000 per
year.

Or the basis of differences in the scale of activities and intensity of snowfall
in Chicago and Washington, a ratio of the costs of accidents preventable was
estimated to be 6 to 1, Using the 6 to 1 ratio, we estimated that the maximum
savings in snow-related accidents for the District of Columbia would be $54,000
per year.

To check this estimate, the record of accidents in the District of Columbia
was studied for a three-month period, using data provided by the D. C. government.
We estimated a maximum annual benefit from accident prevention of $64,000 per

year. This corroborates the $54,000 exirapolated from the Chicago study.

1. APWA Research Foundation, Snow Rer:oval and Ice Control in Urban Areas,
Report No. 114 (1965).

2. The unit cost of accidents on snowy streets was reported at between $210
and $295 in the 1965 APWA study.
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Assumiug 2 straignt-line relationship between predictive improvement and
benefit, we get the foiiowing benefit estimates frcm three levels of improvement

(based on the Washington data):

Level Improvement in Reducing Number of | Benefit to Washington, D. C.
Low or Late Forecasts, percent in Reducing Accidents, dcllars
1 25 16,000
2 50 32,000
3 100 (perfect forecast) 64,000

An estimate for excess fata'” 'es due to improved weather prediciion was found to
be relatively insignificant--i.e., eliminating up to 180 such accidents per year

would reduce the death toll by ebout 0.3 deaths per year.

Benefits from Reducing Transportation Delays and Inconvenience

The delays and inconveniences suffered by the road users are affected by traffic
characteristics, the layout and state of repair of the road system, the intensity of
the storm and resulting vi.ibility and road conditions, the emergency procedures
established to combat the effects of snowstorms, and compensatory actions taken
based on forecasts. It is this last effect that is of interest here,

Our investigation showed that the areas for reduction in the cost of delays are
the same as for traffic accidents; late or low forecasts will cause excess delays
both during the early portions of a storm and in the aftermath. Both of these effects
are related to the level of snow control activity, which in turn is sensitive to forecast
accuracy. The delays early in a storm are also affected by the number of people
choosing to travel during that period of time, uand this is also related to the accuracy
of the predictions.

A detailed study of the forecasting effects on user delays would require informa-
tion on traffic levels and trip durations under varying road conditions that were in-

fluenced by forecasts of varying levels of accuracy. Such data were not available fer
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the Washington, D.C., area. During snow emergencies, a great strain is put

o-. both the operating and administrative personnel in a city government, with physical
and labor resources being shifted to temporary emergency duties. It is not surprising,
therefore, that these data are unavailable.

The effect of predictive levels on user delays can be approximated indirectly.
From 1954 to 1961, federal and municipal employees working in the District of
Columbia were excused from work for a total of 341 hours during periods of snow
emergencies, The cost for the hours of work missed averaged ® million per year. -
Government officials take action in concert to excuse employees from work in response
to forecasts of severe snowstorms because of the cost, inconvenience, and dangers
involved in having more than 200,000 motorists trapped on impassible highways. It
is assumed that, based on the informaticn available, the government officials take
action for early release of employees (and consequently incur a loss in productive
iabor) to offset a social cost (due to delays) of a magnitude equal to or greater than
the cost absorbed by the government in the early release. Tt <, the decision tc
dismiss employees early was made in the belief that the costs of the delays avoided
would exceed $2 million annualily.

If the release d: :isions are L "sed on forecasts of the same relative accuracy as
those affecting snow control operations, then these forecasts wouid be distributed in

the following way:

Low or missed forecasts 18.2%
Good forecasts 52.6%
High or false alarm forecasts 29.2%

The "good" and "high' forecasts result in early dismissal and the "low" fore-
casts result {n delay costs that are absorbed entirely by the road useirs. If approxi-

mately 82 percent o1 the forecasts result in an annual cost to the U. S, and District

1. D.C. Office of the Engineer Commissioner, Traffic Snow Emergencies in
Washington, D.C. {1861).
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governments of $2 miliion, then the remaining 18.2 percent of the forecasts imply
a cost to the travelers of $445 thousand (= [18.2/ 81.8]$2 million). This estimate
is based on 1960 wages and employment levels. However, employment by the U.S.
and District governments in Washington rose from 250,000 in 1960 to 261,000 in
1867, an increase of 4 percent. 1 If we use the increase in hourly wages in manu-
facturing in D.C. as an indicator ($2.20 in 1960 to $2.94 in 1968), ther~ is an in-
crease of 34 percent in the cost per hour of employees released and the hourly

cost of delays. 2 Thus, an estimate of the annual cost of delays caused by low or

missed forecasts, adjusted to present levels, is $620,000 per year (= $445,000 x
1.04 x 1.34, for Washington, D.C. Assuming a straight-line relationship between

reduction in the amount of these inaccurate forecasts and a reduction in tn.~ cost of

traveler deiays, the potential benefits for three levels of imiprovement in prec ctive .

ability can be summarized as follows:3

Level Improvement in Reducing Number of | Annual Benefit to Washington, D.C.,
Low or Missed Forecasts, percent [in Reduced Road-User Delays, dollars

1 25 155,000 = '
2 50 310,000 :
3 100 (perfect forecast) 620,000 .

Te some extent, these estimates understate the actual benefits to Washington, D.C.,

from reductions in traveler delay and inconvenience. Government employment in the SRR

I)
District accounts for about 52 percent of all employment.® When the federal govern-
ment authorizes the release of its employees, many other employers follow suit, .

thus implying higher benefits than are presented above. Also, the figures above

i Pt e ia

1. U.S. Department of Commerce, Bureau of the Census, Pocket Data Book--
USA 19689,

2. Pocket Data Book.

3. The savings to employers from reducing the incidence of high or false claim
forecasts is a significant benefit, but outside the transportation sector.
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were derived by equating the cost of user delays to governmer.: losses, whereas
these delays may be considerably greater than the government's losses.

However, the concentration of workers in one industry and under one centralized
conirol makes Washington rather unique. The release of citizens in other employment
centers is the result of many diverse decisions. we assume, then, than an improve-
ment in predictive ability will have relatively less of an impact in other cities. There-
fore, the scaling to national levels in the next section tends to overstate the impact of
improved prediction. In the absence of more detailed information, we hope that the

understatement will cancel out the overstatement.

Extrapolation to Nationwide Benefits

Improving predictive ability ir “orecasting the onset and the intensity of snow-
storms should reduce snow and ice control costs, the costs of traffic accidents, and
the disbenefits associated with traffic tie-ups. Our experience with Washington
suggests the mechanisms that would produce these benefits.

The ¢~ “ts that result from snow falling in an urban area depend on many inter-

acting variables, some of which are quite random (such as time of snowfall, rate

of fall, number of travelers on the road, etc.). The cost of an individual storm can
be greatly affected by small variations in weather phenomena (such as ground temper-
ature). The annual cost of urban snowstorms in «n area is the result of many mech-
anisms responding to a host of influences, \only one of which is the quality of the
forecastg. To model these mechanisms and coilect the pertinent data for every
area in the U.S. woulu be extremely difficult. Consequently, v~ lcoked for a o,
simple way to relate the D. C. estimates to a national scope with readily obtain-
ablae data.

Obviously, the snow removal costs for an individual storm increase with the
amount of snow that falls (see Figures A-1, A-2, A-3 in Appendix A). Annuzl
snow conirol costs in Washington reflect this phenomenon (see Appendix C,

Figures C-1 and C-2). In comparing annual costs among citics, the city size
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also has a direct relationship to snow control costs. Our scaling factor thus reflects

the variations ir snowfall over the country and the size of the areas affected.

Comparison of Washington, D.C., with Other Cities

A relationship between potential benefits for Washington and for a group of the
75 largest cities with significant snowfall was derived in Appendix C. Our exper-
ience with the District of Columbia guided us in selecting a relationship that makes
intuitive sense and i.ts our data. We found that Washington's share of the potential
benefits for thesc 75 cities i 1.105 percemt of tiie tutal, However, several of the
smaller cities were not included on our list, so scaling factors were devised to pro-
vide for inclusicon of the remaining central cities (details in Appendix C). The factor
for scaling District of Columbia benefits to the total annual benefits for all cities was
calculated to be a multiplier of 128.7.

In 1964, 63 perceat f the U. 8. population iived in the metropolitan areas listed
as SMSAS.1 Of thesze 113 million people, 54.5 million lived cutside the central cities,
which compares with 58.3 million central city residents. This represents quite a
large target for potential benefits.

For thi - stuuy, the suburban areas were assumed to be similar to small cities,
in terms of the expected benefit response to improved forecasting. The same mech-
anisms of cost incurrence (removal operations, accidents, and delays) exist, and
the suburban areas resemble many of the smaller central cities in thelr characte.-
istics of land use and population density. For 1968 levels of population, the scaling
factor between Washington's benefits and those for all suburban areas was calculated
to be 260.

The benefits for the nation as a whole are thus found by multiplving the benefits
for Washington by a factor of 388.7 {128.7 for central cities plus 260 for the suburbs).

Projecting to 1968 Activity Levels

Trends in the growth rates of urban and suburban populations were extrapcisted

into the future. Since the incidence of snowstorm: is not likeiy to change over the

1. Standard metropolitan statistical areas as defined by the Bureau of the Census.
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next few decades, any changes in the magnitude of benefits (aside from variations
in price) would have tc be due to increased activity leveis. Population was chosen
as the indicator of activity levels. The scaling factors derived for centra. cities
and subvrh= were then adjusted for projected changes in activity ievels.

The assumptions that are important for the calculations carried out in
Appendix C are as follows: that ther~ will be no change in the fraction of U.S.
residents living in regions with significant snowfall (67.4 percent), central cities
will experience little or no net growth, and 70 percent of the projected growth in

i populaiion will accur in uburban areas. The scaling factors for central cities
and suburbg at agsumed 1985 activity levels (1968 prices) are 128.7 and 486,
respectively (see Appendix C).

Adjusting for Technological Changes

It can be expected that the henefits from improved forecasting in 1985 will be
relatively less than at present for cities of comparable size. The reasons for this
stem from the changes that are likely to occur in transportiation operations and from
tochnological innovations in fighting snowstorms and reducing costs.

We would anticipate some decrease in street level iraffic as more cities take
action to reduce urban congestion. Some cities, such as Washington, will have new
underground rapid transit systems to relieve the bucden on city streets. There wiil
alao be an effect on traffic in the surrounding suburbs served by these systems ana
extensions of existing rapid transit systems. Other innovaticns such as fringe
parking for commuters at rapid transit terminals wiii become more widespread
and consequent!y reduce the volume of traffic. Such g reduction will make the
total cost target smaller, thus reducing the potential benefits.

Technological advances have lowered the cost of snow fignting. These include
the widesnread use of salt on streets,1 the development of more efficient machinery

for snow control, 2 and the use of heated pavements on bridges, hilis, and other

1. Used extensjvelyv in Washington only after 1945,

2. For example, hydraulic powered epreaders, vibrating snowpiow blades,
front loaders for snow i wling, etc.

x
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isolated trouble spots. Snow removal operations have been wmade more efficient by
the use of radio controlled equipment. There is considerable movement towards
making automobiles safer, and there continues to be pressure for reducing the cost ’
of acciucnts, in terms of personal injury and mechanical damage. While it is impossi-
ble to predict exactly what improvements will come in the next 15 years, it i3 assumed
that improvements will occur. These can only contribute to lowering the potential for
benefis due to imoroved weather forecasting.

A subjective estimate of the reduction in potential benefits is that 20 percent per
decade is entirely feasible. Thus, benefits calculated for 1985 will be reduced by
about 35 percent to account for the changes in operaticns and technology between 1968 !

and 19€5.

Benefit Computation--National, 1985

Table § shows the summation of benefits at *.e three levels of improved pre-

s ¥ s S

diction for Washington. D.C. Table 10 summarizes the derivation of the scaling
factcers for projecting the benefits found for Washington, D.C., to a national scope
for the 1985 t{me period. The annual benefits for the three levels of huprovement
tfor the District of Columbia are shown in 1968 doilars. The resulting expected

national beneflts are then shown in the lower right-hand column.

Extrapolation of Benefits to All Aspects of Ground Trangposisation

In deriving estimates of potential benefits from improved prediction for snow-
storms in urban settings, we illustrated a technique that could be apglied to other
‘ settings. Given sufficient time and resources to ynuwer and anglyze appropriate
dats, we could derive estimates of the benefits asrociated with other elements of
: ) ground transportation. Our analysis of the urban snow problems, howcrer, permits
us to make rough estimeates for the other areas of Importance. These estimates are

arrived at by comparing the magnitudes of the activity levels between the urban snow

problem and the other elements of potentia! benefits irailreads and inter-urban high-

wayv fransportaticn).
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Table &
BENEFIT SUMMARY FOR WASHINGTON, D.".

-
Annual Benefits, .
Predictive Improvement Leel , Activities
dollars
30,900 Removal
16,000 Accidents
Level 1 155,000 Delays
261,900 Total
173,500 Removal
32,000 Accidents
Level 2 310,000 Delays
515,500 Total
397,000 | Removal
64,000 Accidents
Level 3 620,000 Delays
1,083,000 Total

[y 4]
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Tabie 10

SUMMARY OF NATIONAL BENEFITS--
IMPROVED FORECASTING OF SNOW STORMS
IN METROPOLITAN AREAS

__mwn—-_n_-z—ﬁ
l Scaling Factors from Washington 3enefi’s

. Total
Central Clties Suburban Areas L
Metropolitan Areas
1968 Activity Levels .
’ Ty e 128.7 260 188.7
and Technology
1955 Activity Levels, .
o 128.7 486 614.7
1565 Technology
1985 Aciivity Levels, ‘ ‘
SCUVILY Leve 84.0 216 460,0
1985 Technology
| SR —— s .
Washington, D, C, Benefits - 1985 Activity Levels . xd Tectno.ogy
196% Benefits for Taree
ovels o ‘redictiy Total
Levels of Predictive Cemral Cities Suburban Areas ota

improvement Metropoliten Arcvas

Level 1 (25 percent)

3261.9 thousand $22.0 mtllion § 82.7 miilion $104.7 million
oD W
Level 2 (50 percent) I .
25155 ﬂl{)l?’i’iﬂd $43.3 million £163.0 million $206.3 million
S5313.5 8¢
Level 5 (100 percent) . L 3 o ,
S1.083.0 thOPusrmd $01.0 mitiion 4.0 milt.on S43Z2.0 millior
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As discussed eariier, railroads have certain small potential benefits such as
snow control and property damage reduction. The potential savings in the cost of
delayvs, however, seem to be negligible. We will assume that the benefits attainable
for railroads are comparable with those of snow in urban areas on the basis of the
relative mangitudes expended for snow removal: $24 million annually for railroads,
$200 million annually for motropolitan areas. Thus we can apply a factor of 0.12
(= 247200) to the benefit categories of snow conirol and accidents of urban areas to
get the corresponding estimates for the railroads. In our judgment, this appears
to produce reasonable, if optimistic, benefit estimates.

We found that intercity highways were a source of benefits very similar %o those
for iirban areas; snow contvoi, accidenis. and delays are all important. Using the
relationships derived in Appendix C for extrapolating benefits, we estimate trat the
arnual cost of snow contro: for the eight New York State cities in the sample accounted
to about $24 miilion. ! This compares with - total of $26.6 million spent annually by
the New York State Thruway Authority ($8 million of its $16 .aillion budget) and the New
York State Departi.aent of Transporiation ($18.6 million). 2 If the snow control cost -
of the suburban areas were added to the urban costs, the relationship between inter-
city areas and the total of metropolitan areas would be represented by a ratio of less
than 1:1 ($26.5/$24 million + suburban cosis). Mew York State is atypical of the
country &s a whole, nowever, in its great urban and surburban population. We will

assume, thorefore, that an overall ratio of 1:1 between potential intercity benefits

and metropolitan benefiis exists, and we will apply a factor of 1.0 to get the inter- <N

city highway benefits, a judgment factor that seems reasonable.

Table 11 summarizes the application of these scaling factors and lists the total
estimate of benefits for the ground transportation industry as a whole. These range
from $214.6 million annually for a 25 percent improvement in predictive ability to

$£86.1 million for the case of perfect forecasts.

1. This was on the basis of population and snowfall as factors for scaling up
New York City's average of $7.9 million.

2. See the General Findings section of this chapter.
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The estimated berefiis to ground transportation shown in Table 11 do not, of
course, represent the total potential benefits from improved predictability. Such
henefits do represent that proportion of total effects that could reasonably be
quantified using the mcthodology developed in this study. Further research and
data collection are needed to provide the basis for quantification of benefits for
weather phencmena other than enow and ice storms and for rescheduling and

rerouting highway and railroad operations.
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MARINE TRANSPORTATION

For the most part, there are no quautitative studies of the effects of weather
prediction and loss avoidance on marine transportation (setting aside for a
moment a few recent papers on optimum ship routing,. This chapter, then, be-
gins with an overall assessment of weather and marine operations.

Normally, temperature extremes, snow, rain, or hail do not significantly
alter ship operations outside of the high latitudes, although these environmental
parameters can have a deterrent effect on ship speed and efficiency. On the oihicr
hand, wind and related wind waves have serious effects on a ship at sea. Port
operatione are theoretically unaffected by wind, humidity, and temperature ex-
tremes. Precipitation, though, can cause longshoremen to stop work, resulting
in nonproductive labor costs. These effects suggested the following areas for

investigation:

e reducing vessel transit time through ship routing;
e preventing vessei damages anc
e preventing cargo damages and losses;

o more efficient icebreaking operations, due to improved scheduiing
of operations related to predictions of ice thew and freeze-up;

¢ reducing fatalities due to adverse weather, and improving search
and rescue operations;

® Increasing passenger comfort by routing ships around bad
weather; and

o reducing nonproductive port services--longshoremen labor costs
during rainouts, for example.
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In accordance with our methodology (see Chapter 4), we first assess the
magnitude of all recoverable costs or losses, in each area, assuming complete
elimination of environmental uncertainty. It should be understood, “owever, that
by "all" we mean those that are not recoverable by proper use of current predic-
tive skills. This procedure gives the upper limits of berefits that improved pre-
diction might achieve; attainable henefits will be less than these. As before, we
use these assessments t0 determine whether postulated levels of improvement
should be described precisely, according to the remainder of the methodology in

Chapter 4, or subjectively, as in Chapter 6.

REDUCING VESSEL TRANSIT TIME

The generic term for guiding a ship around adverse environmental conditions
is optimum ship routing {OSR), which can best be described as the selection of an
optimum track for ship transoceanic crossing by making use of predictions of
wind, waves, and current. 1 Optimum is to be interpreted as a combination of
least time, r~ximum safety (damage avoidance), or passenger comfort. The
technique and results achieved have been well documented. 2 Basically, the op-
timum ship routing forecaster applies his knowledge of the ship's performance

in & seaway to a forecast of ses-surface wind, wave, and current conditions in

1. Because of boundary (i.e., land) and destination: constraints, coastal ship
routes do not benefit as significantly from ship routing as do those ships on trans-
oceanic routes. Coastal voyages depend more on a surveillance watch than opti-
mum routing. Similarly, inland (lake and river) transportation does not henefit
from OSR.

2. R.W. James, Application of Wave Forecasts to Marine Navigation, U.S.
Naval Oceanographic Uffice Publication SP-1 (Washington, Jjuly 1957); JJ. P. Powell,
Weather Routing of Military Sea Transportation Service Ships in the Noi h Atlantic,
Winter Months 1957-1958 May 1958); R.W. James and G. L. Hanssen, Evaluation
of the U.S, Navy Hydrographic Office Ship Routing Program, U.S. Naval Oceano-
graphic Office Publication TR-53 (Washington, July 1968); and R.W. James and
G.L. Hanssen, ""Optimum Ship Routing, " Journal of the Institute of Naviration,

XIO J-ly 19£0),
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the general p~th of transit, and constructs a chart of probable shi; speed along
any given track. With this information the methods of geometric optics are used
to construct the optimum track. Constant surveillance is maintained over the
routed ships and their routes are changed if necessary.

Despite 2 remarkable success with OSR, precision routing is limited by the
decreasing accuracy of environmental prediction with time. Sea-state, wind, and
current forecasts can be prepared in some detail for two or three ‘'ays in advance.
The reliability of the prediction, however, decreases progressively after the first
day. Forecasts beyond three days must be issued ir less gpecific terms. 1

Optimum ship routing is performed for all Navy ships by Fleet Wether Central
(FWC) in Alameda, California (Pacific crossings) and Norfolk, Virginia (Atlantic
crossings). Included in the Navy routings are military manned ships, Military Sea
Transportation Service ships, and all ships chartered to MSTS, In addition, com-
mercial ship routing, provided by four major companies, is available to the mer-
chant fleet. 2 Also, some steamship companies maintain an in-house environmental
prediction capability. Despite OSR's demonstrated capability, man’ commercial
steamship companies are reluctant to use s routing service due io insufficient con-
fidence in environmental forecasting sources and techniques--ship captains are un-
willing to accept a land-based meteorologist's advice over their intuitive seamanship. 3

A classic exampie of OSR is the Bremerhaven to Norfolk case. Two MSTS

ships departed Bremerhaven, Germany, for Norfolk Virginia, within 8ix hours

1. Currently, OSR activities are constrained by the number of relevant ob-
servations to a greater degree than forecast agencies concerned primarily with
the continent.

2. ALWEX (Allen Weather Corp.;, Washington, D.C.; Berdix Commercial
Service Corp., New York; Pacific Weather Analysis Corp., California; and
Weather Routing Inc., New York.

3. RMC conducted a telephone survey of 30 large U. S -ccntrolled steamship
firms in the New York and New Orleans areas. Of the tctal 1,500 transoceanic
crossings ner year reported by these companies, approximately 500 were routed
by a commercial ship routing service.




of each other after receiving route recommendations from FWC NORVA. The
first ship to depart ignored the recommendation because the route suggested
transit through an area normally characterized by the Icelandic Low. The captain
took the time-honcred southern route. In doing so, the ship steamed directly irto
the Icelandic Low, which had moved abnormaily south. By following the OSR
recommendation, the second MSTS ship, although departing six hours after the
first, arrive? in Nnrfolk eight days before the first ship. Aside from time lost,
the first ship experienced considerable damage. 1

Although this example is not a normal occurrence, it illustrates the benefits
of OSR. Average estimates of time saved uu transoceanic voyages as a result of

OSR are presented in Table 12 for Atlantic and Pacific ¢rossings.

Table 12
TRANSOC EANIC TIME SAVINGS

Estimste of Time Saved (hours)a
OSR Source
Atlantic Pacific
Allen Weather Coerp. 10.0 25.0
Bendix Commercial Service Corp. 13.0 23.0
Fleet Weather Central (U.S. Navy) 13.0 19.0
Pacific Weather Analysis Corp. 12.0 24.0
Weather Routing Inc. 14.0 26.0
Average Hours Saved Per Crossing 12.4 23.4

8. These estimates represent time that has been saved due to OSR (i.e. . historic)
and should not be construed as potential time savings.

When a comniercial or MSTS ship saves time as a result of OSR, this reduced

transit ime has the direct eifect of reducing operating costs and would be a benefit

1. Mr. John Crozier, Fleet Weather Central, Norfolk, Virginia,
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to the steamship company for commercial vesseis or to the government for MSTS
ships. Therefore, the remainder of this section will evaluate the effect that more
accurate OSR would represent. As such, three estimates were required to be

made:

the number of merchant and MSTS voyages applicable to OSR,

the average operating costs of merchart and MSTS ehips, and

e the level of OSR improvement that could be expected as a result

of i».proved environmental prediction.

The annual number of Atlantic and Pacific crossings made by the merchant
and MSTS fleets was estimatad from two sources--the Maritime Administration
and U.S. Navy Fleet Weather Centrals. The Maritime Administration (Trade
Route Studies Department) retains detalled statistics regarding the number of
U.S. merchant ships traveling the essential trade routes of the world. The
total number of U.S. merchant ships traveling these routes is presented in
Table 13 for 1958 and 1965. 1

COMSTSINST 3140.24 requires that g!l MSTS and MSTS-chartsred ships
utilize OSR.2 Therefore, the anpual summaries compiled by FWC Norfolk and
FWC Alameda were assumed to represent total Atlantic and Pacific MSTS cross-
inga, respectively. Table 14 presents these totals for 1959 through 1967 where
avaitable,

1. The yasr 1958 was selected to deplc¢ trade route dunsiti- 5 at the time of
OS8R inception; 1565 was used because it was the last year that M RAD had de-
tailed sta’istics on trade route densities. Further, some routes cannot use OSR.
With OPNAVINST 3140.498 and COMSTSINST 3140.2A as baselines for OSR quali-
fication: ". . . the length of vovege should be 1,500 mliles ur more in unreatricted
waters to realize atgnificant henefit,

2. Subject to the 1,500-mile limitation.
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Table 13

: MERCHANT SHIP TRADE ROUTE DENSITY
¢ Trade| * DensityP
th;ut: or| U.S8. Coastal Area Foreign Area i
i B2 1958 | 1965
1 | --| Atlantic East Coast Sout'. A.erica 162¢] 124€
2 | --| Atlantic West Cozst South America 233C¢| 187¢€
4 | --| Atlantic Caribbean 800¢| 469C€
5 | A | North Atlantic United Kingdom/Continent 406 | 321
6 A | North Atlantic Scandinavia, Baltic i11 83 |
7 | A | North Atlantic United Kingdom/Continent 261 | 337
@ | A | North Atlantic United Kingdom/Continent 170 | 391
9 | A | North Atlantic United Kingdom/Ceontinent 312 296
1v | A | North Atlantic Mediterranean/Black Sea 611 543
11 | A | South Atlantic United Kingdom/North Europe 81 59
i 12 | A | Atlantic Tar East 337 | 270
: 13 | P | South Atlantic/Guli | Mediterranean/Black Sea 238 | 296
! 14 | A| Atlantic--Service 1 | West Africa 47 51
: 14 A | Gulf--Service 2 West Africa 34 54
; ; 15A | A | Atlantic South and East Africa 139 82
15B| A Gulf South and East Africa 39 33
‘ 16 | P | Atlantic/Gulf Australia/New Zealand 42 19
17 | P | Atlantic/Gulf/Pacific| indonesia/Malaysia Po210 | 201
F_ 18 | A| Atlantic/Gulf India/Persian Gulf/Red Sea | 334 | 423
4 19 | --| Gulf Caribbean/Eastern Mexico 434¢1  250¢
20 | --| Gulf East Cosst South America 112¢  107¢
21 | Al Gulf i United Kingdom /Continent 275 | 172
22 P Gulf Far East 138 164
23 | -~| Pacific Caribbean/Eastern Mexico 48¢ 29¢
o 24 | --1 Pacific | Esst Coast South America 52¢|  41€
, 25 --1 Pacific . Western Mexico/Central and :
;5 . South America | w0t 183C
26 | Al Pacific ' Western Europe 16 1 15
27 | P: Pacific | Australia/New Zealand 51 24
28 | P. Pacific Southwest Asia/Red Sea/Aden 188 | 144
29 P Pacific . Far East 985 ; 768
31 | --i Gulf West Coast South Amerlca 127 42€
32 | --! Great Lakes Western Furope | 0 15€
33 --! Great Lakes | Caribbesn 0 0
34 | A Great Lakes | Mediterranean, Red Sea/india/ ,
i Pakistan \ 34
Total sferchant Voyages { 7,174 16,217
Number of Vovages A.plicable to OSR P 5,126 [ 4,730

a. Svhject to OSR in the Atlantic (A} or Pacific (P).
Lk :present sailings of ships over 1,000 gt engaging in ocean-going trade.

c¢. Due to 1,500 miles in unrestricted waters limitation, these routes are not
applicable to OSR.
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Table 14
MSTS OCEANIC CROSSINGS

Routings Provided
1959 | 1960 | 1961 | 196Z | 1963 | 1964 | 1965| 1966 | 1967

Ocean/OSR Facility

Atlantic
(FWCNORVA) 320 | 528 | 522 | 617 | 662 780 | 895 | 845 | 909
Pacific (FWCALA) | 335 | 758 | 868 | 876 | 873 918 | 808 a a

a. Data unavailable.

By utilizing the data in Tables 13 and 14, the total number of voyages applicable

to OSR was estimated under the following assumptions:

¢ The average number of historic transoceanic voyages was assumed
to remain rela.vely constant on an annual basis, 1 Further, the
averazge breakdown of Atlantic and Pacific crossings in Table 14
was assumed to remain relatively constant. 2

e The average number of Atlantic and Pacific routings provided by
FWC for MSTS and MSTS-chartered ships was assumed to be
indicative of future MSTS-oriented transoceanic crossings.

¢ The sum of the merchant average and the MSTS average was as-
sumed to represent the total number of voyages applicable to
OSR.

Thus, the approximate numbers of voyages applicable to OSR were 4,000 across the
g _ Atlantic (3,150 merchant and 850 MSTS) and 2,600 across the Pacific (1,800 merchant
and 800 MSTS).

1. Mre. K. Vanloon, Trade Runte studies Department, MAEFAD, stated that
'"the majority of transoceanic voyages are run on a scheduled basis year after
. vear--much the same as the alrlines." Analysais of 1965 trade route data resulted
: in 92 percent of transoceanic voyages being scheduled--the remaining 8 percent
: were of an unacheduled nature.

! 2. Comparison of the Atlantic and Pacific voyages listed in Table 13 did not

§ vield a significant difference--Atlantic: 3,124 (1957) versus 3,190 (1965); Pacifi~:
i 2,002 (1957 versus 1,600 (1965'. Tlue apparernt difference in Pacific croasings is

% a result of the Vietnam War. Ships meking a voyage under MSTS charter would not
% be included in the 1967 total. They would be accounted for in the MSTS estimate,

| however,
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To estimate the average operating cost of a merchant or MSTS ship, MSTS
Report 3110-3, Summary of Chartered Ships, was used. This report contains per

diem -ates (as of September 1, 1969) on 203 ships that are available to MSTS for
charter. Assuming the listed per diem rates to be representative of operating
costs, the average daily operating cost of merchant or MSTS-oriented ships is
approximately $4,500--or $190 per hour.

Two viewpoints were obtalned in an attempt to assess the magnitude of OSR
improvement that coula be expected from improved environmental nrediction--
that of the user (i.e., the steamship companies) and that of OSR personnel.

As a result of the previously referenced survey cf large U. S. -controlled
shipping companies in New York and New Orleans. 10 of 30 companies acknow-
ledged the use of OSR. These 0 companies were asked to estimate the additional
time that could be saved per Atlantic or Pacific crossing should the data input to
the ship routers be improved. Three examples, typifying the replies, are pre-
gented below:

® CSR is extremely accurate now. Improved environmental pre-

diction would have only a marginal effect on reduction ot transit
time." (Mr. Joseph Winer, American President Lines, Inc.)

¢ "Environmental prediction is far from being a science. Arvthing
additional learned about the environment will, of course, benefit
everyone. However, how much ship routers will beneiit is not
certain. " (Captain White, Isthmain Lines, Inc.)

e "Appreciably! The more inputs, the better the service. The
North Atlantic inputs are extremely good due to the quantity of
ships reporting immediate conditions. The South Atlantic,
Pacific, and Indian Oceans, however, do not benefit from this
quantity of reports. In summary, the more condition reports
that are generated, the less ship routers are required to
interpolate.” (Mr. Robert Kron, Mamagement and Shipping
Transpert, Inc.}

The assessmeits of OSR improvement by the ship routers were more tangible

although none of the sources responded in e same manner. The various assess-

ments are presented below:
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e 'Utilizing all presertly available data, about 1 route in 10 to 12
needs some modification.” (Allen Weather Corp., This i8 :
ALWEX)

o "Reccnt Windsight analyses have yielded accuracy as high as
95 percent when recommended routes were compared to his-
toric optimum routes and allowing a 1-degree deviation. B
Practically speaking, however, OSR is probably 85-percent ¥
iccurate now and will never improve much above 92 as ap- |
proximately 8 percent of the environment must be considered
purely random.' (Mr, Willlam Kaciak, President, Weather
Routing, Inc.)

o Fleet Wecther  _.rals report the percentage of ‘'routes com-
pleted without vignificant encounter with adverse weather' to
be 71 percent in the Atlantic and 84 percent in the Pacific.
{Fleet Weather Central annual summaries, 1959 through 1967)
Thus the total rec -verable coets resulting from improved environmental prediction
were estimated to be an additional 15 percent in the Atlaniic and 10 percent in the
Pacific. Therefore, equating time savings with OSR improvement, operating costs,

and transoceanic voyages yielded the foilowing equation:

et e oW s madiors 1o it 2= BN G 2y 1T -

T = N { N ¥ A i
OSR Ch{(l a)(Ha)\Aha) + ;))“Hp)" \hp).l |
where ,
'1'05? = tota! recoverable costs attributable to optimum ship :
' routing in {ransit time saved as a result of improved
environmentai prediction;
. C, - $190 = cost per hour to operste a ship:

N , N = 4,000, 2,600 = respective number of tr-as-Atiantic
) and trans-Pacific voyages subject to C3R;

H ,H = 124, 22.4 = respective number of hours currently
saved on trans-Atiantic and trans-Yacific voyvages
by utilizing OSR: and

.’\ha. Ahp = (.15, 0.10 = revpective percertage of addittonal time
that could potentially be saved on trans-Atlantic and
trans-Pacific crossings witn an improvement in en-
vironmental predt *on.
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Exercising the preceding equation yields a total recoverable cost benefit of

approximately $2.7 million per year. This estinate is assumed to be valid for

the future as well because the future V. S. merchant fleet will be newer and faster

o

(zssuming present fleet revitalizatir . effcrts will be realized). Therefore, po-

tentially higher operating expenses will be offset by more rapid transit time.

PREVENTING VESSEL DAMAGE AND LOSS

The study analyzed & 1 estimated the aconomic value of damages and losses

e MR SR A TN S RRRONTIL

atiributed to adverse weather for each of the followirg categovies:

¢ merchant fleet,

x
£
.
H
\.
;

& goverument ifieet,
% small boats, and

& Dbarge and towing.

Merchant Fleet

The mexrchant fleet, for the purpose of this study. includes those commercial

ships chartered to MSTS as well as the bagic merchant ficet, 1 The analysis of

total recoverable losses in the me:rc.ant fleet was made under two assumptions:

® The losses in the METS-chartered fleet are analogous to those
in the basic merchant fleet.

With prior knowledge of adverse weather conditions (winds and
associated wave heights), ships can frequently avoid heavy sea

damage~--~the pounding that results in struciural damage or
breakup.

Under these assumptions, the total recoverable loss was estimated by summiri

the cost to repair those ships damaged by heavy weather and the cost to replace
those ships lost due to heavy weather,

1. The basic merchant fleet includes U, S, flag ships as well as U. 8. ~controlled

ships under a fr—eign lag. ESSO's entire tanker fleet, for example, sails under a
foreign flag.
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Damage

In general, the analysis of heavy weather damage resulted in two assessments--
one qualitative and one quantjtative. The qualitative assessment was derived from
questioning several stearaship ccmpanies now using OSR (10 out of 3¢ companies
queried). Each company was requested to quantify the reduction in their annual
expenditures for maintenance anc repair due to heavy weather gince using OSR.
However, the companies were either unable or uswilling to give up this informa-
tion. They did, however, make qurliiative assessments of one of the following

three statement types:

s heavy weather damage has been reduced to almost rothing;

& heavy weather damage has been rediuced somewhat; or

e have not used OSR long enough to adequately assecs any

reducticn in heavy weather damage.

The quantitative assessment of sicuctural damage reduction came {rom analyzing
the -esults of a study performed bty the United Stales Salvage Assoclation In 1957,
and comparing the study results to recent (1967 and 1968) heavy weather insurance
claims provided by the American Hull Insurance Syadicate,

In 1957, tne United States Salvage Asscriation completed a comprehensive
study of marine aczcide~t{3 tu conventionally powered (i.e., non-2uclear) merchant
ships of 5,000 tons displacement or over for the yeais 1353 through 1956. The
purpose of the study was to delineaie the aceident causation factors and to quantify
the extent of damage sustained by the ships. The portion of the study that analyzed
heavy weather damage concluded--"given a ship 18 damaged by heavy wcather, the

average cost of repair ranges from £32,000 to $53,000. nl

1. The variance in repair cost {8 correlated with the hull configuration and
rated speed of the ships analyzed. For example, a C-2 cargo ship would fall into
the $32,000 category and the newer, faster (at thai time) Challenger-class cargo
ship would be in the $53,000 category.
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The American Hull Insurance Synaicate is the largest underwriter of American
hulls--55 shipping companies encoi..passing $90 large ships (no pleasure craft).
During the vears 1967 and 1968 an average of 270 ships susiained some degree of
heavy westher damage, resulting in claims totaling approximately $1.” million.
Rased on the preceding data, those ships damaged by heavy weather filed an
average claim of approximately $6,000.

Since the earlier statistics were generated before, and the later ones after,
the initiation of optimum ship routing, it is not unreasonable to credit OSR for the
impressive reduction. A great deal of the potential heavy wesather damage has
already been eliminated. H.wever, using the data provided by the American Hull
Insurance Syndicate and the total number of ships now in the U.S. merchant fleet
(approximately 1,300), the total recoverable losses applicable to weather-damaged

2
vessels was as follows:

TMD - (Cmd)(Dmd)(Nm)
where
TMD = total annual value of damage to the merchant fleet,
Cmd = $6,000 = average cost per incident of those merchant ships
) experiencing heavy weather damage,
D = 30 percent = estimated percentage of merchant ships ex-
md
periencing heavy weather damage per year, and
Nm = 1,300 = total number of ships in the merchant fleet.

1. These ships travel the major trade routes of the world. Therefore, the
data provided by the American Hull Insurance Syndicate were assumed to be rep-
resentative of the U.S. merchant fleet.

2. As of June 30, 169, the Maritime Administration (Divieion of Ships
Statistics) accounted for 963 U. S, fl.g vessels. Mr. Schumacher, Deputy Man-
ager of the American Hull Insurance Syndicate, estimates that of the 900 U, 8,
hulls insured by AHIS, approxiinately 75 percent are U.S. flag vessels. This
76-percent factor was applied to the MARAD figure to derive the 1,300 ships in
the U.S. merchant fieet.
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Exercigring the equation ylelds a recoverable ccst, T, __, of approximately

MD
$2 .3 million per year.

Loss

The estimation of annual ship losses due to adverse weather conditions was
accompiished in a similar manner. The sources of data were the Liverpool
Underwriters Association, the U.S. Navy Salvage Office, and the U.S. Maritime
Administration.

The Liverpool Underwriters Association publishes an annual report, by
nationality, summarizing partial and total losses for all merchant ships of 500 gt
and above. These losses are also stratified by the nature of casualty--i.e.,
weather damage, strandings, coliisions, fires, and explosions. Of the two loss
categories and the rine casualty stratifications reported by the Liverpool Under-
writers Association, only the tciz! ioss categor and the weather damage and
stranding stratifications were considered reievant to estimating the total U. S.
merchant fieet losses due to heavy weather. This conclusion was drawn for the
following reasons:

¢ DPartial losses due to heavy weat'ier were considerea analogous

to the structural damage estiiuate in the preceding section.

e There is no indication fuut the "1, 8. merchant fleet has lost a

ship from foundering, collisicn, or fire ¢ ¥ a resuit of adverse
weather since 1950, 1

From 1960 through 1968, the Liverpool Underwriters Association reported

an average annua! loss of 4.8 U. S, merchant ships by all causes. To estimate

the portion of these total losses attributed to adverse weather, the following

factors were developed:

1. A recent cost-benefit study (June 1968) performed by RMC for the Super-
visor of Salvuye, U.S. Navy, has shown that of 310 noncombat zone salvage opera-
tions (approximately 50 percent were non-Navy ships) logged by the U.S. Navy
from 1959 through 1968, there were no total losses of U.S. merchant ships from
sinking, collisions, or fire as a resu’t of adverse weather.
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e the worldwide heavy weather losses, expressed as a percentage
of total worldwide lcsses, has averaged approximately 4 percent;
and

# the portiou of stranding losses attributed to weather--again ex-
pressed as a percentage of total worldwide losses--has averaged
approximately 22 percert.

Table 15 enumerates the data base from which the preceding factors were derived.

a. As reported by the Liverpool Underwriters Association.

Table 15
WORLDWIDE SHIP LOSSES®
(vessels of 500 gt and cver)
Weather Losses Stranding l.osses
Total ,
Year Losses Number Percent Number Weather- Percent
of Total Related® | of Total
1960 114 2 i.8 i1 31 26.2
1961 78 0 0.0 32 16 20.5 B
1962 124 4 3.2 68 34 27.4
1963 148 1 0.7 71 36 24.3 it
1964 117 6 2.9 47 24 20.5
1965 154 8 5.2 69 35 21.4
1966 159 14 9.1 52 26 16.3 .
1967 | 163 8 4.9 64 32 19.6 .
1968 157 15 9.6 61 31 19.7 :

b. Based on the study results ot salvage incidents involving the Supervisor of
Salvage, U.S. Navy; approximately 50 percent of ship losses due to stranding
are weather-related (see RMC Report UR-076, Cost-Benefit Analysis of U. S.
Navy Salvage Operations [June 1969]).

Assgessing the value of a lost merchant ship depends on a number oi parameters

iy,

such as ship type (i.e., cargo or tanker), size, speed, and age. The Ship Valua-

tion Committee of the Maritime Administration maintains information on the

e 2
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ranarket vaiues of approximately 500 merchant ships. 1 In their assessment of
ship value, the Ship Valuation Commliitee considers the ship characteristics noted
above and the nature of the domestic open market for ships. Using this informa-
tion, the average value of 500 ships in the U.S. merchant fleet was found to be
$2.4 million, with values ranging from $100,200 for a Wor'd War II victory ship
tc $16 million for the 55 Manhattan (prior to the recent icebreaker conversion).
For the purpose of estimating the vaiue of a merchant ship lost due to heavy
weather, $2.4 million was used,

Therefore, the total recov:rable costs with respect to merchant vessels lost

in heavy weather is the multiplicative sum of the preceding estimates, as follows:

TML B (le)(wml * Sml)(NmI;
where

TML = total annual value of losses to the merchant fleet,

le = $2.4 million - average worth of a merchant ship,

Wm1 = 4 percent = estimated percentage of ship losses explicitly
due to heavy weather,

Sml = 22 percent = estimated percentage of stranding losses at-
tributed to adverse weather, and

le = 4.8 = average number of merchant ships lost annually due

to all causes.

Exercising the preceding equation yields a total recoverable value, TML' of
approximately $3.0 million per year.

The estimates of woather-related damages and/or losses to the U, 8, mcrchant
fleet total approximately $5.3 million per year. This estimate is believed rea-

sonable for present and future time frames for two reasons:

1. "Values for War Risk Insurance," Federal Register, General Order 82,
Title 46, Chapter II, Subchapter G, Part 309.
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¢ As the average age of the present U.S. merchant fleet continues to
increase (now 23 years), the fleet will become less tolerant of ad-
verse weather. 1

¢ The present Administration has proposed a plan to revitalize ihe
U.S. merchant fleet. Should this pias be raalized, the flect toler-
ance will increase. However, a loss involving a new ship will be
more noticeable from an economic point of view.

Althcugh the percentage of ships lost due to heavy weather (W_ ), the percentage

ml
of ship strandings attributed to adverse weati:er (Sml), and the number of mer. nt

ships lost annually (le) should decrease, the average worth of a merchant ship (le)

will increase. These factors will thus offset one another.

Government Fleets

: Assessment of recoverable costs applicable to the U. S, governuient fleet was

accomplished by analyzing the heavy weather dan.age and/or loss experienced by

the U.S. Navy/MSTS complex. This approach was taken since other government
fleeis are more or less special-duty-oriented and, in te.ms of fleet 8ize, repre-

1 sent a minority. For example:

o Much of the heavy weather damage experienced by U.S, Coast
Guard ships cannot be avoideddue to operational requirements
(i.e., search and rescue, icebreaking, salvage assistance, etc.).2

o The U.S. Coast and Geodetic Survey ships are primarilv desig-
nated for oceancgraphic/hydrographic research and/or recon-
naissance. The various phenomena to be studied are normally
well defined and, at times, dictated by the environmnent (e.g.,
the examination and recharting of Alaskan waterways after the
earthquake in 1964)3

1. Government Executive (August 1969).

2. Cdr David Kaetzel, Chief of Maintenance Branch, U.S. Coast Guard.
3. Assistance and Recovery in Alaska: 1964, published by the U.S. De-

partment of Commerce under the joint authorship of ESSA and USCGS (March
1965).
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The evaluation concenirated, therefore, on heavy weather damage and ship
losses that may be expected for U.S. Navy military manned ships and MSTS
vessels, The records of heavy weather dameage do not say whether it occurred
at sea or in port. Probably some did occur in port and, because of the missjon's
military urgency, could not have been avoided. To the degree that this may have
been so, the estiinate of potential recoverable losses i< inflated, but the amount
should be small. Most of the damage takes place in storms on the high seas;
with forewarning safer routes can be chosen so that losses will be reduced.

Data were gathered‘from Fleet Weatner Central Norfolk, MSTS Atlantic, and
the U.S8. Navy Salvage Office.

Fleet Weather Central, Norfclk, Virginia (FWCNORVA), and their Pacific
coast counterpart, Fleet Weather Central, Aiameda, California (FWCALA) pro-
vide optimum ship routing for all U, S. Navy and/or MSTS veesels making voyages
of 1,500 miles or more in unrestricted waters. From 1959 until 1967, these ship
routing facilities tabulated the annual number of routings provided io U, S. Navy
and/or MSTS ships, as presented in Table 16.

During FY 1968 and FY 1969, the total cost to repzair heavy weather camage
experienced by the MSTSLANT cargo ships averaged approxiraately 280.000. 1
Therefore, applying this cost to repair average to the svecage number of MSTE
cargo ship routings made annually by FWCNORVA resulted in a heavy weather
damage cost estimate of approximate!; $220 per routing per ship. The preceding
estimate was applied to all U.S. Navy MSTS routings under the foilowing
assumptions:

e the routing service provided by FWCALA was assrumed to be

identicsl to that of FWCNORVA; ard

e the routing service rerderad to MSTSLANT cargo ships was
assumed to be ropresentutive of that sorvice rendered to all
U.S. Navy MSTS ships.

1. LCdr M. E. Ruggziero, Aseistant to the Engineering Officer, Maintenance
and Repair, MSTSLANT.
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Therefore, the total <stimated heavy weather damage experienced annually by
the government fleets, TGD’ was estimated as follows:

TGD - (Cr)(Nmp ¥ ch ¥ Nmt * 3Nn)

where
Cr = $220 = average annual cost to repair heavy weather damage
per routing per ship,
Nmp = 335 = average number of MSTS passenger ships routed per

year,

ch = 518 = average number of MSTS cargo ships routed per year,

[

Nmt - 133 = average number of MSTS tankers routed per year, and
Nn 474 = average number of U. S, Navy routings provided per
year.

Exercising the preceding equation yielded an annual c¢coverable cost of approximately

$530,000. This relatively low figure again emphasizes the impact that optimum ship

routine has had since incepti~n.

The evaluation of uw el government fleet losses was accomp lished by analyzing

the records retained at the U.S. Navy Salvage Office under the following three
assumptions :1

¢ the incident wa3s correlated with adverse weather:

e the incident occurred after 1959 (1. e., after the inception of
OSR); and

o the incident occurred outside a combat zone.

Based on the preceding assumptions, only four U.S. Navy ships and no MSTS ships
suffered total losses, none of which resulted from an OSR misjudgment. These

losse= are presented in Table 17,

1. The terms governing this study did .0t include environmental effects on
combat-type vessels. :...wver, available data inciuded combat vessels, thus
providing another check on the magnitide of potertial benefits.




Table 17

GOVERNMENT SHIP LOSSES DUE TO ADVERSE WEATHERa

[Year

Ship Lost

Loss Location

Cause

]

1961

1963

1866

1968

USS Balwin (EX DD-624)

USS Grouse (EX MSCO-15)

USS Johnson (EX DE-583)

{JSS Bache (EX DD-470)

New York

Cape Ann,

While under t~w, a storm
' caused th~ tow ship to drift
‘and the Balwin grounded.

' The Grouse grounded and

|
Massachusetts ' inclement weather pre-

San I‘rancisco

| Rhodes,
. Greocce

. vented successful salvage

~operations.

' The Johncon was drh en

-aground after tow line

‘parted during 2 storm.

50 knot winds and attending
“seas caused anchor to

-drag. The Bache was

idriven aground, breaking
on rocks.

a. Source: U.3. Navy Salvage Office.
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In view of the casualty frequency, the average annual loss due to adverse
weather was assumed to remain constant through 1985. T: quantify uus loss
average, the value of the ships loct was estimated to be $23.2 millio:. for de-
stroyers and $1.2 million for mine - _ft. 1 Therefore, the total annual loss

experienced by the government ficet, T was estimated as follows:

GL'
i
1 ( )
T == N C
GL Y I\, (gli)
wuere
N L number of type i government ships logt due tc adverse
Bl weather (for this particular study. [ =1 =¢ stroyers
and i = 2 = mine craft);
Cgl = cost te the government to lose a ship of tvpe i; aund
i

Y = 10 = number of years from which datx were analvzed

Exercising the preceding equation yielced a poteutial loss of approximately
$7.1 million per vear.

Consequently, the otal economic loss applicable to the government fleet,
T, is the sum of heavy weather damage, T

G GD’

T(‘L‘ This sumr is estimated fo be approximately 5 ".6 million per vesr.
Y

and heavy weather losses,

1. Rescurce Management Corporation, Cosat-Benefit Analysis of U, S. Navy

Saivage vperations, RMC Report UR-076 (19681, estimates that the average cost

to replace lost destrovers or mine craft is $46 .4 million and $2.1 milion, re-
spectivelv. However, the salvage value of a military =ship is approximately
50 percent. Correspondingly, the loss value to the covernment was assumed
to he 50 percent of the replacement cost.
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Small Boats

The estimation of total recoveratie losses applicable to small boais was per-
formned in two parts-- sleasuve craft and commercial craft under 500 gt (i. e., tugs,

pagsenger ferries, fishing boats, and harbor service craft).

Pleagure Craft

Pieasure crafi losses were estimated by analyzing accident data compileu by
the U.8. Coast Gue=d and qualitative assessments provided by small craft under-
writers. The U.S. Cecast Guard publication, Boating Statistics (Report CG-357),
summarizes annually the number, causes, and value of pleasure craft accidents
thai resulted in loss of life, personal injury incapacitating any person for more
than 72 hours, and propert- mage in excess of $100. In this section only the
damage criterion wiil be anaiyzed. The total recoverable losses applicable to
pleasure craft were estimated using the property damage values presented in the

1967 and 1968 editions of Boating Statistics and the following ussumptions:

@& the average dollar cost of tr.ial boating accidents during 13867 and
1968 was assumed to be representative--approximately $6.18 million;

e the total cost of future boating accidents will increase in direct pro-
portion to the historic growth rste of registered boats--approximately
4.5 poocent per year from 1963 to 1968; and

e the percentage of future hoating accidents attributed to adverse wea-
ther conditions will remain the same as the 1967 to 1068 average:
approximately €.2 percent.

® Boating Statistics accounts for 80 percent of all pleasure craft acci-
dents. (LCDR Harold B. Summey, Chief of the Accident Review and
Statistics Branch, USCG, attributes this high percentage to a national
newsgpaper clipping service thai forwards boating accident articles to
the U.S. Coast Guard Headgqnarters, If an investigation of the accideni
has not been recorded, the Coast Guard district is notified, an accident
investigation is made, and a report filed.)
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Based on the preceding assumptions, the total recoverable pleasure craft logs was

formulated as fcliows:

TPC = x _1 + (G} |
where
TP c - total recoverahle losses among pieasure craft in year n,
Dpc = $6.16 million = present value of total damage to pleasurs craft,
Aty = 6.2 percent = percent of damage attributed to adverse weather
conditions,
R = 80 percent = percent of pleasure craft acciients accounted for,
G = 4.5 percent = aunnual growth rate of registerad beats, and
v = number of years bhetween 1968 and year n .

I
Thus, in 1285 the (otal recoverable losges applicable io pleasure craft is
estimated at approximately $1.0 million, This relatively small sum is substantiated
by small boat underwriters whe regard the insuring of pleasure craft a8 a "necessary
evi}”l and feel that damage could be greatly reduced if the general public would heed

. &
present wenther warnings.

1. Fireman's Fund American Insurance Company staies that oniy one half of
one peraent of their total business contends with pleasure craft underwriting and
they pay out less thar $25 thougand in claims each year (due to all cuuses),

2. Exempiiflying this point I8 a report prepared by the 1.8, Coag!t Guard Marino
Board cf Investigation following the Lake Michigan squalls of September 23, 1967,
On the morning of September 23, 1967, small craft warnings were posted and an
advisory bulletin stated that fishing boata under 18 feet in length were not considered
gafe on the exposed waters of Lakes Michigan and Superior. Of the 1€ boats reported
with substantial damage or loss, 15 were less than 18 feet in length,
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Commercial Craft

The U.S. Coast Guard (Office of Merchant Marine Safety) publishes the Pro-

ceedings of the Merchant Marine Council (Report CG-129), which summarizes the

anmal casualties to U.S. merchant vesgsels according to the nature of the casualty

(i.e., collisicen, explosion, grounding, etc.) under three different classificr~tions:

e primary cause (storm, personne! error, equiprent failure, eie.),

# number of damaged vessels classified by gross tonnage, and

e rnumber of vessels toi2lly lost.

To isolate the amount of damage and the logzes applicable to commercial

vessels under 500 gt required integrating the three matrices, under the following

<]

assumptions:

#  Envirovmental condilions were assumed to encompazs the "stormsg--
adverse weather” apd "unusugl curvents' categories listed under
primary cause,

&  For the purpose of quantifying the annual damage inflicted on small
comnmeraial craft by adverse weather--the percentage of 500 gt
: «or jessr vessels in the "gross tonnage-versus-nature of casusity”
matrix was assumed to be divectly proportional to the number of
woathey damage inoidents in the "primary cause-versus-nature of
casualiy® matrix. i

e jor the purpose of egtimatine the annual losses of small nommercial
craft due to adverse weather--{a) the percentage of vessels under
500 gt totally lost in the 'vessels totally lost-versus-nature of
vasualty" matrix was agsumed to be in direct proportion to the nuni-
g bes of vessals under 500 gt damaged in the “'gross tonnage-versus-
X nature of casualty" matrix; (b) t'.> percentage of casualties resulting

1. Yor example, in 1967, 336 vessels of various gross tonnages grounded
with damage. Of the 336, 189--or approximately 56 percent--were vessels of
500 gt vr under. This percentage was then applied to the 41 incidents caused by
storms or unusual currents that resulted in grounding with damage, thus yielding
23 vessels under 500 gt grounded with damage. This methodology was similarly
applied to each of the 17 "nature of casualty categories’' involving damuge inflicted
by storms or unusual currents.

110

HMIIRLATER, Bk 575

G Ly VR L SRR A0 st T




from storms and unusual currents was derived by using the "primeary
cause-~versus-nature of casualty' matrix; (¢) the number of vessels
under &S00 gt lost by all causes (a) was then muitipiied Ly the per-

: centage of casualties involving adverse weather (b). 1

The results were averaged to estimate the total number of small commercial craft

2 ,
anticipated to be damaged and lost in future years.  This exercise vielded an average
annual casualty rate of 175 small craft damaged and 25 small craft lost due to adverse

weather. 7To evaluate these casualties, the following estimates were made:

¢+  Damage: no specific data source was located to asgess the average
cost to repair small commercial craft damaged by heavy weather.
Therefore, the average repair cost was estimated {o be the same as
that to repair a large merchant ship--$6,0G0. 3 This assumption was
based on a smaller vessel, although not normally subject to mid-ccean
environment, being vuinerable to a lower level of unfavorable environ-
mental conditions than a large merchant ship.

@  Less: the Ship Valuation Commitiee of the Maritime Administration
evaluates the market vaiue of small craft as well as that of large
mercnant ships. The average value of the small vessels contained
in this source is $117,000.

1. As an example, in 1967, 225 vessels of various gross tonnages foundered,
capsized, or flooded. Of the 255, 207~-or appre “vately 81 percent-~-were vessels
of 500 gt or under. This percentage was then applied to the 94 vessels totally iost
by foundering, capsizing, or flooding, thus yielding 76 small vessels lost by the
referenced natures. Of the total number of foundering, capsizing, or flooding
incidents (255), 26--or 10.4 percent--were due to storms or unusuxl currents.
Thus, 10.4 percent of 76 small vessel losses (approximately 7.9 vessels) were
attributed to adverse weather. This prccedure was applied to each of the 17
"rature of casualty categories' to quantify the small craft "weather losses, "

2. The 1967 and 1368 casualty data were averaged to depict an intermediate
level of environmental magnitude. 1967, largely due to the extensive damage in-
flicted by Hurricane Betsy onthe Gulf Coasi, was a severe year with respect tc
weather related damage. 1968, in comparison, was mild. For example, storms
or unusual cui.ents accounted for 36 small craft losses in 1967, compared with
14 similar losses in 1968,

3. The American Hull Insurance Syndicate. For the develupment of this value,
refer to the Merchant Fleet section of this report.

111

0N N B L W 1 e b A B, e ¥ ey e




Therefore, as a result of the preceding analysis, the total economic loss

applicable to small commercial craff, T . ., was formulated as fcllows:

CC

Toe = W MO )+ (R C )

CC cr cl’' el
where
N , = 175 = number of small commercial craft estimated to be damaged
cd .-
per year due to adverse weather conditions,
Cc: a- $8,000 = cost to repair heavy weather damage to small crait,
ol T 25 = number of amail commercial craft estimated to be lost
annuall due te adverse envirenmenta. conditions, and
Ccl = $117,000 = average value oi gmall craft.

The preceding equation yielded a total recoverable cost applicable to small
commerecial craft of approximately $3.9 million.

Therefore, by summarizing the pleasure crait ond commercial craft results,
a total recoveratle cost of approximately $4.9 million per year ic estimated for
small boats.

Although environmental forecasting will undoubtedly become more accurate
hetween now and 1885, the estimate of $4.9 million is assumed to be relevant to
the 1985 timeframe. This assumption considers the present state of the forecasting
art and the recent havoce left by {urricane Camille in September (of which no data
were available for this study). The damages and losses due to Camiile itself will

more than likely exceed the small boat estimate presented here.

Barge and Towing

The total losses pertinent to the barge and towing aspects of marine trans-

portation were estimated in two parts-- inland oriented and ocean oriented. 1

1. This section considers only the towed portion of barge and towing. Weather
damage to tugs and towboats was esiimatied in the Small Boat section of this study.
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1
Inland

In general, the contacted companies state that present weather prediction is

2
more than adequate for inland waterways. They also stated that although adverse

weather conditions cause underway delays, these conditions have rarely, if ever,

caused severe damage or loss to tugs or tows. With respect to river traffic
(versus intercoastal waterways), weather forecasts and river stage forec&sts3
are used to estimate arrivals; departures, however, are never rescheduled on
the basis of either forecast. The reasoning behind this never-stop philosophy is

that a tug windbound in port is not making money while an underwzy barge-train,

although temporarily weather-bouad, is.4

Adverse weather —countered on the relatively narrow intercoastal waterways
(124 feet wide) is circumvented by towing empty barges along the leeward side of
the waterway and the loaded barges along the windward side. In the presence of
a storm the loaded barges are virtually unaffected, due to the stability induced by
the cargo, and the empty barges, if affected, are bouwiced against the shore and
not blown inio oncoming traffic. Thus, as was the case with river towing, nonc
of the companies contacted conld recall losing or seversly damaging a towboat
or barge.

Based on our replies from the barge and towing companies, the economic
losses were considered negligible and ro further attempt was made v quantify

this particular sector of marine transportation.

1. Iniand was defined as including tows on the major tributaries and intand
waterways,

r,r“;i’ ' 2. Ingram Barge Company and Chotin Company (New Orleans); Crowly Launch
and Tugboat Company (San Francigsco); and Pudget Sound Tug and B rge Company
(Seattle).

3. A river stage “recast predicts the risc or fall along a rviver for a five-day
period. This forecast is used to determine the optimum barge load (i.e., maximum
f draft allowable) as well as estimating transit time.

4. In the cpinion uvx Mr. Veraer {Ingram Barge Company) and Mr. Leche
(Chotin Company), only under dire circurastances will a towboat tie-up along a
river to ride out a storm. This 18 beczuse river fog-rain-or-snow storms are
usually of short duration. However, maintenance cosis would robably be reduced
by rescieduling towing operations in the face of an adverse en. .ronment, although
corresponding reductions in reverue would rapidly pass a point ... .mbalance.
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Ocean]‘

Total recoverable losses applicable to ocean-oriented barging or towing were

: I e 2
assessed as the sum of three components: ocean barging, oil rigs, and dredging.

Ocean Barging, The quantitative evaluation of adverse weather effects on ocean
varging operations was made by averaging detrimental weather factors provided by
three large ocean towing companies representative of the industry: foss Launch and
Tug Compauny (Seattle); Gulf Mississippi Marine Corporation (New Orleans); and
Moran Towing and Transport Company (New York),

These companies indicated that littl 2 attentic is ziven ) the quality of environ-
mentai predictions now received (or to the pussitility of realizing benefits from
improved prediction), since ocean tows rarely coniront heavy weather without
forewarning. In essence, the companies were satisfied with the lead time and
reliability of present forecasting. 3 An excepiion to this generai observ.tion is
in the Arctic regions, where predictions are notcriously unre’iable: predictions

of ire movements and ice cover are poor and barges are often trapped and dam ged
without warning.
Quantitative estimates of heavy weather damage ~r loss to oceanic barges w-re

not made by the representative companies since these casualities have not occurred

often enough to justify detailed statistics. However, as :.:.0st ocean tows are per-

formed on a per diem basis, estimates oy incremental costs due to environinental

1. Research for this portion of the study was performed by Ocean Science

and Engineering, Inc., under subcontract to RMC; ocean was defined as including
coastal and transoceanic towing operations,

2. Only the trarsportation aspect of these operations was considered (i.e.,
while an oil rig or dredge is under tow to an offshore site).

3. For short-term cuaustal barging {(two to three days) present prediction is
satigfactory. However, for long-term transoceanic barging (average 25 days)

present prediction of storms and storm movements is not sufficient to effectively
plan tc¢ -z prior to departure.
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delays were available. 1 These delays were estimated t be approximately 3 percent

and encompassed time lost putting to sea and time lost during transit.

The number of trips by ocean-going varges was estimated to be about 1,000 per
year ¢ d th. average duration of an ocean barge trip is 25 days at a cost of $1,000
per day. The irip duration e: imate of 25 days (based vn 2n average underway
speed of 8 ktsj could be reduced to about 10 days should the now proposed sea-
going barge-train beconie a reaiity (speed estimated to be 22 kts). 2 Should this
aprroach preve feasible, the effects of adverse weather on ocean barging would
b reduced, Assuraing that future ocean barging will be influsnced by the barge-
train concent, the followiiz adjustmerts were made:

e Pr.sent operational delays will be reduced from 3 percent to an

estimated 1 percent.

e The m.nber of barge trips will initially decline Jue to the 10 barge
capacity of the proposed barge-train. However, after the initial
decline the 1,000 irips per year wilil be re-established by 1985 due
to mounting requirements.

¢ The avcerage barge trip duration, as previously stated, will ve
approviimately 10 days.

e The tverage per diem cost will increase (roin ihe present level
f $.,000 to an esti-nated $3,000. This estimate considers the
present barge per diem (i.e., $1,000) and present merchant
ship operating costs (approximately $4,500 per day). 3

For.aulating the preceding estimates, the potenti.. average annual cost in 1985 for

perational delays ns a result of adverse weatkor, T, was estimated as follows:

oD

Top = (NINY(C (P

}
OD od’

1. The threshhold of operational delay is a wind ex -eeding; a Beaufort force 6
nr 7 (2 to 23 kts) or prediction of a storm within _4 h~urs of scheduleu Jeparture.

2. As reporied in "Oceangoing Barges Set for Tryoul, "' The Washington Pnst
(Augusi 25, 1969), the Straddler Ship Company expects to comm2nce prototype
construction of a 128,000 ton catamaran capable of straddling 1. 12,000-ton barges
for transcceanic use. The Straddler will be capable of transyorting any kind of
crrgo--wet bulk, dry bulk, general, or containerized.

3. See the Reducing Transit Time section of this chapter.
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where

N+ = 1,000 = number u: ocean-going bargs trips per year,
N g4 10 = average m:mber of days per ocean barge trip,
C pd = $3,000 = aver:age per diem cost per barge trip, and

]
I

od 1 percent = amount of trip tir= spent in delays.
»

Exercising the preceding equation yields : iotal recoverable cost of $0.3 1 iluicn
per year.

Oil Rigs. Here, only the tcw a2 ig to an offshore site was ~onsidered. Oil

rig losses due to adverse weather 7 cperating on station or upon cons*ruc: n

or implantation of the oil rig on station v :re not considered,

Offshore rigs are particularly susceptible to environmental conditions due to
their inherent instability while under tow. Also, oil rigs can only be towed at
speeds up to 4 kts, thus subjecting the rig to any environmental changcs fc ¢ some
timfs.1 Therefore, as oil production proceeds farther offshore and iric different
environments, long-range forecasts will become increasingly importar  The

following assessments exemplify this point:

e  The Gulf of Mexico currently offers the most accurate euviror nentui
forecasts of the several areas in which extensive oil drilling overa-
tions take place. © However, even in the Gulf, these forec:sts
becoming marginal for predicting optimum towi g times e to
operations farther out on *he Continental Shelf. 3

‘re

1. Mr. W, A. Boudreaux, Transportation Section, Oft:hore Division, Shelt
Oil Company.

2. Mr. Carl LeBoeuf, Marine Superintendent of the Gulf Missigsippi Marine
Corporation, estimates the accuracy of forecasting storms in the Guif to be about
$J percent for a 24-hour period. Mr. LeBoeuf attributes this level of accuracy to
"the ring of land encompassing the Guif and to in-situ reports from each ofishore
rig, constructian site, tug, etc., operating in the Gulf."

3. Mr. D.G. Russell, Production Manager, thell Oi' Company, estimated :hat

""substantial drilling will be conducted to the 1,000 it water depth and some beyond
prior to 1885, "
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e 0il and hydrocarbon discoveries made recently by the Juin! Ocean-
ographic Institution Deep Earth Sampling (JOIDES) expendition by
the Glomar Challenger in tie cepths of the Gulf, Atiantic, and o ‘
Pacific! indicate that by the 1,80's oil rigs mayv be operating up ’
to 1,000 miles offshore. Rigs for use in deep ocean, however,
will require specia! design to withstand the oceanic environment.

e The continuing oil expioration of Alaska has already presented an ]
environmental prediction problem. Lead time predictions in the

. Pacific Northwest zre very poor and even a 12-hour prediction is ]

o marginal. 3 . B
- |
.- Although much of the present and past damages and/or losses experienced by {

oil rigs has been attributable to adverse weather, the majority of these casualities
while under tow are due to factors other than weatther.4
The evaluation of recoverable costs applicable to oil rig towing was expressed

as the sum of the following two estimates:

e damage and/or loss of oil rigs while under tow due to adverse *veather,

e delays in oil rig transport due to adverse conditions or false predictions.

To estimate the damages, founderings, and losses of rigs under tow due to

heavy weather, a listing of all rig casualties valued at $1 million or greater was

obtained from the Insurance Company of North America for 1955 to 1962. Eval-

uation of casualties valued under $1 million were not obtainable as rig operators

N

1.  {"¢ Deep Sea--A Habitat for Petroleum ?' Undersea Technology -
¥ . {October 1369). ‘
P~ 2. Deep Ocean Technology, Inc., for example, has designed sn offshore

rig for deep sea oberations down to 2,500 ft.

3. Mr. S. Pederson, Marine Superintendent, Foss Launch and Tv.g Company, ‘
states that "weather prediction is generally quite poor in the Pacific No~thwest. B
A For example, it s difficult to get a 12-hour prediction in Seattle for the mouth of
. the Straits of Juan de Fuca. Tugs leaving Seattle with a tow generally proceed to
) the north of the Straits (about an 18-%our run) and then intuitively decide whether
i or not to continue based on observ . conditions. "

; - 4. Mr. J.A, Armstrong, Sruretary-Underwriting, Insurance Company of
"i i North America, estimates that about 25 percent of major oil rig casualties are
© Y a cirect result of adverse weather during tow. The remaining 75 perccnt 18

- ) attributed to human misjudgments such as underestimating towing stresses.
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and owners are reluctant to acknowiedge any casuaities. However, losses over
$1 million generally become public knowledge in a rather short time. Therefore,
only casualties of over $1 million could be considered in this analys’

INA listed 25 rigs damaged or lost from 1955 to 1969. Of the 29, 17 were
listed as damaged or lost due to adverse weather and eight were listed as occurring
during transport.

The average annual damage/loss for the 1955 1o 1969 time period is approxi-
mately 1.3 million. However, six of the eight towing casualties occurred from
1965 to 1969. This would seem to be indicative of tows proceeuing farther out
to sea, subjecting an unstable rig to a greater chance of encountering unfore-
seen environmentai charges, Therefore, the 1965 to 1969 average of about
$2.9 million per year is used to typify the magnitude of recoverable costs in 1985.
This estimate considers the fact that the new generation oil rigs are being built
to better contend with adverse weather, which would tend to lower the loss rate
However, these new rig. are ~lso more costly, and any heavy weather damages
(because of this high cost) would tend to offset the gain in losses.

To evaluate the economic effect of environmental delays and false environ-

menia!l predictions, four major drilling companies were contacted:

¢  Aquatic Contlractors and Engineers (New Orleans),
3  Ocean Drilling and Explor-tion Company {ODECO) {New Urleans),
¢ Sante Fe Drilling Company (Los Angeles), and

e  Western Offshove Drilling and Exploration Company (Los Angeles:

The following estimates of delays and false alarms represent the collective opinion

of these four companies,

1. Mr. W.A. Boudreaux, Shell 0il Company, indicated thai oil rig insurance
premiums can be as high as 10 percent of the total rig value. Operating companies
sometimes self-insure their own rigs--particularly if their historic loss rate is
below the industry average.
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At present, the cost per day to tow an oil rig is approximately $7,000. This
cost is derived from ti:e number of tugs normally required to tow a bulky and un-

stable rig and the tug per diem costs. Present tug requirements vary from three

4 N Y
to four, depending on rig size and type; the per diem rate for each tug is approxi-

mately $2,000 These towing costs are paid by a drilling company on a per diem

i N

at tow commencement are costly.

The average percentage of underway tirne spent in unforeseen environmental
delays was estimated to be approximately 3 percent. Since oil rigs have 2 relatively
low environmental acceptsnce level, forecasts orf limiting conditions that subsequentiy

[N

fail to ruaterialize {i.e., '"faise alarms’™ are not uncommon. The referenced drilling
companies :ndicated that false alarms cost as much annually as do underway delays.
The per.entage of tows now subject to environmental delays or false alarms was
estimated to be 6 nercent.

To determine the total number of tows performed per vear, the ratio of the
number of rigs owned by the contacted drilling companies 47} to the annual number
of tows {73) was assumed to be representative of the driliing industry, By eguating
the sample ratic to the total number of American-owned rigs (approximatelv 3303,
the present number of oil rig tows per year was estimated .o be approximateiv 540,

The average tow duration reported by the four drilling companies was 17 davs.
This duration was 2lso assumed to typify the drilling industry as long tows itrans-
oceanic) and short tows (several hundred miles on the Continental ShelD were
included in the sampie average.

The preceding estimates depict present operations onl,. To eatimate the total
costs applicable te oil rig towing in the 1985 timeframe, tre foliowing assumptions

were made:

1. As listed in the 1969 edition ~f tue Uffshore Drilling and Consti...ion
Contractors Directory.
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and false alarm rates willi remain al che preseat feval.

s  The number of rigs will increase from the present 35¢ to an esti-
matert 450 hy 1285 du

s Ad

& to Alagkan regmircinents and deep sc2
driliing. The ratio of rigs to anmual tows will remain the same,
vielding approximately 710 tows per year

-

&  The Alaskan and deep ocean developments will result in a tow
durstion inerease of about 25 percent, 1hevefore, the average

tfow will require about 21 days to complete,

Based on the preceding assumptions, the tetal anmuial ¢ost applicable to delays and

false alarms, T was formulated as follows:

DFA’
Tora = CaFag) B Ty -
where
i’fh‘: = §$7,000 = cost per day te tow an oil rig,
P.. = tpercent = amcunt of time spent in environimental delays
S8 and cortending with falge aiarfns,
Nt = V10 = number of cil rig tows anticipated in 1985, and
Lt = 21 days = duration of the average tow in 1985,

Thus, the preceding equation yields a recoverabhie cost of approximately $8.3 million
for the 1985 timeframe. Summing the estimates for oil rig damage/loss and oil rig
delay/false alarm a total recoverahle cost apniicable to towing oil r»  is approxi-

mately $11.2 million.

Dredging. The foilowing evaluation of anvironmental prediction applicable to

offrhore dredging operations was obtained through the following dredging firms:

e  Ocean Science and Engineering, iuc. (Bethesda, Maryland),

«  Potomac fand and Gravel Company (Washiigton, D. C.),
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At the present time little dredging work is done oiffghore in unprotected walcrs.
¥or this reason, dredge operators ¢ ider present weather condif! s adeguatle as
coastal dredge movements extend only a few hwadred ~iiles at the most. Also,
dredges are stationed at a number of locations along all coasts, thns mainimizing
tows of any iength.

Future sea pottom mining, however, may require dredgec *o move farther
ofichore and to work a greater percentagre of the time in -~ tively unprotected
waters. The most likely product te be mined in the near future is sand and gravel
for constiruciion purposes and for use in replenishing ervded benches. As cifshore
dredges begin to be operated {artler offshore, damage and/or los~es Juring tow
due to adverse woather will becomz more prominent. However, futnrs mining
dredges are b~ing specially designed for offshore work, These designs include
completely submersible dredges that would be essentially immune to the
environment. Until these new generation dredges become available, however, the
more conventional dredgas will be used in offshore mining and construction projects.
A need for improved weather prediction will exist althiough ictal economic savings
will be small and are not estimated.

Summarizing the three preceding components of ocean-oriented barge and

towirg, ihe total recoverable costs are estimated to be $11.5 million.

PREVENTING CARGO DAMAGE AND LOSS

There are three types of damages ur losses that can be attributed to weather:
cargo lost overboard, cargo shifting, and water damage. If heavv veathey could be
accurately forecast before a ship departs, avoidance tactics could be employed or
the departure could be rescheduled, thus minimizing the chance of cargo damage

or loss.
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ecrides 0 esursnee Company of Norin A

et

nevrica, governmen cflicite, and the
Liverpool Dndervrilurs Association.

he Bwsurance Company of Morth America, largest domestic underwriters of
American vargo, classifies ¢r.rgo claims into two major categories--proventabie
and unpreventable, . Heavy weather cicims are inzluded in the unpreventai-ie cate-
gory and, expressed as a perceniage, amount to appr~ imately 3 percern. of the total
elaims paid. Table 18 quautifies the heavy weather claims processed by INA from

1842 through 1968,

Tabie 18

HEAVY WEATHER CLAIMS PROCESSED BY INA

r Ysar Value of Claims,
- theusands of dollars
1862 312
1963 4R/7
10A/4 341
1v6h 581
1366 465
1567 651
1968 987
Total 3,004

Since INA mderwrites about 15 percent of U. S, cargo insurance wrinen in

this country, this volume was asaumed to be sufficiently large io represent a
typical spread of claims. Heuavy weuather cargo losses, projected to encompass

the heavy weather claims paid by the entire American marine insurance market,

piiavhantiuinjsismiiiition

1. Preventable claims amonnt to appraximately 55 nercent of the total claims
and includes those claims regarding contaminatio:, leakage, pilferage, etc. The
remaining 3 percent are unpreventable claims., These claims result from cargo
damage and/or loss involving rrranding, cellision, fire, and heavy weather.
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firther projeation evelved {rom lne reatization that only shout 40 vercent of U.1

carge 15 insuced ty American nderwriters. On this “sremise the se  en-year ¢osi
of U.8. heavy weather cargo lose~s was extrapolated to 3 sum approximating
$65 miilion.

Referring again to Table 18, heavy weather cargoe damage is chserved to be
increasing with time. This trend appzared to be out of cuutest in view of the deciining
heavy weather damage and lows to the U. 8. merchant fleet. The probable answer as
to why heavy weather cargo losses portray this increasing trend was provided by
Mx. A E. Gibsen, U.8., Maritime Administrator. In a recent interview, Mr. Sibson
state & "The U, S, today is carrying only about 5 percent of its foreign commerce on
American flag bottoms. This percentage has been dropping sharply every ycar from
a high of 57.5 percent in 1960. . . . The presont U.S. fleet is simply not coafigured
to compete in today's trading environment, nd

In an atiempt to assess the possibie detrimental effect of transporting American
cargo by foreign ships, higtorical world-wide ship casualty data compiled by the
Liverpool Underwriters Association was analyzed for the 1962 to 1968 timefrane
{i.e., the same seven-year period represented by the INA claims data). This
analysis was performed under the hypott is that ship damage and loss due to ad-
verse weather are correlated with heavy weather cargo damage or loss. Analysis
of the Liverpool Undarwriters Asrociation data revealed that approximately 1,000
ships per year experienced substantial heavy weather damage (i.e., partial or
total loss). To estimate the numboer of U.S. merchant ships included in this annpual g
siatistic, the percentage of total U.S. merchant fleet losses was assumed to he
representative. From 1962 through 1968, this was ounly about 4 percent. Therefor-,

a very high ne.centage of hea weather damage to U.S. cargo can be equated with

foreign shipping.

1. "The Americin Merchant Marine: There are Ceausges for Decp Concern
Militarily, Industrially, Politically,' Government Executive (August 1969).
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{ongldering the preceding assessmaent; the yeferenced 'rend of Pwereesing eovgo

daisage due (o arverse weather coudd L retarded (or voversed) should the preont

revitaiization pian cails for consiruction « 30 merchant zhins annually for the next
ten yearsg, Presumably, these new merchant ships will be capable of transporiing

a more substantial chare of U.S. and foreign commerce, ihus decreasing U, 8,

dependence on forei n shioping that has hictecically een more susceptible to heavy
weatk: . ’awrage. Based on the assumptior “Lac the total heavy weather damage

10 cargo in i385 will approximate i 1962 0 1968 average, a total amuszi cost

of approximately $9.3 million was estimated. This considers that the amount of
commerce transporind by U. 3. merchani ships will increase with time. subiccting

a larger volume to the environment.

‘hnl AT
ICE OPERATICNS

The importance of environmental prediction of ice are discussed in two pacts--
government and commercial. The government aspect, for the purpose of this study,

wag limited to the resupply of U. S, polar outposts (military and scientific) and the

¢ My ey PR s e S e e

reliance on U. 8. Coast Guard icebreaking operations to optimize seasonal access
1 . . c .

to these outposts. ~ The comme. ~ial aspect presents a speculative estimaie of the

dependence that the commercial sectors of wrarine transportation will place on

environmental prediction in the future.

Governmernt

Initially, improved prediction of ice freeze and ice thaw in the polar regions

wer e thought to be potentially beneficial [ . the purpose of correlating icebreaking

wih resupply schedules on an optimum-environment basis. Nuw, however, these

Arctic 2nd Antarctic operations are not heavily dependent on freeze/thaw prediction.

1. Polar resupply is performed by MSTS ships--primarily tankers providing
fuel oil.
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Arctic

While the eariy warning sites we: - under conztruction in the Arctic, ibe
uzccurate prediction of freeze/iaw was extremely critical to optimize the move-
ments of crews, materiels, and supplies. However, since compietion of thes< early
warning sites, these predictions are not as critical because reeupply of the existing
military and scientific outposts (primarily oil) can now be accomplished du. "™ .o
summeyr, when environmental conditions are historicaliy favorable (normally
August 7 te September 7). Also, polar bases (Arctic and Antarctic) retain an
18-month supply of vital resources, wuriher indicating the lack of dependence on
optimum forecasting. 1 Therefore, knowing the environmentai conditions prior to
a resupply operation does not eignificantly aid in glanning Icebreaking operaiions. 2

Ice operations performed during the Arctic winter are of scientific nature ‘or
the purpose of determining environmental parameters and were considered immune

to any poteniial benefiis of imoroved environmer | nrediction
Antarctic

According to MSTS personnei, there is only one resupply mission that presents
any problem to scheduling--the resupply of the McMurdo Sound outpost, which now
reqrires four POL trips annually. This past year, while making the fourth POL to
McMurdo Sound, the tanker was delayed in New Zealand for a week more than
scheduled. This delay resulicd in consivecable ce damage 1o tue tanker (vver $10U
thousand to repair). Next year, however, MSTS will assign a larger tar’.er to the
McMurdo Sound resupply route. Thereafter, the neces. 'ty for accurate frecze/thaw
prediction will be ce-emvhasiz/..d as the larger ranker wil! be of sufficient capacity

to remmive paly ~ne f s ner vear into MceMurdo Scund.

i. Mr. Donald Dahl, Tanker Division, MSTS Headquarters.

2. LCdr D. Super, Polar Operations Branch, U.S. Coast Guard.
3. Dahl,

P




To exemplify the minimal recoverable cosia that wouid result from & wroved
ervir.. mertal prediction, the Maintenanc. and Repoly Section of the M8TS Tarker
Divisior provided the annuai costs to repair MSTS tankers exporiencing ice damage

in the polar regions from 1963 through 1959, ‘™iese data are presented in Table 19,

Table 19
Ik DALAGE TO MSTS TANKERS
mbo T — - ]

Year ;‘}stal ;‘::S L‘I;] (.)f Total Number of | Total Number of | Total Repuir Costs,

Polir';i' Opéraiioxl]rls Port Calls ice Casualties | thousands of dollars
1963 9 25 0 &
1964 8 18 8 10
1965 10 15 0 0
1886 £ 19 1 16
1967 8 18 1 39
1068 i1 24 0 0
1909 10 10 2 130
Commercial

Before the oil discovery on the North Slope of Arctic Alaska, there was little
commercial interest in the polar regions. However, the magnitude of this dis-
covery will increase the imnartance of Arctic environmental prediction in ihe
future. The following cavspn 18 wwcative of the impertance of fully viilizing

environmental prediction to optimize Arctlic Alaska operations:

With 10 wells now completed and twice that many now being drilled
dainands for suppiles have caused » race against time for oil com-
panies trying to get supplies te the north slope before winter. Re-
cently a fleet of 31 seagoing barges was towed to the north slope

from Seattle. Now 130 longshoremen are workiag against the ciock

to get the barges unloaded and b~k to Sexttle before the winter
sets in. 1

1. "Rush on to Tap New Alaskan Oil Fields, '~ The Washington Post,
September 1969.
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the lceb waner, Twker, 808, Manha oo, in traversine the jeebouna N
Althovrh this historie veyage wus of an experimers i atare, 1 precedent hus boen s
an . n environmentally dependent trade route hag been creal~d. Already several

rojor oil comipanic s are making plans fo procure $50 miilion (250,000 dwt) ice

1 [pf

H .

tunkers to treasport Alaskan oil te the East Joast, “ Thus with volume shipping
retic environment, a sophisticitzd environmental routing servicc
(ice routing) will undoubtedly be required,

The present state of the ice routing art is represented by that service provided
by Fleet Wrather Central Norfolk to the MSTS ships on polav r. supply missions. :
Eveon this service, however, does not wholly contend with wie problems that will

confrent a 250,000 dwt tanker in the icebound straiis of the Northwest Fassage.

i
For example, the 10 percent ice-coverage limitation placed on MSTS ships
presents a lesser prediction problem to ice~-routers than did the nonnrediction
¢ the giant ice loes pushed by 40 mph winds that temporarily trapped the

Manhattan and the Canadian icebreaker, Sir John MacDonald. o

1. Huuible Oil and Refining Company anticipates that the ice tanker fleet
buil! to trangport the Alasran crude could number 25 to 33 by 1980 ("'Northwest
Passage . . . What It Could Mean, ' Ocean Indusiry [Juzy 1969]’),

2. Oi! eccnomists mnae the coat of shipping oil to the East Coast vie
tho Nopthe ¢ Pajicige e apu..amatelv nalf of the $1.66 per barrel required

to transport the il viu pipeline and shir .o the West Coast (U.8., Coast Guard,
Fuiar Transportation Fequirements [Novembes 1968)).

3. Mr. George Frances, Head of OTSR-FWCNORVA, states that the accuracy
of present ice routing in the Atlantic Arctic (Goose Bay, Sondrestron., Thule, eto.!
is directly related to the NWCED (Naval Weather Center--Environmenta! Detach-
ment--Argentina, Newfoundiand) budget. 2rior to providir~ an ice routing
r'WCNORVA requeats NWCED to perform ..n air reconnaissance from which the
routing is made. These ice~reconnaissance missions are performed upor . uest
until the budget is exhausted, Thereafter, FWCNORVA must rely on other sources--
local condition reports, satellites, etc,

4. Mr. Denald Dahl, Tanker Civision, MSTS Headquarters.
5. "Manhattan Reaches Prudhoe Bay,'' Ocean Industry (October 1569).
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REDUCING FATALITIES AND IMPROVING SEARCH AND RESCUE

During 1967 and 1963, Qoat{ng Statistics reported an average of 66 pleasure
oraft fatalities involving adverse weather conditions. 1 Future weather fatalities

were assumed to remain at a level anproxdmating 60 to 70 per year. This estimate
was assumed tec be valid for the following reasons:

e The number of registered pleasure craft has increased at a rate
of approximately 4.5 percent per year from 1963 through 1968.
Also increasing along with the quantity of pleasure crafi is the
number of naive owners who are likely to fall prey to adverse
conditions. 2

e Fatalities could be avoided now if the general public would heed
existing weather warnings.3

e Sudden storms will continue to catch pleasure craft unaware, 4

As was the case in pleasure craft fatalities, the analysis of 1967 and 1968 data
- formed the basis for estimating merchant marine fatalities. In the years cited,
the Procsedings of the Merchant Marine Council attribute only one death to adverse
weather conditions. Therefore, the future reduction in fatalities was assumed to

be zero.

1. LCdr Harold B. Summey, Chief of the Accident Review and Statistics
Branch, USCG, is confident that all pleasure craft fatalities are accounted for
in Boating Statistics. The U.S. Coast Guard subscribes to a national newspaper
clipping service that forwards boating accident articles to U.S. Coast Guard
Headquarters.

2. Capt Howard Saffer, small craft underwriter for Fireman's Fund American
Insurance Company.

3. Exemplifying this point is a report prepared by the U.S. Coast Guard Marine
Board of Investigation following the Lake Michigan squalls of September 23, 1967.
On the morning of September 23, 1967, small craft warnings were posted. The
subsequent storm claimed seven lives--all pleasure craft operators or passengers.

4, For example, the sudden and unforeseen storm on Lake Erie on July 4, 1969
caught hundreds of pleasure boats unaware in 100 mph winds. (The Washington Post,

July 5, 1969).
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Search and rescue missions rely on accurate local conditlon reports and near
term forecasts. Environmental data required to formulate search and rescue
missions includes wind force and direction, current speed and direction, and wave
heights. These environmental parameters used in conjunction with the stricken
vessels' destination and last point of contact serve to determine optimum search
i patterns. Thus, the more accurats these environmental parameters are, the greater
E the chance of rapidly finding a vessel in distress,

~' INCREASING PASSENGER COMFORT

Passenger comfort was analyzed from a qualitative viewpoint since this topic is
highly subjective and opinfonated. This study attempted to assess the degree of
improvement that could be expected. To accomplish the preceding, two general
sources were investigated:

e commercial steamship companies offering passenger liner service, and

e Fleet Weather Central (Norfolk, Virginiz, and Alameda, California),
who provide routings for MSTS passenger ships.

Five steamship companies were contacted: American President Lines, Central
Guif Steam;hip Company, Cunard Steamshiy Company, Grace Line, and Moore-
McCormack Lines. Assuming a voyage not encountering adverse weather to be
indicative of passenger comfort, each of the companies was asked to qualitatively
evaluate OSR techniques in relation to passenger coinfort. The answers ranged
from ". . . a great deal of improvement since OSR services were introduced" to
""we have provided comiortable Atlantic crossings for 150 years without OSR and

do not need the service now. "
Next, the annual routing statistics provided by fleet Weather Central (NORVA
and ALA) were analyzed. Again assuming that passenger'discomfort is correlated
. with adverse weather, the accuracy of forecasting should be directly related to
passenger comfort. Therefore, the percentage of routes encountering adverse
weather considered avoidable by more accurate forecasting was deemed a proxy
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for pass.ager comfort improvement, Table 20 summarizes this percentage on an
apnual basis and indicates the number of routings from which this percentage was

derived.

Table 20

ADVERSE WEATHER AVOIDARLF BY MORE ACCURATE FORECASTING

y —_—

! ][ Boutes Encountering Adverse Weaj

vear Total Reutings Provided | ther Considesed ;%voidable by
hiore Accurate Foreuasting,
percent

NORVA ALA NCRVA AaLA

iggn 528 758 5 2

1961 5490 878 4 2

1962 617 876 2 2

1963 662 873 3 1

1964 780 918 H 2

1963 841 908 i 2

1966 845 | Data Not Available 1 f ~ata Not Available

In view of these small percentages, it would appear that passenger comfort is

becoming asymptotic with the opiimum, and potential benefits will be negligible.

IMPROVING PORT SERVICES

Initially, reduction of nonproductive longshoremen labor costs (rainouts) was
whought to be a direct benefit of :mpreved environmental rvediction. However,
closer investigation of the real-world situation revealed that these potential savings
would not be reauzed.

A cargo ship in port is loaded and unlo. ‘ed by members of the International

Teamster " nicn By 3 p.m. each day, # _pping company must notify a stevedore
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company, who in turn orders longshoremen for the following day. In New York,
aithough the slightest precipitaticn will canse work stoppage (rainout}, the long-
shoremen are still paid in four-hour increments; whenever rain occurs anc long-
shoremen are scheduled, they are paid for this nonproductive time. Ideally, a
shipping company using precipitation forecusis could eiect not to crder longshore-
men if a rainout were predicted. However, two factors preclude this peotential

cost savings {rom being realized:

A union agreement includes an annual work guarantee clause ranging
frem 1,600 hours (Norfolk) to 2,080 hours (New York). These guarantees
do not inciude a rainout clause. Every longshcreman who reports for
work and cannot work for a variety of reagons beyond his contral can
obtain pay by applying for the guarantee. This guarantee is managed

by shipping associations in each port and is fulfilled Ly taxing the steve-
doring companies for their appropriate share. To compensste for this
tax the stevedore employer includes a factor for rainouts in the rate
charged to the shipping company. Thus, the savings that would appear
to result from a steamship company's canceliing cargo operations
because of precipitation are only superficial.

One experienced stevedore empioyer mentioned that even if he did not
schedule cargce operations on a day of precipitation, he would find it
very difficult to obtain longshoremen on the following day due to his
diversion from the unwritten rules of iiie game.

CONCLUSION

Summarizing the results of the analyses presenced in this chapter, the total
annual recoverable ccsts and losses in marine transpc~tation for the 1985 time-

frame are as follows:

Annual Recoverabie Costs,
Category rafilions of doliars

Vegsel transit time reduction 2.7

Veagsel c}amage/ioss prevention

Merchant [leet
Government fleet
Small boats
Barge and towing




Annual Recoverable Costs,

Categorv millions of dollars
Cargo damage/loss prevention 9.3
ice cperations Negligible
Fatalities 60-70
FPassenger comfort Negligible
Port services Negligible

Table 21 consolidates these potential savings and indicates what might be

expected at predictive improvement levels of 25 percent and 50 percent.

Table 21
ANNUAL RECOVERABLE COSTS--MARINE TRANSPORTATION
(1985)
Level Savings In Total
1 Vessel Transit Time $0.7 million
Vessel Dawage/Logs 27.5 million $10.5 million
Cargo Damage/Loss $2.3 million
25 Percent | o talities 15-18 15-18
9 Vessel Transit Time $1.4 million
Vessel Damage/Loss $15.0 million $20.6 million
Cargo Damage/Loss $4.6 million
50 Percent | o talities 30-35 30-35
Ve-sel Transit Time $2.7 million
3 Vessel Damage/Loss $29.3 million $41.3 million
Cargo Damage/Loss $9.3 million
Fatalities 60-70 60-70
i
!
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APPENDIX A

BENEFITS FROM REDUCED SNOW AND ICE CONTROL

This Appendix cor.tains the detailed analysis of snow control costs and the anticipated
benefits from improved weather forecasting for the Washington, D, C., area.
Washington, aside from its proxirmity to RMC's facilities, was chosen largely
because detailed data were avaiiable from sources within the District government,
To project benefits from improved foracasts, it was necessary to analyze the ccsts
associated with individual storms of varying intensity and forecast quality. The
Washington data fit well into our analytic framework. The size of the data collection
and analysis task would preclude doing a similar analysi on niore than a few cities

in any practical study.

DATA COLLECTED FOR WASHINGTON, D. C.

Records of LU.¢ snow control activity for three winter seasons were obtain~d and
analyzed.1 These records contained the U. S. Weather Bureau forecast that prompted
the activity, the actu:l precipitation that fell and its timing, the timing of the mobilf. a-
tion and dispatch of spreading, plowing and hauling unfts, the number of units partic-
ipating, and a summary of «he action A report was made every time city forces
engaged In snow control activity. During the period of November 1966 to March 1969,
40 such eventa occurred. In addition, 15 minor storms occurred that required no

mobilization activity.

1. These were made available turough tho courtesy of the Department of
Highways and Traffic, Government of the District of Columbis.
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. linois Divi
irecast Hisiory Washington, D. C. Hoi??;?ghw‘;ssion

lassification cf Forec
Classification cf Forecast Number of

Prediction| Event Percent Percent
Occurrences

Yes ! ""Low or Missed" 10 18.2 18.4

No
¢ No No Action 15
‘ "Good" 52.6
Yes Action 14

[1]
-1
co

Yes

No ! "High or Faisze Aiarm" | 16 29.2 23.8

Totu 55 100.0 100.0

The raticnaie behind the classification of forecasts as "good, ' "low or missed, "
or "high or false alarni' followed from our position that forecasts should be judged
in relation to the use made of them. Snow control officials respond to forecasts of
impending snowstorms by mobilizing some portion of the snow control force at a -
particular time. The streets generally require contrc! activity if more than a trace
of snow actually falls. Thus, timing and amount of snow are both important to the ‘
snow contiol officials, the resulting costs, and the effectiveness of the actions taken.
A forecast was termed "low or missed’ {f it predicted substantially less snow than ’ %‘
actually fel!, predicted rain rather than snow, or falled to predict any precipitation |
that would require action. A forecast was classified as "high or false alarm’ if it

prompted a much larger initlal mobilization than was necessary for what actually

occurred or {f a predicted storm never materialized, All other storms fell wto the
category of having "good' forecasts. "'Good" forecasts with a one-hour lead time
are "hits"; all others are shades of ''misses. "

The events falling into the three forecast quality categories were analy zed as
separate groups, on the assumption that different mechanlsms would be operating
in the production of costs between the groupe From the records, a number of
tems of information relating to the storm characteristics and the control activities

were collected. These include the following:
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e depih of snow (intensity),

e storm duration,

® time botween first mobilization and precipitation (Jead time,
mobilization),

e time between first dispatch and precipitetion (lead time, dispatchy,
o duration »f snow alert, and

e number of truck hours worked.

In 2 number of cases, approximations hed to be made, but we believe that these

approximations were in line with the facte From these data values, a number of

measures were derived, in hopes that they might help to explain the cost behavior

a5 related to {forecast accuracy. These included

» storm Juration/alert duraiion;

e tiuck hours/storm duration;

e rate of snow fall (intensity/duratiui),

e lcad time, mobilization/alert duration; and

» load time, dispatch/alert duration,

Hypotheses were developed for functional relationships vetween a number of
variables. We helieved that truck hours should be an increusing function with
some measure of storm severity, and that the quality of the forecast sheuid alse
affect the cost outrome. Graphical displays of many of the potentially relevant
reiationships were used to eliminate some, while helping isolate a few relution-
ships that bo4 good descriptive power,

Lincor regressions and regressions on transformations of some of the variables
were run to determine the best relationshipe In terms of “he stundard statisticsl
measures.

For the category "high or false alarm' forerasts e onlv useful relationsnin
ie an arithmetic average of the number of truck hours. The record of these events
is shown in Figure A-1, which plots truck hours versus storm intensity. The averag
number of truck hours for these events {8 635, Potential sxplanate— variahivs, such |
as predicted intensity or forecast lead time, were not uniformy avatlahic in quontifiabhe

form for these events (e.g., "Chance of snow by morning. "'+.
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The group of '"low or missed' forecasts is hest described by a relationship
between storm intensgity and the logarithm (base 10) of truck hours. In this form,
a linear reiationship exists, with reasonably good statistical measures, A trans-

formation of the equation results in an exponential form

.15
TH = (494 10" 000

where

TH = truck hours

I = intensity of storm: {inches)

Figure A-Z displays this relationship, along with the daia points,

The mobilization events that fell into the nategory of ''good" forecasts related
best to both intensity of the storms and the parameter 'lead time, mobilization." The
relation i3 also log-linear, and the linear form of it has fair statistical measures.
This relationship ig plotted along with the rdata points and statistical information
in Figure A-3. A transformation to exponential form predists truck hours by the

equation:

@ 1 L] 2
TH = 640 - 10°031671 4 1342LTM

where
LTM = lead time, mobilization.

Snow control officials in Washington try to have a mobilization lead time of one
to two hours. This permits the ability to respond quickly to the first affects of a
snowstorm. If they operated with lower (zero or negative) iead time, their costs
would be lower, which indicates that there are substanilal disbenefits to society
from such delayed reaction, as discussed under the sections on trafiic accidents
and road user delays.

Assuming that snow control operations proceed most efficiently when lead time

for mobilization is one hour, then the equation derived can be used to measure the
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excess cost incurred :a snow control operations from deviations above this level of
operation., Deviations below this level would resuit in extra costs incurred by other
cectors of the transportation industry.

The difference in magnitude between the ideal situation (good forecasts with
one hour lead time) and that of the low forecasts also is an added cost to the city
from inadequate forecasts. Finally, high forecasts or faise alarms is the third
component of the excess costs caused by present levels of predictive ability.

To illustrate an application of our methodology, we will take the record of the
55 snow occurrences in this three-season time period and compare the resuits of
present levels of forecasting accuracy with those of three levels of improved predictive
ability. For thc Lo.=~ case, we will apply the appropriate estimating relationships
to the storm characteristics and forecast category for each of the storms. For the
three successively better levels of predictive ability, we will observe the snow con-
trol cost difference as more storms move to the category of '"good" forecasts with
one hour lead ¢ime for mobilization. (The exponential form is vsed for storms

with snow falil above a trace. Zero truck hours is used for storms with no snow or

a trace.)

Th three leveis can be roughly described as 25 percent, 50 percent, and 100

percent improvement in predictive abil..y, witl . ‘0 percent representing '"perfect”
forecasts, i.e., elimination of all deviations from normality. Table A-1 summarizes
{ these results and shows the anticipated differen.as in truck hours over this three-

! year period for the three levels of imp. “ement. As can be seenfrom the table,

wach successive improvement indicates a lower net cost of snow control. .i ) e ‘

To translate these improvements into annualized costs, the avoidable cost per /
truck hour avoided must be found. In this setting a truck hour has many aspects N
to it, which then have a reflection in cost. The trucks may be clity-owned or contract ‘

trucks. They may be speclalized equipment (rotary blowers, spreaders) or trucks :
whose major purposes are some other activity (sanitation, hauling) equipped with :

some device to adapt it to the snow control activity. These devices may be chemical
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spreading devices or plows, and there is a variety of types and ages of these in
use in the District of Columbia. The activities engaged in by the trucks range
from waiting (at city facilities or at critical sites such as bridges and hills) to
actual sp.cnding of abrasives, plowing, or hauling. Non-productive but essential
activities such as refueling, travel to work sites, and emergency repairs also
account for some truck hours. The cost tc the city of a truck hour consists of the
element's materials, labcr, and equipment depreciation.

The materials expended through truck usage are fuel, repair materials, and
salt and other materials spread on the streets, The sand and salt used in fighting
snowstorms is related mos¢ closely to the actual storm characteristics and not to
the accuracy of the forecast; officials in charge of snow and ice control say that
these materials are not spread until snow actually starts falling, and they are spread
until the snow reaches a depth of about two inches, Therefore, the cost of these
materials are of no concern in differentiating between actions taken on forecasts of
varying qualities, The costs of fuel and materials for repair are relevant items,
however.

Most of the costs are covered in the truck rental paid to coniractors on the
smw control effort., I 1968, this rate was $17.50 per hour plus a $150 an~ual
retainer and includes the use of the truck, one operator, and all fuel and maintenance
costs. We will assume that the contract rate {8 2 fair representation of the costs of
these elements for the city-operated vehicles, too. To the hourly ost inust be added
the cost of the attached specialized equipment, administrative costs, and the cost of
§. ‘ervisory personnel.

The major specializ~d equipment {tems are spreaders and plows. Abrasive
spreaders can be bought for about $2,500. They require about two hours of cleaning
and maintenance between uses and a comparable amount of time for maintensince
between seascons. A ten-foot reversible plow with the "A" frame and axle bracket
neceasary for attachment costs about $750 and requires about half the cleaning and

1
maintenance of a spreader unit.

1. Personal communication from Mr. C. Carroll, Department of Highways
and Traffic, District of Columbia,
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Both items have useful lifetimes of arcund ten years. Assuming $50 as the
annual cost ol maintenance and cleaning of a spreader unit, our estimates of the

annuaiized costs of owning and operating these equipment items are

$3c0
$100

Spreader: $2,500/10 + 50
Plow: $ 750/10 + 25

If the $150 retainer fee reflects adm nistrative costs to the contractors, which are
mirrored by c.mparable costs for the city, then the total annual costs for these

items is

Spreaaer: $450
Plow: $250

During the storm of Febru.ury 6, 1967, 90 spreader units and 253 plows werc
duployed. If the total annual .~at reflects this peak, then the use of spreaders and
plows indicates an annuai sxpenditure of $103,700 (= 90 x $450 + 253 x $250). Over
the three-year period satudied, the number of truck hours averaged 25,140 per vear.
Thus, the average cost per .cuck hour of these equipment itemsz amounts to $4.12,

The estimated ccst of supervisory personnel allocated to truck hours is about
$1.00, based on an approximation of 20 to 25 headquarters and field personnel and
aboi:t 100 vehicles,

Adding together all the elements gives us $22.62 (= $17.50 + $4.12 + 31.00) per
truck hour as the estimate to apply to the reductions shown by the three levels of
improvement in predictive ability. It is falr to use this average cost, since we
are talking of relatively long-range changes in the operating environment of the
snow control activit  During the perici of time needed to realize a given change
in predictive ability, it {s assumed that the entire level of operations could be

changed so as to gain the potential cost savings indicated by the aversge cost figure.

When this figure ie applied to the differences (n truck hours associs 2d with the
three levels of improvement shown in Table A-1, we arrive at a measure i the

bunefits that could be realized by improved prediction over the three-year period

in que ;tion. The resulting annual average potential savings are reported in Table A-2,
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Table A-2

ANNUAL POTE! TIAL BE. _FITS
FROM IMPROVED FORECASTING

TO SNOW CONTROL EFFORT IN wASHINGTON, D. C.

Level of Improverment

Potential Reductions I
in Truck Hov - }

Annual Savings
in Truck Hours

Annual Cost
Savings

A TN s R AR R S T SRR B SRAT s SRR T

Three-Year Period
: 1 - 25% improvement 13,560 4,520 L $ 80,900
2 - 50% improvement 22,970 7,677 $173,700
3 -100% improvement 52,740 17,560 $397,000 |
{perfect forecast)
A-15
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APPENDIX B

BENEFITS FROM REDUCED TRAFFIC ACCIDENTS

As a result of investigating the causes of traffic accidents asscciated with snow-
storms, we found that there are two areas for potential reduction in costs from
improved {: ~ecasting: (1) eliminating accidents oc.urring during the early portion
of a storm, and (2) eliminating traffic accidents after the storm. Both are
associated with delayed action on the part of snow control activities. The prevent-
ahle accidents occurring early in a storm would occur on streets thut had not yet
been salted. Accidents occurring after a storm are associated with a delay ia the
clean up of streets, due to a late start or a low forecast. In either case, an in~
crease in the warning time for mobilizing forces oi the elimination of forecast
errors on the }~w side should reduce the incidence of these accidents.

An important point to remember, however, is that weather and road conditions
are only some of the factors involved in causing accidents, and that other factors
will still be present to cause accidents, even if an improvement can be made in
weather forecasting. In fact, there may be some adverse effect from maintaining
better road conditions. Studies have shown that the unit cost of accidents on dry
pavement is higher than on spowy pavement, becauge drivers are more cautious
on snowy streets and drive more slowly, resulting in iess damage and fewer
persenal injuries when accidents do occur. 3 Eliminating accidents on srowy
streets by means of better forecasting will generate a smaller number of more

gevere accidents.

1. Robert K. Lockwood, ed., Smew Removal and Ice Control in Urban Areas;
APWA Research Foundation Project No. 114, (Chicago 1965), and Motor Vehicles
Accident Costs--Washington Meiropolitan Area, Wilbur Smith & Associates, (1965).
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Some indication of the magnitude of the potential savings can be determined by
exawining data collected for Clicago. 1 It was estimated that an inch of snow
caused about 200 accidents in excess of what would have occurred uncer good con-
ditions. Of these, 72 percent occurred after the storms ended. If the weather
forecasts for Chicago are as accurate as those in Washington, this indicates that
about 32 percent of all storms are predicted on the low side or without ample
warning. 2 Thus, a maximum of 32 percent of thc soowstorm accidents might be
aitributable to these forecasts. In Chicago, with a mean annual snowlail of 37.6
inches, there would be ¢ maximum target of 2400 accidents that could be eliminated
(32% x 200 x 37.6). A more reasonable assumption is that the effect of a low or
late forecast on accidents oceurring after a storm is much less than on those in the
first hours of the storm. This "~ so because the persons in charge of snow control
operations make adjustments in their plans as a storm progresses. If we assume
that low or late forecasts have an effect on only 25 percent to 50 percent of the
target accidents occurring after a storm, then the net annual target number of
accidents that may be =liminated is 1110 to 1546 = 2400 x (28% + 25% x 72%)
or = 2400 x (28% ¢ 506% x 72%).

Thus, if forecasting could be improved so as to eliminate all such errors,
approximately 1300 accidents annually, at about a cost of $250 per accident, could
be avoided. 3 Perfect foracasts would save the motor vehicle sector of the trans-

portation industry in Chicago about $325, 000 per year,

1., Loexswood.

2. Ip the 1966-1969 period, 10 storms in Washingto.: had low forecasts and
aeven of the 55 were not predicted with sufficient warr ng.

3. The urit cost of accidents on snowy streets was reported at between $210
and $295 in the 1965 APWA study.
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Chicago has twice the annual snowfall and five times the population of Washing-
ton, D. C. The monthly accident ratc in ihe Chicago AFWA study was 12, 200
(1963 to 1969), while for Washington it ranged between 2, 640 (1966) and 2, 960
(1969). 1 On the basis of these differences in scale, an appropriate ratio vveween
the potential savings for Chicago and Washingtor would be between 4:1 and 10:1.
Taking 6:1 a8 a compromise, we arrive at an estimate of the maximum savings
in snow-related accidents for the District of Columbia of $54, 000 per year.

To corroborate this estimate, the record of accidents in the District of
Columbia was studied for a three-month period during 1969. During this time,
Washington snow control units were mobilized 11 times, and 6. 9 inches of snow
fell. For each of the storms, the reports of the individual accidents occurring at
that time or in its aftermath were studied and the prevailing weather and road con-
ditions tabulated. These are listed in Table B-1.

By associating the time of the snowstorms and the warning times available to
snow control forces, we estimated that 49 of the 280 accidents occurring in snowy
or sleeting weather might be attributed to a late or low forecast. This is 17.5 per-
cent of that category. It was assumed that virtually none of the 222 accidents
occurring under conditions of fog, mist, or rain was preventable by improved fore-
casts. If we apply the 17.5 percent figure to the category of clear, wet, or icy, wve
ge,. 18 accidents occurring after the storms that might have been prevented by
improved forecasts. The estimate, then, is that 67 (49 ¢ 18) accidents during this
period were the result of low or late forecasts.

This time period sustained 6.9 inches of snow, or 37 percent of a median

year's annual accumulation. This suggests that ~ ~» average year, there would be

1. Metropolitan Police, Disirict of Columbia, Official Traffic Accident
Summary Reports, 1966, 1867, 1978, January, February, March, 1568,
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Table B~1

SUMMARY OF ACCIDENTS IN WASHINGTON
ASSOCIATED WITH SNOWSTORMS ~-- Jan. - March 1963

-]
Road Condition Total
Wet or Icy Dry
Snow, , :
Sleet 275 5 280
Weather
Fog, Rain
or Miat 222 0 222
Clear 102 ¥ 203
Total 599 6 605
[
4’
B-4 - -
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about 180 acci-’ .ats potentially preventable. Using a previously derived figure for
the fully allocated direct cost per accident of $328 (1965}, we get $59,5600 as the

estimate for Washington, D, C. 1 This compares with the $54,000 estimate arrived
at indirectly from the Chicago information.

Using the wholesale price index of motor vehicles and equipment to arrive at
. 1968 dollars, 2 we have $59K (104.5/100.7) = $64, 000 maximum annual benefit.
Assuming a straight-line relationship between predictive improveme. * and benefit,

we get the following estimates ror benefits due to three levels of improvement.

Improvement in Reducing Number of Benefit to Washington, D.C. in
Level Low or Late Forecasts Reducing Accidents
1 259 $16, 000
2 50% 32,000
3 100 % (peifect forecast) 64, 000

We believe these estimates are fair reflections of the potential benefits in
this area. Simplifying assumptions were made in deriving these figures, but a
fair balance seems to have been struck between assumptions that would inflate the
estimates and those which would tend to deflate them. We made no accounting of
the number of accidents on dry pavement that would replace some of those pre-
vented from occurr: g on icy or wet pavement. The judgment applied to the acci~
! dent figures tended to be on the conservative side in attributing accidents to low
or late forecasts.

One further factor to be considered is8 the number of fatalities that may be
eliminated. By the police record, between .1 percent and . 2 percent of all acci-
| : dents occurring on snowy or icy streets are fatal. Thus, the elimination of up to
180 such accidents per year would reduce the death toll by about ,3 deaths per year.

1. Motor Vehicle Accident Costs--Washington Metropolitan Area.

2. U.S. Department of Commerce, Bureau of the Census, Pocket Data Book--
USA 1969.
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APPENDIX €

EXTRAPOLATION TO NATIONWIDE BENEFITS

This appendix presents how factors were derived for extrapolating the benefits
found for Washington, D. C., to naticnal totals.

We found that the snow removal costs for an individual storm in Washington
were an increasing function with the depth of snow (see Figures A-1, A-2, and A-3).
Annual snow control costs also reflect this phenomenon (see Figures C-1 and C-2),
In comparing annual costs among cities, the city size also has a direct relationship
to snow control costs. Table C-1 shows the snow fighting costs for three eastern
cities during one season, along with their 1960 population an land area. Our
scaling factor will reflect the variations in snowfall over the country and the size

of the areas affected.

COMPARISON OF WASHINGTON, D.C., WITH OTHER CENTRAL CITIES

with tais in mind, we looked for a relationsh»’ that seemed reasonable for
use as a scaling factor, A sample of 75 citles was chosen for investigating
potential relationshipe. These were the 75 largest cities (by 1960 population) with
mean anpual snowfalls of morethan 10 inches. As measures of size, statistics on
population, land area, total municipal expenditure (1964-1965), and highway
expenditure (for the sameyears) were compilad. Measures of snowstorm intensity
that were collected for each city were mean anrual depth of snowfall s~ .iean
annual cumber of days with snowfall greater than ome inch.

We assume that the magnitude «f benefits attatnable for a city from a given
improvement in predictive ability will be a fimction of tae city ‘s size and the

C-1




Table C-1

SNO'V FIGHTING COSTS FOR 1960-1961 SEASON--
COMPARISON FOR THRF.E CITIES

Land Area | Total Municipal Expenditure
14
Ctty Population (8q. mi.) on Snow Fighting
Washington, D. C. 763,956 61 $ 1,420,000
Philadelphia 2,002,512 129 $ 5,000,000
New York 7,781,984 300 $22,500,000

.

Scurces: 1560 Census; "Traffic Snow Emergencies in Washington, D. C.,"
Office of the Engineer Commissioner, Government of the District
of Columbia, 1961; '"Cost Analysis of Snow and Ice Control Operations, "
J. T. wcnnon, APWA Yearbook, 1967.
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intensity of its snowfall, For city i, this can be represented as

Bi f (Pi' Li' Ei'Hi’ Si, Ni)

where

Bi = benefit for city i

Pi = popalation, city i

Li = land area, cityi

Ei = total annual expenditure, city i

Hi = annual highwa expenditure, city 1

S1 = mean annual anowfall, oity i

Ni = mean number of davs with snowfall > 1.0 inch

if it 18 assumed that tha benefits for =ach city of a given group of cities Is
governed the same relationship, theén the total benellts for this group is

represented by the summation

BT = oy PPy Ly B HL SN

City i’ reiationship to the total can be expressed as a percenisge in the form

BP, = {B,/BT) 100%

A nimber of functional forms were tried fo- the Bi relationship, cumbining the
various wucasures of city size and snow irtensity in simple waye., The Bi's for the
st of 75 citles were calculated, and BPi's for a few cities were examined. These
are reported in Tabie C-2 for Washington, Philadelphia, sad New York.

It musat be emphasized that the Bi function and the reaultin,, BT are proxies

ior the costs of ancw contrel, snow related treffic accidents, and traffic delays
due to snow, These actual costs are = laced with » function of varisbles that
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Table C-2

PROPORTIONS OF 75 CITY TOTAL FOR 3 SELECTED CITIES,
RESULTING FROM TRIAL FUNCTIONAL FORMS

mm;"a’i Form | washington, D. C. | Philadelphia, Pa. | New York, N.Y.
i (parcent) {percent) {percent)
k Pi Si 1,185 3.42 19.35
k P1 Ni 1,075 3.38 17,54
3 € 2]
k 13':i bi N1 .46¢ 1.59 12.02
e ) o 2 -5 “ r-.
kPi Li Si 59 3.59 17.19
L S . 295 2.14 .
k Pi 5 Ni 29 1 37.55
k Li Si . 869 2.01 6. 79
k Li Ni 774 1.5¢ 6. 09
~E H S 1,812 .73 87,85
iiid
ik E, Hi Ni 1,780 79 86, 92
k Ei Si 2.625 2.55 37.98
k Hi Si 4,630 2,10 24,60
kH N 4,190 2,10 22,60
is 1
k Pi Si 1.020 1.80 5.18
5
8 » 967 .79 4,93
k (Pi 8 Ni) 1
K Pi Si5 1.675 4,57 21,50
k Pi N15 1.580 4,56 20,50
¥ li'i‘32 Si 1.106 2.19 7.40
c-6
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Table C-2 Continued

! 3 -3 J o s J
Data Values Washington, D. C. | Philadelphia, Pa. | New York, N.Y.
P.: population 764. 2,002.5 7,782,
(thousands)
L; iand area 61. 129. 300,
(5. mi.)
E.: municipal expend,
370, 8. »359,
i ($1000) 328 3.359
H.: highway expend.
: 47.7 . .
i ($1000) 12.8 160.4
Si: mean_ann}'lal 18.7 20.4 29.7
snowifall (inches)
Ni: mean annual no.
cf days with 5. 6. 8.
snowiall > 1.0 in.
C-7
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are more readily available. We will asgsume that the benefits attainable for
different areas will be proportional o the snow-related costs, so that the function
selected can be used to relate the benefits found for Washington, D. C., to the
vational total.

In looking for a scaling factor, we want the function irom which it is aerived
to give "reasonable" results, in terms of the relaticn between an individual city's
cost and the total, and among the cities. The trial functional forms give widely
varying estimates of Washington's contribution to the 75 city total. ranging from
.295 percent to 4.63 percent. New York's contribution ranges up to 87.05 peicend,
and these extremes seem unreasonable. In addition, five of ihe trial forms
produce estimates in which Philadelphia's costs are sma’'ler than those of
Washington, Some of these presumed anomalies seem to be explained by the fact
that the data for municipal expendiiures and highway expenditures are for one
specific year and therefore could induce fluctuations that are avoided by using
population or land area figures, Some of the functional forms seem to over-stress
the differences in city size and, in one case, result in estimated proportions for :
Washington and New York of .295 percent and 37.55 percent, respectively.

We looked for a solution that fit in with our preference for a middie ground
among these extremes and also fit in with the few data points available to us, The

one chosen was of the form

a
Bi = kPi Si'

A value of the exponent a was derived by taking the ~cases of New York and
Washingion and assuming that the benefits for each would be proportional to an
average value of their sncw fighting expenditures. In the 1960 to 1967 period,
Washington's snow expenditures averaged $1.18 miliion per year, 1 while comparable
expenditures for New York averaged $7.89 million. 2 Equating the ratio of these

1, Official Snow Removal Reports, District of Columbia.

2, J. T. Lennon, "Cost Analysis of Snow and Ice Control Operations, "
APWA Yearbook (1967).
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expenditures to the ratios .7 the functions of population and snowiail allows us to
solve for a = .62, The use of this form, as shown in Table C-2, gives results
t .t are in line with our intuitive feel for the situation. It indicates that
Washington's share of the potential benefits for these 75 cities would be 1.106 percent,
It is instructive to look at the cumulative effect of this benefit generating
function as it is applied to the list of 75 cities, Figure -3 illustrates the way in
which the function BT = Z:kll-‘*i'szsi responds to adding citles to the list, largest
first. The horizontal axis represents cumrnlative population (in thousands) of all
cities considered, and the vertical axis represents the resulting value of BT
(for k = 1). The first point represents the value of BT for New York alone, the
second represents the combined effect of New York and Chicago, while the last
point represents the effect of all 75 cities, including Utica, the last and smallest.
The 1.106 percent figure for Washington is the result of dividing its B, by the

i
BT at the last point:

Bi/BT = 1,145.5/103,982 = 1.106%

To review what we have done, a relationship between potential benefiis for
Washington and for a group of the 75 largest «*.es with significant snowfall was
derived. Our experience with the Distric! of Columbia information guided us in
the selection of a relationship that makes intuitive sense and fits with our limited
data., We will now extend this wory 4o tie other metropolitan areas not represented

in the list of 75 central cities. Tuis inclides all the non~central metropelitan areas.

ADJUSTMENT TO INCLUDE OTHER CENTRAL CITIES

An estimate of the first group is obtained Ly examining the list of the 130 central
cities that reported populations greater than 100,000 in the 1960 census. Cf the
50.7 million persons in this group, 34.15 million (67.4 percent) lived in cities
that receive more than 10 inches of snow annually. In 1960, a total of 58.3 million
pecple lived in central cities, so that 7.4 million resided in cities sinaller than the
190,000 minimum in our sample. If the €7.4 percent factor applies to this goup

C-9
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as well as to the 75 city group, then the total population of cential city dwellers
of concern to us would be 24.15 + (.674)(7.4) = 39.11 million. Extrapoiating the
relationship shown in Figure C-3 to this cumulative population yields a BT of
147,000,

Thus, we conclude that the benefits found for Washington would be .778 percent
{1,145.5/147,000) of the benefits for all ceniral citles. To scale District of Columbia
benefits to total central city benefits, we apply a factor of 128.7.

Inclusion of Suburban Areas

The other areas of concern for benefiis related to improved prediction of snow-
storms are the suburban fringes surrounding the city centers. In 1960, 63.0 percent
lived in the metropolitan areas listed as SMSAs., Of these 133 million people,

54,5 million lived outside the central cities, which compares with 58.3 million
central city residents, Thus, this represents a greut target for potential benefits.

For the purpose of this study, the suburban areas were assumed to be similar
to small central cities in terms of the expected benefit response to improved
forecasting. The same mechanisms of cost incurrence (removal operations,
accidents, and delays) exist, and the suburban areas resemble many of the smaller
central cities in their characteristics of land use and population density.

it was reasoned that if two areas had comparable population densities and
comparable amounts of land devoted to streets, they would be comparable in their
incurrence of costs due to snowstorms. Therefore, a change in predictive ability
would have similar effects on reducing overall costs forthe two areas.

Among a group of eigiu central cities, we found that the proportions of land
area devoted to streets is a generally increasing function with population density.
(See Table C-3 and Figure C-4.) Information was available for three metropolitan
areas, relating population and land use to the distance from the center of the city,
represented by a set of gemerally concentric rings. Table C-4 displays the street
area percentage and population density by ring for the Chicago, Pittsburgh, and
Baltimore SMSAs. The approximate division between the central city and the

Cc-11
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Table C-3

POPULATION LAND USE CHARACTERISTICS FOR
EIGHT CENTRAL CITIES

City Populadon | Population Density | Percent Land Used for
(1000) (1000/8q. mi. ) Streets
New York 7,782 26.0 34.6
Chicago 3,550 16.0 25.9
Washington, D. C. 764 12.4 27.8
Detroit 1,670 12.1 30.8
Pittsburgh 604 11,0 25.0
Mimeapolis-St. Paul 755 7.5 29.1
Chattanooga 130 3.6 23.9
Tucson 213 3.0 28.3

Source: The Economic Feasibility of Decentralized Metropolitan Regions,

H., R. Woltman, etal., PRC, Los Angeles, October 1965.
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Table C-4

RELATIVE STREET AREA AWD POPULATION DENSITIES FOR
REGIONS AROUND CITY CENTERS

City Ring No Percent Land Devoted | Pop. Density in | Pop. Density | Pop. Density
’ to Streets Ring (1000/sq. mi.) | Central City | Suburbs
Chicago 0 35.8 5.3
1 36.1 29.1
2 30.4 30.5 16.0
3 31.9 26,7
4 31,6 18.1
5 32.3 2.3
6 30.0 5.6 5.2
7 36.6 4.1 "
Total 32.8 11.7
Pittsburgh 0 41.5 6.0
1 34.4 20,7
; 2 30.3 18.6 1.0
! 3 29.3 16.0
? 4 26,7 11.9
5 5 27.7 8.3
! 6 27.0 5.2 7.7
7 30.5 4.5
Total 28,2 9.25
Baltimore 0 38.6 4.6
1 3i.4 28.4 12.0
2 26.8 15.5
3 19.2 7.3
4 16,0 4.1 4.2
5 17.0 2.6
Total 18.7 J 6.55

Source: The Economic Feaaibility of Decentralized Metropolitan Regions,
H. R. Woltman, etal., PRC, Los Angeles, October 1965.
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surrounding suburbs is indicated by the heavy line, and the population density for
those two segments of the SMSA is also shown. Figure C-5 shows the relationship
between population density and relative street area graphically.

For each of these three metropolitan areas, both population density and the
fraction of land devoted to streets declines from the central city to the suburbs, with
a slight increase in street area at the outer ring. The levels of density and street
area in the suburbs are comparable, however, with those in the smaller of the
central cities listed in Table C-3. Of the 25 smallest cities in our sample of 75
with significant snowfall, all but two have population densities in the range of the
suburbs shown in Fizure C-5. The. : cities range in size from 100,410 people
(Utica) to 141,543 (Evansville, Indiana) and vary in snowfall from 11.9 inches to
97.5 inches,

Our conclusion is that these cities represent the physical and climatological
characteristics of the suburban areas reasonably well. We shall assume that the

benefits per capita accru .J the suburbs will be similar to those in the central

cities with a population of 100,000 to 142,000. Referring back to Figure C-3,
the slope of the curve in the vicinity of these cities gives us a measure of this

rate of benefit incurrence, RBT. This has a valuc of 6.78 BT per 1000 persons.

PROJECTING TO 1985 ACTIVITY LEVELS

A comparison . tween 1960 and 1968 pcpulutlonsl shows a net increase of 20.5
million persons in metropolitan areas, saill of which occurred outside the central
cities, We assume that this trend will continue into the 1985 time period. Thus,
the population for central cities for 1960 will be assumed to apply for 1985 as
well.

Projections of total U.S. population for 1985 range from 241.7 millicn to
274.7 million, averaging 258.5 million. This is an increase of 58.7 million from

1. U.S. Department of (ommerce, Bureau of the Census, Pocket Data Book--
USA 1969.
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1968. Seventy percent of the total U, S population growth from 1960 to 1968

was in suburban areas. If this relationship holds into the future, there will be a
pet increase of 41.0 million persons in the suburbs from 1968 to 1985, bringing
the total to 109.8 million. If £7.4 perce ' of this population lives in regions with
significant snowfall (as is true with r .atral city inhabitants), ther 74.0 mi'lion
peonle will be affected, Multiplying this figure by the rate of benefit incurrence

found above yields

"

BT, burbg = (6:78)(74,000K)

501,000

The value of Bi for Washington is 0.206 percent of the BT fur the suburbs in
1985. The scaling factor is 486 (=1,.206 percent).

ADJUSTING FOR OPERATING TECHNOLOGICAL CHANGES

It can be expected that the benefits from improved forecasting in 1985 wiil be
relativeiy less than at present for cities of comparable size. The reasons for
this stem from the changes that are likely to occur in transportation operations
and frem technological innovations in fighting snowstorins and reducing their costs.

We would anticipate ,ome decrease in street level traffic as more cities take
action to combat urban congestion, Some cities, such as Washington, will have
new underground rupid transit systems to relieve some of the burden on th ofty
gtreets. There will aiso be an effect on traffic in the surrounding suburbs served
by these systems an. extencions of existing rapid transit systems, Othor innovations
such as "iringe parking" at rapid terminals will become more widespre-.d and
censequent'y reduce the volume of traffic, Such a reduction will make the total
cost target smaller, thus reducing the potental benefits,

Technological advances have oc urred over the previous few decades to lower
the cost of fighting snow. These include the widespread use of salt om streets, the
dev. lopment of more efficient machinery for snow control, and the uce of heated

pavements on vridges, hills, etc. Operetions have been made more efficient by

c-17
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the use of radio contrulled equinment and ag more serious thought has been

mut into organizing and conireliing the snow control function. There has been

congiderable pressure for making .atomotiles safer, and there continues to be
pressure for reducing the cost of accidents, in terms of personal injury and

mechanical danmiage, While it i8 no: pose'hle tc predict what improvements wiil

et el L A

come in the next 15 years, it is very likely that some changes will occur. These

changes caa only contribute tc lowering the potential for benefits due to improvel
weather forecasting.

pe gy e, e at

A subjective estimate of the reduction in potential henefits is that 28 percent
i per decade is entirely ieasible, Thus, benefits calculated for 1985 will be

ieduc Al by 35 percent to account for tne changes in operations and technology
; between 1968 and 1985.

BENEFIT COMPUTATION--NATIONAL, 1985

Table 10 of Chapter 7 summarizes the derivation of the scaling factors for
projecting the benefits found for Washington, D. C., to a national scope in the
1985 time period. The annual benefits for the thre= levels of improvement for i
the District of Columbia are shown in 1968 dollars. The resulting expected

national benefits are then shown in the right-hand column.
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