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executive summary

The research project, "Termination of
Loran-A: An Evaluation of Alternative
Policies,™" analyzed problems associated with
the planned termination of Loran-A service
and expansion of Loran-C service in U.S.
coastal waters. (Coast Guard implementation
of the project's recommendations will assist
civilian users of Loran-A with orderly con-
version to Loran-C, while keeping costs to
the taxpayer reasonable,

Marine users of Loran-A number about
50,700, There are about 32,000 recreation-
al boaters and 15,000 commercial fishermen.
Other large groups of Loran-A users are the
marine commercial sportfishing, merchant
marine, tug and towboat, and offshore pet-
roleum service industries. All of these
users are generally satisfied with the
quality of Loran-A service, and their number
has grown steadily in recent years.

Most Loran-A users are resigned to the
coming changeover to Loran-C: some are
enthusiastic, a few are opposed. Users
value Loran service highly, and therefore
77-98% (in the various groups} of Loran-A
users have made a decision plan to switch to
Loran-C. However, many users plan to delay
their switch until close to the time set
for Loran-A termination, and the Loran-C
receivers they plan to use are inconsistent
with the superior results they expect.

Even though Loran-C will provide super-
ior navigational service, the changeover
will be burdensome. For example, the loss
of useful life of presently installed Loran-
A sets, the selection and cost of Loran-C
receivers, timely availability of needed
charts, reconfiguration, coordinate conver-
sion, and tax and other financial questions
will cause significant problems for users.

The benefit-cost analysis sought sets of
actions that would reduce the financial
burdens of Loran-A termination for users by
an ameunt greater than these actions' cost
to the Coast Guard, and hence to taxpayers.
Based on the results of the analysis the
best options are for the Coast Guard to con-
duct the Loran-C Education Program that is



described in Appendix V and to extend Loran-
A service by one year in Washington, Oregon,
and California; these two actions constitute
the project's first two recommendations.
Closely related are recommendations for de-
velopment with Canada of a coordinated Loran
plan and for an alternate appreach to East
Coast reconfiguration.

Other recommendations emerge from analysis
of issues beyond the scope of the benefit-
cost model: terminate Loran-A service at a
time of year when marine activity is minimal;
ensure that nautical charts fully support
Loran-C service; and publish Loran-C system
specifications. The final recommendation
reaffirms the necessity for two yecars of
overlapping service, during which Loran-C
is fully operational and the full quality
of Loran-A service is maintained,

The changeover from Loran-A to Loran-C
can benefit users, but it will be neither
easy nor automatic. The Coast Guard is to
be commended for its competent technical
performance to date. Nonetheless, users
need assistance and the total Loran system
needs attention., Veluntary conversion to
Loran-C is vastly preferable to forced and
reluctant conversion, If the Coast Guard
undertakes the eight recommendations de-
scribed in this report, we anticipate that
users will switch to Loran-C sooner and
purchase receivers that can match their ex-
pectations, As a result, burdens of con-
version will be redinced. the transition will
be smoother. and the lLoran-C svstem will
serve the U.5. mariner well.



purpose and
introduction
The project, '"Termination of loran-A:

An Evaluation of Alternative Policies,"” pur-
sued the following objectives:

1. Teo determine the impact upon U.S,
civilian mariners using Loran-A of the sched-
uled termination of lLoran-A service and
the coinciding expansion of Loran-C service
over U.S5. coastal waters.

2, Te estimate the private and public
benefits and costs of conversion from Loran-
A to Loran-C under:

a} The published Loran-A termination
schedule together with those Coast Guard
actions planned at present for the change-
over; and

b) The published Loran-A termination
schedule together with additional Coast
Guard actions that could be designed to
lessen the impact on mariners of Loran-A
termination,

3. To recommend:

a) Actions that the Coast Guard can
undertake, sponsor, or request to minimize
the impact of the published Loran-A ter-
minatien schedule; and, if the residual
impact is excessive,

b) That combination of minimum over-
lap period with other Coast Guard actions
that will reduce the conversion's impact
to a level that will produce a reasonable
halunce between private and public costs and
private and public benefits,

Accomplishing these objectives reqguired
examination of many problems asscciated with
conversion from Loran-A to Loran-C. As
an initial research task, we developed a
conceptual framework and methodology ap-
propriatc for evaluating the conversion. To
conduct the necessary benefit-cost analysis
of alternative Coast Guard actions, we un-
dertock three major investigations to obtain
data. First, the number, location, needs,
and plans of existing Loran-A users were
determined. Sccond, supply conditions in



the Loran receiver manufacturing industry--
past, present, and future--were assessed.
Third, the costs of continuing Loran-A
service nationally and regionally were
estimated in detail. Full reports on the
results of the three investigations may be
found in the technical appendices of this
report, as may reports of other investiga-
tions that profile Loran-C users, examine
impacts on Canada and on search and rescue
activities, and describe the recommended
education program.

We then evaluated the alternative Coast
Guard actions on the basis of their rela-
tive benefits and costs. Finally, we
developed the recommendations presented
here that seek to minimize the impact of
conversien, including recommendations that
emerge from nongquantifiable considerations,



background

Loran, an acronym standing for Long Range
Navigation, is a pulsed hyperbolic radio-
navigation system that uses shore-based
transmitters and shipboard receivers. Hyper-
bolic navigation assumes that the difference
in distance from two fixed points on shore
can be determined by measurement of the time
interval hetween reception of synchronized
signals from transmitters at the two points.
The lines of constant time difference, and
hence constant difference in distance, are
hyperbolas (3]).

This discussion deals with problems
encountered in replacing the older Loran-A
system with Loran-C with the impact of the
changeover on U.5. civilian mariners who
usc Loran-A at present.

U.S5, LORAN-A SERVICE

Loran-A was develeped during World War 11
to aid in wartime navigation. At the end of
the war, Loran-A service covered a good
portion of the northern hemisphere. Since
authorities recognized that Loran-A had
widespread potential for a variety of appli-
cations in marine navigation, Loran-A scor-
vice in the United States was continued
after World War IT. This service was
augmented by additional tranmitting stations
to fill gaps in coverage, a process that
continued into the early 1970s, (Loran-A
service in the western Gulf of Mexice
sturted in 1968, and the Loran-A transmitting
station at Marshall Point, Maine, was added
in 1972).

Loran-A operates at a frequency of 1850-
1950 kllz and has a ground-wave range of
500-700 nautical miles (nm). Tts geodetic
fix accuracy ({the accuracy with which a
geographic position can he determined from
clectronic coordinates} is 0.5-5nm, and its
repeatahle accuracy (the accuracy of
returning to a position for which the elec-
tronic coordinates are known), is 0.05-1 nm.



NATIONAL PLAN TOR NAVIGATION

The National Plan fopr Navigation of 1972
specified the requirement for a radionaviga-
tion system capable of providing 0.25 nm geo-
detic fix accuracy within U.S. cecastal waters
to a distance of 50 nm offshore (26). How-
ever gaps exist in Loran-A coverage for U.S.
coastal waters, most notably off the western
coast of Florida and for much of the West
Coast and Alaska. Little engineering devel-
opment of Loran-A has taken place during the
last 20 years, the Loran-A transmitters are
aging, and it is unclear if the requirement
for accuracy could readily be achieved.
Because of the expense and technical risk
involved in upgrading and expanding the
system, Loran-A was rejected.

On 16 May 1974, the Secretary of Trans-
portation announced the selection of Loran-C
as the government-provided radionavigation
system for the coastal waters of the United
States. The announcement was confirmed in
the Annex to the Nationgl Plan for Navi-
gation that was published in .July 1974.

The Annex reaffirmed Department of
Transportation policy on avoiding unneces-
sary duplication of navigation systems,
and listed the following dates for imple-
mentation of Loran-C service and for ter-
mination of Loran-A:

U.5. LORAN-C SERVICE

Loran-C was developed during the 1950s
to meet military needs. The first chain of
transmitters started operation in the late
1950s. Loran-C shares many basic similari-
ties with Loran-A, but is technically
superior because of its transmission at a
much lower frequency (100 kHz) and such
technical improvements as multiple-pulse
transmissions, phase coding, cycle matching,
frecdom from skywave contamination, and
use of more sophisticated receivers. As
a result Loran-C provides longer range and
greater accuracy than Loran-A. It has a
ground-wave range of 1200-1500 nm, geodetic
fix accuracy of 0.1-0.5 nm, and repeatable
accuracy of 0,01-0.05 nm.

In 1974, at the time of its selection as
the government-provided radionavigation
system, Loran-C service imn the United States
existed only in portions of Alaskan and East
Coast waters. At the time of this writing,
in June 1977, U.S. West Coast, Canadian
West Coast, and Gulf of Alaska Leran-C
chains have been constructed. The U.5. West
Coast chain has commenced operation, but
the Canadian West Coast and Gulf of Alaska
¢hains have not. Constructien is currently
under way to reconfigurc the existing East
Coast chain into two chains, Scutheast and
Northeast. When completed, these U.S.

ImpTementation of Loran-C Service

West Coast

Gulf of Alaska Expansion
East Coast Reconfiguration

Gulf of Mexico Expansion

Great Lakes Expansion

1 January 1977
1 January 1977
1 July 1978

1 July 1978

1 February 1980

Termination of Loran-A Service

Aleutian Isiands
Gulf of Alaska
Hawaiian Islands
West Coast
Caribbean

East Coast

Gulf of Mexico

10

1 July 1979
1 July 1979
1 July 1979
1 July 1979
1 July 1980
1 July 1980

1 July 1980



Loran-C chains will provide full coverage
of U.5. coastal waters tc a distance of more
than 200 nm offshore.

The technical superiority of Loran-C
allows provision eof useful navigational
service in harbors, sounds, and other re-
stricted waters. Loran-C will also be use-
ful for land and air navigation. Loran-A
was not suitable for such uses because of
its lesser accuracy, shorter range, and
pocr propagation over land.

LORAN-A USERS

Loran-A users are numerous and varied:
for instarce, just within the U.S., the
range of Loran-A users includes civilian and
government mariners, foreign civilian and
government mariners, and both U.S. and
foreign aircraft that operate over the
ocean.

The scope of the present study further
limits consideration to only one of these
Loran-A user communities, U.S. civilian
mariners, a large and diverse group. Table
1 duplicates Table I-1 in Appendix I, and

shows both the major groups of U.S. civilian

mariners using Loran-A and our best estimate
of the number of Loran-A uscrs in each
group. Appendix I presents detailed in-
formation on these user groups, their use

of Loran-A, and their plans for adopting
Loran-C. As well as being numercus and
diversified in their marine activities,
these users are generally satisfied with the
quality and coverage of Loran-A service, and
their number has grown steadily in recent
years,

PROBLEMS OF CONVERSTON

The decision to terminate Loran-A and to
impiement Loran-C as the govermment-provided
marine radionavigution system for U.S.
coastal waters imposes a significant im-
pact on the user of Loran-A. On the onec
hand, the user will receive technically
superior navigation service: 1longer range,
greater accuracy, morc complete coverage,
On the other hand, the user faces what may
be a difficult and expensive choice. IFf
Loran is essential to his or her marine
operations, thceuser must switch to Loran-C
before termination of Loran-A in order to
retain continuous service,

Many users acknowledge Loran-C's supe-
riority, but feel that Loran-A is satisfac-
tory for their needs. At current prices,

1

l.oran-C receivers are expensive, compared to
Loran-A receivers in common usc. Most fully
automatic Loran-C receivers cost from $3000-
5000, whereas serviceable Loran-A receivers
arc available for less than $1000, and few
cost more than §2000. In addition, many
Loran-A users face the complication of pur-
chasing a Loran-C receiver and of retiring an
already installed Loran-A receiver before
the end of its useful life. The conversion
process will also cost the user time:

he or she must learn the operational
characteristics of a new system, must be-
come familiar with new Loran charts, and in
many cases must convert lLoran-A coordinates
to Loran-C.

For almest all Loran-A users, the basic
navigational reference system at sea con-
sists of Loran coordinates, rather thuan
latitude and longitude.  They think in
terms of Loran; their navigational world
is on¢ of Loran. Loran-C may be a better
system, and will be valuable to many
mariners, but Loran-A is familiar and func-
tional. For the user, conversion to Loran-C
represents a profound change, which resembles
in & very fundamental way the conversion
from English to metric measurements.

Specific prohlems exist both with the
Loran system and for the individual mariner.
Not every uscr will encounter every problem.
The cxtent and severity of the problems
that will exist for a given user are further
determined by his or her location, economic
circumstances, and type of marine operatiom.
These problems may be Summarized as follows:

System Problems

. Coverage. Whereas Loran-C covecrage
will he excecllent for U.S. coastal waters,
users nonetheless wish to have a navigation
system that provides service wherever they
operate. Loran-C does not provide worldwide
service, and cannot be used for the full
cxtent of many long trips. At a regional
level the Loran-C chains planned at present
will not serve the Caribbean areca, as Loran-
A did.

2. Chart Coverage. Users necd charts,
Under current plans, large-scale Loran-C
charts will not be printed for a number of
areas beforc the termination of Loran-A.

In addition, many users desire charts that
provide overlapping Loran-A and Loran-C
grids for transposing electronic positions;
these are not being produced for seme arecas.
Finally, the charts donot incorporate com-
plete Additional Secondary Phase Factor cor-
rections so that Loran-C charts will refleet



User Group

Commercial Fishing

Marine commercial sport-
fishing

Merchant marine

Tug and towboat industry

Offshore petroleum service
vessel industry

Marine recreation
Other Loran-A users

Total

Estimated Number of Laran-A Users
(Rounded to Nearest Hundred)

15,000
1,800

500
300

500
32,000
500

50,700

Table 1. Estimated Number of U.S. Civilian Marine Loran-A Users

fully the inherent accuracy of the system.

3. Systcem Reliability and Performance.
Along portions of the West Coast, the avail-
able signal is weaker than has been pre-
dicted. In some locations on the East Coast,
cycle-sclection problems exist. Some uscrs
of Loran-C make the wry observation: '"Loran-
C is great for tracking, but T have to use
Loran-A to tell my Loran-C receiver where
it is for initial setup."

4. Receivers. Many users do not know
what kind of Loran-C receiver is required to
produce the navigational results advertised
for Loran-C. Even though the Coast Guard
reccommends a fully automatic receiver, it
has not specified in detail the character-
isties of such a receiver. Many fully
automatic receivers are on the market, and
their performance varies widely. In addi-
tion, many other types of Loran-C receivers
are availahle, and their performance is
even more variable. The current Loran-C
receiver situation is complex and confusing.

5. Reconfiguration. East Coast recon-
figuration will improve coverage and signal
strength. Unfortunately, few users under-
stand the details and implications of re-
configuration. As currently planned, East
Coast reconfiguration will be extremely
disruptive: those uscrs wheo have switched
to Loran-C early and veoluntarily will be
penalized through their subjection to a
second conversion from existing Loran-C
coordinates to reconfigured Loran-C coor-
dinates. This second conversion will be
operationally far more difficult for the
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user than the original Loran-A to Loran-C
conversion. Furthermore, the present
reconfiguration schedule provides only one
year of overlapping Loran-A/Loran-C service
for the coastal area off North Carclina,
South Carolina, Georgia, and Flerida.

Individugl User Problems
1. Selection of proper Loran-C receiver.

2. Relatively high cest of Loran-C
receivers as compared to Loran-A receivers.

3. Correct installation of Leran-C
receiver,

4, Proper operation of Loran-C receiver.

5. Availability of competent repair and
maintenance service.

6. Timely availability of needed charts.

7. Uncertainty about tax and financial
treatment pertinent to Loran conversion.

8. Conversion of Loran-A coordinates to
Loran-C.

9. General and widespread misinformation
and lack of information on Loran-C charac-
teristics and capabilities, the reasons for
the switch from Loran-A to Loran-C, and the
content and timing of the schedule for im-
plementation of Loran-C and termination of
Loran-A.



The marine Loran-A user most severely
affected by the changeover is the private,
small business operator. He or she typi-
cally has less information, fewer technical
resources, and limited economic flexibility.
For this user, the Loran changeover must bo
viewed in the context of his or her busi-
ness's many dimensions: financial, espe-
cially insurance, taxes, loans, and general
business climate; government regulations:
engineering, marine equipment, and elec-
tronics; safety; and gencral operations.
These many factors are themselves complex,
and interact in complex ways. Government
intervention is increasing, and required
changes are frequent and far-reaching; exam-
ples include VHF/SSB radios, marine sani-
tation devices, increased fuel costs, dis-
posal of oily bilge wastes, moorage poli-
cies and rates, coastal zone management, and
Occupational Safety and Health Act regula-
tions. These changes are seemingly dispar-
ate, but their effect is cumulative. Each
is at least initially burdensome for marin-
ers and especially for the small business
operator. Conversion from Loran-A to Loran-
€ is onc of these many changes.

13



approach

The objectives of this study were to iden-
tify the problems for U.S. civilian mariners
associated with termination of Loran-A
service, to measure and evaluate the bene-
fits and costs of possible Coast Guard ac-
tions to lessen the adverse impact of ter-
mination, and to recommend (1) those Coast
Guard actions that would minimize the private
costs to Loran-A users of termination and
{2} thosc actions that would maximize the
net social benefits from the termination of
Loran-A and conversion to Loran-C. The
preblems involved with terminaticn and con-
version have been identified and described.
This section presents the conceptual ap-
proach used to measure and evaluate the
effects of alternative Coast Suard actions
to reduce the private costs and increase the
social benefits of Loran-A termination.

The approach derives from literaturc on
bencefit-cost and pelicy analysis, and
features:

(11 an economic model to predict the
hehavior of Loran manufacturers and existing
l.oran-A users under alternative Coast Guard
actions;

{2) a conventional benefit-cost frame-
work to measure and place a value on the
results of the predicted behavior; and

{3) a policy analysis that recognizes
the simplicity of the economic model, the
unquantifiable benefits and costs, the
equity consequences of alternative actions,
and the relevant constraints on the Coust
Guard.

This approach starts from the premise that
choice among possible Coast Guard actions
must ultimately be a matter of judgment,
which will require integration of the ob-
Jectively determined merits and subjectively
evaluated other cffects of each alternative
action. This premise is appropriate, since
the Coast Guard's decision to undertake
patticular actions must be made within the
framework of the political process.

15



PERSPECTIVE AND METHOD

One goal of government actions is to im-
prove the national well-being. In evalua-
ting a particular action--the prescntly
scheduled termination of Loran-A and con-
version to Loran-C, for cxample--the gov-
ernment must identify how the well-being
both of particular groups and the nation
will be improved, and determine whether
some better means exists for achicving the
same end. If other Coast Guard actions
appear superior to the presently scheduled
actions, the "best" among them deserves
careful consideration before implementation
of the currently planned actions. On the
other hand, if possible alternative actions
appear inferior, then the Coast Guard can
undertake its currently scheduled actions
with greuater confidence.

Therefore, the first step for cvaluating
the scheduled termination of Loran-A
service and conversion to Loran-C was to
review the areas of concern that prompted
this study. Thes¢ concerns include the
burdens of termination and the benefits
of conversion for existing U.S. lLoran-A
uscrs, as well as the higher costs involved
in larger scale Coast Guard actions to
lessen the burdens.

The second step invelved assessment of
the impact of alternative Coast Guard ac-
tions on the behavior of these groups that
benefit or are burdened by the termination
of Loran-A and conversion to Loran-C. An
economic model capable of estimating the
benefits and costs of pessible actions was
the vehicle chosen for accomplishing this
task.

The benefit-cost model developed for this
study links the private and public bene-
fits and costs of the Loran-A/Loran-C
conversion te Coast Guard budgets, actions,
and policies during the Loran-A/lLoran-C
overlap period. The levels, timing, and
regional distribution of benefits and costs
to existing Loran-A uscrs and the general

public {as taxpayers) depend on the following

factors:

(a) the relative superiority of Loran-C
over Loran-A for basic navigation, marine
opcrations, and safety;

{b) the prices and supplies of loran-C
receivers;

{¢) the length of the overlap period,
and

{d) other Coast Guard policies and
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actions, including those education, informa-
tion, and other programs that the Coast
Guard or some other public agency may under-
take.

The model estimated the benefits and
costs of alternative Coast Guard actions for
nine scenarios, each of which contains a
differcent prediction. Net private and so-
cial benefits are estimated for each alter-
native action in each scenario, by region
and for the nation. These cstimates are
expressed in 1977 prices and are discounted
to the present at an anpual rate of 10%,

In evaluating altcrnative Coast Guard
actions, incremental net private and social
benefits were found by subtracting the net
benefits estimated for currently scheduled
Coast Guard actions from the net benefits
estimated for cach alternative action, The
probability that each scenario will occur
is specified, and a probability-weighted
average of incremental net private and social
bencfits is calculated for each alternative
action. The incremental net benefit csti-
mates allow identification of actions that
would maximize (1) the net private benefits
and (2) the net social benefits of the con-
version from Loran-A to Loran-C. In addi-
tion, the estimates permit measurement and
comparison of the costs assocliated with
Coast Guard actions other than those that
miximize npet private and secial bhenefits.

The final step in the evaluation was a
policy analysis that seeks to overcome the
limitations of the benefit-cost analysis.
Although the benefit-cost analysis can indi-
cate the relative merits of alternative ac-
tions, the selection of a particular Ceast
Guard action or set of actions on the basis
of such an analysis alone would not neces-
sarily lead to optimum results from a social
viewpoint. Such a situation occurs because
models, though helpful, are simplistic, and
actions have intangible as well as tangible
benefits and costs. In addition, geographi-
cal, equity, and political consequences ex-
ist that cannot be incorporated into formal
benefit~cost calculations. Thus, as stated
in the introduction to this section, the
choice among alternative Coast Guard actions
ultimately must be a matter of judgment that
carefully considers the objective results
of benefit-cost analysis together with a

1Net private bencfits equal total private
benefits minus total private costs; net
sociul benefits cqual total private and
public benefits minus total private and
public costs.



subjective evaluaticen of the other
important effects of each action.

The evaluation of Coast Guard actions
offered in this report does not rely solely
on cstimated net private and social benefits,
Instead, the evaluation and the recommenda-
tions that follow from it are bused on an
integration of the objectively determined
{but nonetheless limited) benefit-cost
results with an explicit subjective evalua-
tion of the other important cffeets that
fall outside the scope of the henefit-cost
analysis.

STRUCTURE AND USE OF THE MODEL

The structure of the benefit-cost model
is displayed in Figure 1. The model
portrays the impact on private U.S5. Loran-A
uscrs of the termination of Loran-A scr-
vice through a set of causally-ordered sub-
models [hercafter referred to as modules).
The first module depicts the pricing behav-
ior of the Loran-C manufacturing industry.
The second module describes the demand for
and purchases of Loran-C rcceivers by
current Loran-A users. In this module,
annual purchases of Loran-C receivers de-
pend on (1) the length of the overlap per-
iod of Loran-A and Loran-C service and (2)
the Ievel eof knowledge among Loran-A users
concerning the capabilities of Loran-C
sets and Loran-C's scheduled implementation
during the next few years. Results from
the second module feed back to the first,
because the model postulates that the
retail price of Loran-C receivers will
decline as more units are manufactured.

The third module assesses the benefits
of Loran-C service to existing Loran-A
users who purchase and use Loran-C scts;
it also assesses the costs to Loran-A
users who do not purchasc Loran-C scts and
who, after termination of Loran-A service,
must then navigate by mcans other than
Loran., [Istimates of nct private benefits
are obtained by subtracting the costs
incurred by thosc who do not convert to
Loran-C from the net benefits received by
those who do. The fourth module assesses
the net social henefits of the termination
of lLoran-A by subtracting the costs of
Coast Guard activities during the termina-
tion period from the net private benefits
calculated with the third module.

The complete model is designed specifi-
cally to evaluate the impact on private U.§.
Loran-A users of alternative Coast Guard ac-
tions with respect to the termination of

Loran-A service and the conversion to
Loran-C. Since this study deals only with
the impact of Loran-A termination, the
medel includes only the benefits of the
lLoran-C system to Loran-A users, and it
cxcludes the costs of operating the Loran-C
system, which are independent of the
termination of Loran-A service, As a con-
sequence, the model has been constructed
only to estimate the benefits and costs
associated with alternative (oast Guard
actions to reduce the burdens of Loran-A
service termination, and cannot be used,
for instance, to cvaluate thc original
decision to terminate Loran-A and implement
lLoran-C,

The model consists of seven equations to
predict the behavior of Loran-A users and
11 identities to calculate the benefits and
costs of their actions. Fach cquation is
presented and discussed in detall in Ap-
pendix VIT. The data and parameter values
required by the model have been estimated
from the surveys of Loran-A users and Loran
receiver manufacturers reported respectively
in Appendices T and II, and from relevant
professional, technical, and trade publica-
tions. 'The criteria that guided the selec-
tion of data and paramcter values, as well
a5 the sensitivity tests conducted with the
model, are discussed below and in Appen-
dix VII.

The major steps invelved in using the
model to evaluate alternative Coast Guard
actions are summarized in Figure 2. Step T
specifies the parameter values and data
required for each module to generate its
outputs. Step II predicts the magnitudes
of policy-relevant variahles under different
Coast Guard actions. This step involved
running the full model in order to calcu-
late predicted values for the retail prices
of Loran-C receivers, annual rates of pur-
chasc, benefits, and other factors. Step
II1 estimates the incremental net private
and social benefits of altcrnative Coast
Guard peolicies and actions by subtracting
predicted net benefits under currently
scheduled action from the values of these
Lenefits predicted under each alternative
policy and action. These incremental net
henet'its provide an appropriate basis on
which to evaluate altcrnative Coast Cuard
policies and actions.

CREDIBILITY OQF 'THE RESULTS
The termination of Loran-A service is an

unusual, if not unprecedented, action by a
government agency. A systematic library

17
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search of relevant professional literature
uncovered no benefit-cost or policy analysis
of a comparable action by a public agency,
As a consequence, the model developed for
this study is unique, though the evaluation
conducted with the model is guite conven-
tional and relatively comprehensive.

The model as specified in Appendix VII
is more aggregated, less sophisticated,
and less complete than the one envisioned
when the study begun. It is more aggregated
and less sophisticated because the amount
and quality of data obtained from Loran-A
users and the Loran receiver manufacturing
industry proved to be more limited than an-
ticipated. In retrospect, it is neot sur-
prising that users and manufacturers found
it difficult, undesirable, or impossible to
respond quantitatively to questions concern-
ing their plans. The situation in which they
find themseives is new and unusual, and
it will affect them primarily in the future.
Hence, they often had not thought through
the full implications of termination, and
they simply could not answer questions
intended to provide the foundation for
building a disaggregated model with the
complexity and interrelatedness that was
originally contemplated.

Problems of aggregation and sophistica-
tion are often encountered in model con-
struction and use. The model builder typi-
cally prefers larger, more complex models
to small, simple cnes, and he or she secks
to compare the performance of a model
against its rivals. In the present instance,
therc was no rival model. However, verifi-
cation, validation, and sensitivity tests
were performed to determine the reasonable-
ness of the model's predictions, the sensi-
tivity of results to different specifica-
tions of parameter values, and the variation
in the rankings of alternative actions in
the nine scenarios. Predictions generally
conformed to our intuition. Substantial
but reasonable changes in parameter values
did not change the ranking of alternative
actions appreciably or unexpectedly, and
there was no unsystematic or unanticipated
reordering of the ranking among differcnt
actions from one scenario to another.
Overall, the test results revcaled that the
model is rather insensitive to the para-
meter changes considered.

The incompleteness of the model is docu-
mented in Appendices VI and VII, where we
establish that (1) the net private benefits
module omits the benefits of a Coast Guard
education and information program for
existing Loran-C users and (2) the net
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social benefits module omits the benefits
and costs to Coast CGuard search and rescue
activity of its termination-related actions.
The justification for each omission is
different, but the bias resulting from each
is described and taken into account in

the evaluation of the model's predictions.
This analysis permits the evaluation of
alternative Coast Guard actions bhelow to
acknowledge the model's incompleteness

by explicitly taking the biases into account,
In a piece of good luck, these biases in

fact strengthen rather than weaken the case
for the actions ranked highest by the model.
Thus, although the incompleteness of the
model is dissatisfying, it does not sericusly
impair the model's usefulness for its in-
tended purpose.



results

The burdens creuated by the currently
scheduled termination of Loran-A service
have led to proposals for Coast Guard
actions that would lessen the adverse im-
pact on U.8. civilian mariners of Loran-A
termination and Loran-C implementatiom.
Some proposals are feasible, others are
not. Some proposals inveolve significant
budget increases for the Coast Guard over
several years, others would have hardly any
effect on the budget. Some propesals arc
easily undertaken, others are impracticable.

Of course, the real question is not
simply feasibility or cost, but whether the
benefits of the proposed actions will be
large enough to justify the cests they will
entail.

In this part of the study, we prescnt
and discuss the results of a benefit-cost
analysis of alternative Coast Guard actions.
The first section indicates the sets of
alternative actions considered, while the
second presents the major results of the
benefit-cost analysis. The third section
discusses various features of the analysis.

ALTERNATIVE ACTIONS CONSIDERED

The benefit-cost model developed for this
study can evaluate some, but not all, Coast
Guard actions to less the burdens of Loran-A
termination. The merit of the mode! lies
in its ability to provide a systematic
evaluation of the major benefits and costs
associated with longer overlaps of Loran-A
and Loran-C service and an education and
information program consisting of elements
specified in Appendix V. However, this
benefit-cost analysis, like others, is ne-
cessarily narrow and limited because certain
dimensions of the complex termination-con-
version problem could net be quantified and
included in the model.

The specific benefits of a longer over-

lap to the present Loran-A user community
are as follows:

21



(1} Postponement of the date on which
the user purchases a Loran-C Teceiver or
incurs the costs of converting his existing
Loran-A receiver, which means that the
user reduces the present value of his or
her conversion costs and the increased
benefits, if any, to his or her marine
operations from navigating with Loran-C
instead of Loran-A.

{2} Postponement of the date on which
Loran-A users who do not intend to convert
must adopt a new method of navigation,
which means that these users can reduce
the present value of the costs they will
incur by not converting to Loran-C,

{3) If the prices of Loran-C receivers
decline over time, as expected, the present
Lorar.-A uscer who delays purchase of a Loran-
C receiver will benefit from the lower
price as well as from the "pure postponement
hencfit" identified in (1).

(4) TIndependent of a Coast Guard educa-
tion and information program, general knowl-
edge of the Loran-C system, its operaticnal
characteristics, and receiver capabilities
will increasc through time. Users who
convert in the future will therefore typi-
cally purchase types of Loran-{ receivers
better suited to their needs than the typi-
cal user who converts today.

Each of the above benefits is included
in the model, and their total value is
estimated by region and for the nation. Be-
cause therc was no reason to favor or
exclude arbitrarily particular overlap
schedules, none was initially excluded from
consideration in this study. Table 2 dis-
plays the 28 alternate Coast Guard actions
considered and indicates whether their
respective estimated incremental net social
benefits are positive or negative. Prelim-
inary computer runs of the model did esta-
blish, however, that overlap extensions for
the Aleutian and Gulf of Alaska chains,
as well as overlap extensions that differ
greatly from those circled in Table 2,
had large negative incremental net social
benefits, Benefit-cost estimates were not

2The Alaskan chains are costly to operate

and serve a small number of Loran-A users,
partly because a relatively high percentage
have already converted to Loran-C. Overlap
extensions for the East and Gulf Coasts have
negative incremental net social benefits be-
cause Loran-A users on these coasts have
three years from the present to convert un-
der the current termination schedule, and
additional time to convert generates very
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calculated in the final computer run for
these alternatives.

The benefits of an education and infor-
mation program for the existing Loran-A
user community are as follows:

(1) 1If acquainted with the potential
benefits and applications of Loran-C, users
will convert by purchasing Leran-C re-
ceivers closer to the present. Earlier
conversion means that users can reap the
benefits of Loran-C navigatien, if any, to
their operations or activities sooner.

{2) By informing Loran-A users, dealers,
and others of the characteristics and capa-
hilities of the Loran-C system and of the
different types of receivers, users will
purchase and operate Treceivers more appro-
priately suited to their particular opcra-
tions. Benefits received will he more con-
sistent with user expectations.

Each of these benefits is measured in the
model, and their total value is estimated
by region and for the nation. These
benefits, of course, denot encompass the
full range of positive effects that could
conceivably come from a comprehensive and
well-executed education and information pro-
gram. Most other benefits, however,
appear to be directly related to the bhene-
fits that have been explicitly measured.
Therefore, the benefits of the education/
information program are slightly underestima-
ted in the present benefit-cost analysis.

The set of alternative Coast Guard
actions considered in this study is pre-
sented in Table 2. As previously indicated,
analysis of these alternatives indicated at
an early stage that actions differing greatly
from those circled in Table 2, as well as
overlap extensions for the Alaskan chains,
had large negative incremental net social
benefits, and these actions were not in-
cluded in the final computer run,

MAJOR BENEFIT-COST RESULTS

Table 2 displays the 28 action alterna-
tives that were considered and indicates
whether their respective incremental net
social benefits are positive or negative.
Two actions have positive incremental net
social benefits, while the other 26 generate
negative returns to the nation as a whole.

much smaller benefits than on the West Coast,
which is scheduled to have only two years to
cenvert,
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The circles indicate the action with the
largest positive incremental net social
hencfit, or the least negative as the case
mzy be, for each row. An education and
information program alonc, or in combination
with a onc-year overlap extension on the
West Coast (without Alaska), are the best
actions from a social viewpoint for the
Coast Guard to undertake.

Table 3 reports the estimated benefits
and costs for the six Coast Guard actions
that produce the largest incremental net
social benefits among those actions consi-
dered in this study. Columns (1) through
(3) in Tahle 3 characterize the features
of the six actions, columns (4) through (6)
present the probability-weighted average
benefits and costs for each set of actions,
and column {7} gives the benefit-cost ratio
for each action,

ratio of at least 1.5, and generates net
private bencfits of about $650,000 and

net social henefits exceeding $200,000.
Howcver, if the cducation/information pro-
gram 15 combined with a one-year extension
of Loran-A service on the West Coast, the
nct private benefits to present U.5. Loran-A
users are estimated to increase to $1.5
million, and net sccial benefits are esti-
mated to increase to $285,000. The benefit-
cost ratio for this latter action is 1.24

in contrast to the ratio of 1.5 for the
former action. If one valucs a dollar gained
or lost by Loran-A uscrs and by taxpayers
cqually, then the action that gemnerates the
larger net social benefits is the hetter
action for the Coast Guard to undertake.

5

e

Extensions in the currently
scheduled overlap of Loran-A and Loran-C
service are predicted to reduce the burdens

Coast Guard Action Incremental Benefits and Costs
Alternatives (present values in thousands of 1977 dollars)
Overlap
Extention
West tast Education- Net Coast Net Benefit-
Coast & Gulf Information Private Guard Social Cost
less AK Coasts Program Benefits Costs Benefits Ratio
{p, V) ' (4) - (5) (4) = {5)
(1) (2) (3) (4) (5) (6) (7)
1 0 0 234 811 - k37 0.29
0 0 Vv 649 434 215 1.50
1 0 Vv 1,530 1,245 285 1.24
2 1 0 1,745 3,675 -1,930 0.47
Y 1 v 1,882 4,109 -2,227 0.46
3 2 v 2,101 6,713 -4,612 0.31
Table 3. Estimated Incremental Benefits and Costs for Six (6) Coast fuard

Action Alternatives (benefits and costs discounted at 10% and
expressed in thousands of 1977 dollars)

The benefit and cost information in Table
3 establishes the basis for the following
two findings:

1. Most importantly, there are two
actions that would reduce the burdens of
termination and conversion on existing
Loran-A users by amounts greater than the
cost of the actions to the Coast Guard, and
hence ultimately to tuxpayers. A four-year
education/information program of the type
outlined in Appendix V has a bencfit-cost

24

of conversion cn existing lLoran-A users,
Table 3 shows that successively longer over-
lap extensions (with or without an education/
information program) generatc increasces in
net private benefits, but at a diminishing
rate. Although this is not surprising,

one must recognize that the increase in
costs of longer overlaps to the Coast

Guard excceds the increase in private hene-
fits for cvery overlap extension except

the onc-year West Coast extension in com-
bination with the cducation/information



program. As a consequence, only if addi-
tional benefits to Loran-A users are valued
much more highly than the additional costs
to taxpayers should the Coast Guard extend
Loran-A service, except for one year on the
West Coast.

DISCUSSICN OF BENEFIT-COST RESULTS

Because the future is uncertain, the
figures in Table 3 are weighted averages
of the benefits and costs estimated for
each Coast Guard action in nine different
scenarios, where the weights are subjective
estimates of the probabilities that each
scenario will occur. By evaluating an
action on the basis of a weighted average
of conceivablc events, rather than on the
basis of the single most likely cvent,
the evaluation will include, in a systema-
tic and conventional way, the impact of
possible but less likely events on the net
benefits of the action. To illustrate this
procedure, as well a#s to reveal the ranges
of conceivable outcomes for the two sets of
actiens in Table 3 with the highest net
social benefits, the incremental net social
benefits for those uctions under the nine
scenarios are presented in Table 4 with
the probabilitics assigned to cach scenario,
{The probabilities are given in the paren-
theses below the estimates of incremental
net social benefits.)

A relatively high probability is assigned
to the high estimate for the decline in
Loran-C receiver prices, and a relatively
low probability is given to the high
estimate of the number of Loran-A users,

The particular probabilities assigned to
each scenario dimension arc as follows:

Decline in Number of
Loran-C Prices Loran-A Users
Low 0.1 0.4
Median 0.3 0.5
High 0.6 C.1

Taken together, these probabilities weight
the lowest estimates in Table 4 most highly,
and thereby generate what we regard to be
conservative estimates of the expected net
benefits of Coast Guard actions?

3Although the probabilities are subjec-
tive, they do reflect the information ocb-
tained from a survey of the Loran manufac-
turing industry, In addition, a sensiti-
vity analysis has been conducted for the
scenario dimension with greatest uncertain-
ty - the decline in lLoran-C receiver prices,
The analysis showed that alternative ac-

When the estimates in Table 4 are inter-
preted broadly, they provide support for
the following generalizations. The smaller
the actual decline in Loran-C receiver
prices and the larger the number of Loran-A
users burdened by termination and conversion,
the greater are the incremental net social
bencfits to be realized from the actions
evaluated in Table 4. Conversely, the
greater the decline in Loran-C receiver
prices and the smaller the number of Loran-A
users, the smaller are the incremental net
social benefits. What happens in fact is
that a larger decline in Loran-C receiver
prices produces much the same result as the
education/information program. Furthermore,
hecause the social benefits of the one-year
West Coast overlap extension combined with
the education/information program are
positive under cvery scenario, this action
can be rcalistically termed '"fail-safe" for
the Coast Guard to undertake.

The benefits of Coast Guard actions, of
course, derive from their impact on the de-
cisions of present Loran-A users to convert
to Loran-C. To show the probable impact of
Coast Guard actions, Table 5 reports this
study's predictions of the year of conver-
sion, by region and by type of Loran-C re-
ceiver purchased, for the currently sched-
uled Ceast Guard actions and the two alter-
native actions with the highest incremental
net social benefits. The predictions are
for the scenario that is assigned the high-
est probability of occurrence and, there-
fore, is weighted most heavily in the bene-
fit-cost estimates. This scenario predicts
that the price of the typical fully automa-
tic Loran-C receiver will decline from
$3,700 in 1977-78 to $2,250 in 1978-79 and
$1,500 in 1979-80. The price of the typical
manual receiver, by contrast, is predicted
to decline from $1,100 in 1977-78 just to
3875 in 1978-79 and $700 in 1979-80. Al-
though these pricc declines are greater than
those predicted in other scenarios, differ-
ences in the predictions in Table 5 of the
number of Loran-A users converting to Loran-
C are qualitatively representative of the
differences found in other scenarios for
the same actions,

Under currently scheduled Coast Guard
actions, the model predicts that 2,467
Loran-A users on the West Coast including

tions in Table 3 would change their rank-
ing only if a probability of less than 0.50
was assigned to the high estimate for the
decline in Loran-C recelver prices. A pro-
bability set this low, however, would be
inconsistent with predictions made by
Loran-C receiver manufacturers.
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Probability
Weighted
Estimated Incremental
Coast Guard Action Decline in Estimated Number of Loran-A Users Net Social
Alternatives Loran-C Prices Low Median High Benefits
(1} (2) (3) (4) (5} (6)
Education/Infor-
mation Program Only Low 1,205 1,386 1,569
(0.04) {0.05) (0.01)
Median 400 446 478 215
(0.12) (0.15) (0.03)
High -83 -77 =74
(¢.24) (0.30) {0.06)
One Year Extension Low £l6 881 1,193
on West Coast and (0.04) (0.05) {0.01)
Education/Informa-
tion Program Median 298 471 661 285
(0.12) (0.15) (0.03)
High 27 178 306
(0.24) (0.30) (0.06)
- 3 —
Note: Probability weighted incremental net social benefits = I PilNSBi
i=1

Table 4. Estimated Incremental Net Social Benefits in Nine Sceparios for Education/
Information Pragram Only and Combined with CGne-Year Extension on West

Coast less Alaska, and Probabilities

Assigned to Cach Scenario {incremental

net social benefits discounted to present at 10 % and expressed in thousands

of 1877 dollars; probabilities given

Alaska, or 26% of the western user community
that must purchase a new Loran-C receiver
to convert, will not have done so by the
termination of Loran-A service on 1 July
1979, If the Cpast Guard undertook an
education and information program, the
number of Loran-A users who have not con-
verted at termination is predicted to
decline to 1,487, or 15% of the western
users who need new receivers to navigate
with Loran-C. The model predicts that the
education finformation program will inducc
Loran-A users throughout the nation to
convert to Loran-C sooner and to purchasec

a somewhat greater number of fully
automatic receivers than they would under
currently scheduled actions. However, be-
cause an education /finformation program takes
time to initiate and become truly effective,
it will probably not have a particularly
large impact on the type of receiver pur-
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in parentheses)

chased if the overlap period remains as
scheduled. Instead, the program's major
cffect will be to advance the time of con-
version.

The predicticns, however, change con-
siderably for the West though not as much
for the East if the education/information
program is combined with a one-year over-
lap extension on the West Coast alane,
without Alaska. The tate of conversion
should he somcwhat slower but conversion
will be entirely completed by termination
(Table 5). In addition, the model predicts
that the overlap extension will allow
western Loran-A users to benefit from the
decline in fully automatic recciver prices
in the same way that eastern users will.
The number of conversions to fully automatic
receivers is predicted to increase in the
west by 576, or almost 9%,
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Finally, let us answer the traditional
questions asked about the results of any
benefit-cost analysis:

(1) How sensitive are the results to
changes in the discount rate? Answer: The
results are not scnsitive to discount rate
changes, because the henefits and costs
associated with every action accrue within
five ycars of the present. Therefore,
sensitivity studies with rates of 5, 7.5,
and 10 percent revealed that discounting
with higher or lower rates of interest
over such a short period of time had no
effect on the ranking of alternative actions.
As expected, of course, the level of incre-
mental net social benefits did vary inversely
with the rate of discount for actions with
positive net social benefits, but varied
directly with the rate of discount for
actions with negative net social benefits.

(2) How sensitive are the results to
changes in parameter values? Answer: The
estimated levels of incremental net social
benefits for each action, although not the
ranking among the altcrnative actions, are
sensitive to changes in the parameter
values selected. Appendix VIl presents
arguments supporting the view that the
parameter values chosen for the demand
functions and representing the effectiveness
of an cducation/information program are
conservative and bias the estimated levels
of net social benefits downward--more
so for overlap extension than for the
education information program. As a
consequence, the "true" levels of private,
and hence social, benefits for overlap
extensions are probably higher than shown
in Table 3, but not sufficiently high to
make the incremental nct social benefits
of twe- and three-year overlap extensions
positive, (The sensitivity of the results
to changes in the other parameter values
have been discussed above, or were found to
introduce a small downward bias without
changing the rankings of alternative
actions.,)

(3) How do benefits and costs omitted
from the analysis bias the rankings among
the alternatives evaluated? Answer:

(a) The omission of the benefits of the
education/information program to existing
owners of convertible Lorun-A, Loran-A/C
combination, and Loran-C receivers intro-
duces a downward bias in the predicted
level of incremental net social benefits
for every action involving education and
information activities; (b) the omission
of termination-related benefits to the
Coast Guard search-and-rescue mission
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biases the incremental net social benefits
downward for short overlap extensioms.
(Appendices VI and VII provide the analysis
to support these judgments.) As a conse-
gquence, when one takes account of the biases
of omission, the superiority of the actions
in Table 3 with highest incremental net
social benefits is increased rather than
diminished.



recommendations

The recommendations of this study derive
both from the results of the benefit-cost
analysis as well as from analysis of issues
outside the scope of the model. Fight
recommendations are offered; all carry our
strong endorsement. The Tirst two cemerge
directly from the benefit-cost analysis, the
next two are closely related, and the last
four arc subjective. The order of their
presentation does not imply ranking.

Recommendation 1. Conduct the Loran-C
Education Program specified in Appendiz V.

Discussion: The desirable results and
cost effectiveness of an education and
information program are amply demonstrated
by the benefit-cost analysis., A few com-
ments on some clements of the program are
warranted:

a. Receivers: The project investigators
recognize that minimum performance standards
for Loran-C receivers are being developed
at present., We applaud this cffort and
urge carliest possible publication of the
standards. In addition, a receiver testing
program should be considered, with results
made public.

b. Tax treatment: The investigators
carefully considered whether special tax
treatment was appropriate, and concluded
that it was nmot. Nonethcless, we strongly
recommend that the provisions of available
tax and loan treatments be examined, that
their Loran-C applications be determined,
and that this information receive wide
publication,

c. Coordinate conversion: Conversion of
coordinatcs is ultimately the responsibility
of the individual user, but calculator con-
version software and Loran-A/C overlap
charts would be most helpful.

d. Notification of prospective Loran
receiver purchasers: Every purchaser of a
Loran-A or Loran-C receiver should be
awarc of the schedule for implementation
of Loran-C and for termination of Loran-A.
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A system of notification is feasible and
could be worked out with manufacturers,
distributors, and dealers. Stickers,
brochures, and posters could assist in this
cffort.

Recommendation 2. Extend Lorun-4 service for
Washington, Oregon, and California to 1980,
one year beyond the presently scheduled
termination date.

Discussion: This limited extension in con-
junction with the education program, is also
supported by the benefit-cost analysis. Al-
though the resultant benefit-cost retic is not
as high as for the education program alone,
net private benefits are much higher, net so-
cial benefits are higher, and net social ben-
efits are positive under all nine scenarios.
Extensions elsewhere and for longer periods
would generate even larger net private bene-
fits, but the increase in taxpayer costs would
greatly exceed the increase in private bene-
fits. (The investigators acknowledge that an
acceptable, although less preferable, course
of action would be to implement the education
program but not to extend Loran-A service on
the West Coast.)

Recommendation 3. Develop a coordinated
Loran plan with Canada.

Discussion: Failure to develop a coor-
dinated plan will probably result in a
longer overlap period for some U.5. Loran-A
users (se¢ Appendix IV for a discussion).
The consequences will be some users!
slower rate of conversion to Loran-C, re-
duction of private and social benefits,
and inequitahble treatment of users.

Recommendation 4. Do not reconfigure the
East Coast as currently planned.

Discussion: If the planned reconfigura-
tion is carried out, it will penalize thase
Loran users who have switched te Loran-C
early and voluntarily. Successful Loran-C
expericence for thesc users can contribute
significantly to a smooth transition, but
negative experience, as would be caused by
the currently planned reconfiguration, will
be uvnusually damaging.

The existing reconfiguration plan re-
quires a sccond coordinate conversion of
great operational difficulty. Not a single
station-pair existing today would be re-
tained under the new coverage. The change
from Loran-A to Loran-C is complicated
cnough; to superimposc a second change of
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the magnitude planned complicates the
situation even further, and is unnecessary.

Though reconfiguration of some kind is
tequited, fundamental to a smooth reconfig-
uration is that the two most widely used
station-pairs--Carolina Beach-Jupiter and
Carolina Beach-Nantucket--be retained. Wc
therefore urge consideration of an alternate
reconfiguration plan, such as the following:
U.S. Fast Coast Chain: Master--Carclina
Beach
Secondaries--Malone, Jupiter, Sencca,

Nantucket

U.S. Southeast Chain: Master--Malonc
Secondaries: Raymondville, Grangeville,
Jupiter, Carolina Beach

U.5. Northeast Chain: Master--Caribou
Secondaries--Nantucket, Cape Race

U,S5. Grecat Lakes Chain: Master--Dana
Secondaries--Minnesota, Seneca, Grange-
vilie

The reconfiguration plan outlined above
would he less disruptive operationally,
would provide nearly the same coverage, and
would tie in effectively with Loran-C
transmitting stations that Canada may con-
struct on the East Coast. By contrast,
if the currently proposed reconfiguration
is implemented, an additional year of Loran-A
service will probably be required for the
full East Coast. In any cvent, an additiocnal
vear of service is mandatory for the coastal
arca off Nerth Carolina, South Carclina,
Georgia, and Florida, where only one year
of overlupping service is planned at present,
in direct contradiction to the minimum two-
year overlap guaranteed by the Annex to the
National Plan for Navigation.

Recommendation %. Terminate Loran-4 sar-
vice at a time of year when marine operations
are at a minimam.

Discussion: Loran-A service should be
terminated when marine activity is at a
low level, rather than in the middle of an
operating season. In most areas, I July, the
presently planned termination date, falls in
mid-season. Since much marine activity is
seasonal, the practical effect of revised
termination dates is to grant the remainder
of an extra year of service to Loran-A
users. Preferable termination dates arc:

Aleutians 1 August



Gulf of Alaska 1 November

West Coast 1 November

Gulf of Mexico 1 March

East Coast 1l February

RECOMMENDATION 6. Ensure that nautical
charts [fully support Loran-C service.

Discussion: Chart production does not
at present support provision of full
Loran-C service. Three cabinet-level de-
partments--Transportation, Defense, and
Commerce--are involved, and special atten-
tion to coordination is required. Cur-
rent problems include an inadequate
number of large-scale charts; failure to
include bays, sounds, and harbors;
security classification of the Additional
Secondary Phase Factor routine; and some
lack of coverage on Loran-A/C overlap
charts.

RECOMMENDATION 7. Pubiish Loran-C system
spect fications.

Discussion: Even though the technical
aspects of system specifications fall
outside the scope of the present study,
the topic still deserves attention.
Specification of the signal will ensure
that receiver designs can stabilize and
guarantee a full lifetime without the
uncertainty of changes. Related topics
include clearing the 90-110 kHz and
closely adjacent frequency spectrunm of
radio interference and establishing a
common format for communication using the
Loran-C signal.

RECOMMENDATION 8. Ensure two years of
overiapping and fully operational Loran
service in all locations.

Discussion: Implementation of Loran-C
service can scrve the U.S. marine navigator
well., The Coast Guard, however, shouid not
rush Loran-C chains into service. That
Loran-C is a technically superior system
to Leran-A has been widely advertised, and
should be fact. However, carly experience
with Loran-C service on the West Coast is
not auspicious. If the Loran-C signal is
weak, if interfering signals are disabling,
1f charts arc inaccurate, then the system
should not be declared operational. A
new ship undergoes sea trials and shake-
down cruises before being placed in full

service, perhaps implementation of Loran-C
service should be handled in the same way.
In any event, this study has heen predicated
on two years of overlapping Loran service
as the dnnex to the National Plan for
Navigation guarantees. (At a minimum,

two full operating seasons of overlapping
service are needed to allow a smooth
trensition.) During these two years,
Loran-C must be fully operational and the
full quality of Loran-A service must he
maintained.

In examining government-provided services,
we sce a delicate line between government
assistance and government intervention. To
date, the Coast Guard has not been active
enough in cnsuring a smooth transition,

We advocate, however, not more government
regulation and intervention, but instead
more government assistance and encouragement
of voluntary efforts. For example, receiver
standards, and possibly receiver testing

arc needed, but government certification

of teceivers is not necessary. As another
example, it would be desirable for a large
number of mariners to use Loran-C: making
Lotan-C mandatory for various classes of
vessels could hring this about. Another,
and perhaps preferable, way is to work with
marine insurance companies to develop lower
rates for mariners with Loran-C, since it can
measurably improve the safety of their
operations.

Finally, the Ceast Guard has been
conscientious and competent in providing
radionavigation aids of various kinds to
1.5, marine users. Cecrtainly this pro-
fessional approach extends to Loran-C,

Any fault has been the inordinate amount
of attention given to putting the signal

on the air and the inadequate attention
paid to the total system, especially to the
user and his or her problems. The mariner
needs to know what Loran-C 1s, what it can
do for him, and how to use it. He or

she needs charts, and must convert Loran-A
veadings to Loran-C. Without such assis-
tance, the transition will be more difficult
costly, and unpopular than it should be.
With Coast Guard assistance, however, the
transition to Loran-C can be relatively
smooth and constructive, and the Loran-C
system will come to serve the U.S5. mariner
well.
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appendix |

summary of major
Loran user group

surveys

Section Title

I-A Commercial Fishing

I-B Marine Commercial Sport-
fishing Industry

1-C Merchant Marine

I1-D Tug and Towboat Industry

I-E Offshore Petroleum Service
Industry

I-F Marine Recreation

1-G Other Loran-A Users

I-H Loran-C Users

GENERAL DTSCUSSION

From the outset of this project, we
realized that information on U.5. civilian
users of Loran-A was essential to perform
the benefit-cost analysis and to evaluate
the public policy aspects of the Loran
transition. However, this kind of informa-
tion does not cxist.

Therefore, a major task of the project
was collecting data on users, their char-
acteristics, their location, Loran-A's
economic and safety value for their marine
operations, their plans with respect to
Loran-C, and the problems and necds they
confront with the navigational change.
formation on Loran-A users was difficult
to compile. Three factors in particular
contributed to this: (1) Loran sets are
not licensed, (2) a wide assortment of
U.5., foreign, and World War II surplus
sets are in use, and (3} the life ex-
pectancy of Loran rececivers varies greatly.

In-

results of
Were comn-
The first

This appendix presents the
the various user surveys that
ducted as part of the project.
six sections summarize survey results for
the major Loran-A user groups. Section G
acknowledges other users of Loran-A, and
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Section H presents a brief summary of users
of fully automatic Loran-C receivers.

Table I-1 shows the major Loran-A user
groups and our best estimate of the number
of users in each group. The community of
Loran-A users is large, diversified in
marine activities, generally satisfied with
quality of service, and has been growing
steadily in recent years,

receivers. Exhibit I-2 presents the recrea-
tienal boating questionnaire.

The investigators recopnized the hazard
of double-counting and did their best to
avoid it. That is, an oceangoing tug may
4lso operate in the offshore petroleum
service industry, a recreational vessel may
charter or fish commercially on occasien,
and a commercial fishing hoat may partici-

User group

Estimated number of Loran-A users
(rounded to nearest hundred)

Commercial Fishing

Marine commercial sportfishing
Merchant marine

Tug and towboat industry

Offshore petroleum service
vessel industry

Marine recreation
Other Loran-A users

Total

18,000
1,800
500
300
600

32,000
500
50,700

Table I-1. Estimated Number of U.S. Civilian Marine Loran Users.

Different sampling techniques were
selceted to collect data from the major
groups according to composition, size, and
accessibility of the group. For commercial
fishing, field interviewswith knowledgeable
industry members and observers provided the
basic data. For marine commercial sport-
fishing, a telephone questionnaire was used
(for a sample of the questionnaire, seec the
Appendix of Oregon State University Sea
Grant College Program Report, Survey of
Cormereial Sportfishing in the Coastal
United States (5)). The merchant marine,
tug and towboat, and offshore petroleum
service vessel industries were sampled with
4 mailed questionnaire followed by tele-
phone interviews with a random sample of
nonrespondents. Exhibit I-1 presents the
merchant shipping questionnaire to show the
sampling instrument used with these three
user groups. Indirect sources provided some
data on marine recreation, but most data
were collected by a mailed questionnaire

soent to a sample of recreational beaters
who were known to have purchased Loran-A
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pate in several different fisheries in dif-
ferent geographic regions in the course of
a4 year. To the best of our abilities,

we assigned a Loran-A user to that group
which represented his or her major marine
activity, for a single counting,

APPENDIX 1-A
COMMERCIAL FISHING

About ome-fifth of the world's marine
fisheries resources are found in waters
within 200 nm of the U.S. coast. The U.S.
commercial fishing industry consists
largely of small businesses spread among
the coastal states. An estimated 80% of
the fishing craft in the United States are
individually-or family-owned; £83% displace
under five net tons (25).

The U.S. commercial fishing industry
pursues many different species in many dif-
ferent geographic regions. Great variety
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exists among fishing vessels, fishing gear,
fishing techniques, and navigational
needs and equipment.

This portion of Appendix I presents the
results of a survey of the U.S. commercial
fishing industry made to determine vessel
characteristics, use of Loran, and plans
for the Loran-A to Loran-C transition. The
first section discusses the survey's
methodology; the second describes the
characteristics of the commercial fishing
industry and its vessels; the third dis-

cusses the use of Loran by commercial fishing

craft; and the fourth describes Loran-C
transition plans and expectations of Loran-
A users. The final section presents the
problems Loran-A users expect during the
transition and the forms of assistance they
prefer.

METHODOLOGY

The U.S. commercial fishing industry is
notoriously difficult to survey. No
comprehensive list of fishing craft exists
from which a random sample can be drawn.

In the past, mailed questionnaires and
telephene surveys have received a discour-
agingly low response rate. A statistically
rigorous, personal interview, sampling
technique would have been.extremely diffi-
cult and expensive, would have required too
much time, and, as well, might have been
less than fuily successful.

Therefore, the following approach was
used. Indirect sources, including govern-
ment publications, Sea Grant technical
reports, and unpublished manuscripts,
provided some background data. Most of
the data, however, were collected through a
system of carefully selected interviews.
The network of Sca Grant institutions
and its strong ties with industry were used
to identify both key fishermen and industry
representatives and observers. Almost all
of the data on the commercial fishing
industry were collected through resultant
personal interviews that were conducted in
fishing ports around the United States.

Project investigators visited each of the
22 coastal states at least once, spending
75 days in the field conducting interviews,
In addition to interviewing over 500 fish-
ermen, we conducted supplementary interviews
with well over 100 Sea Grant marine advisory
agents, marine electronics dealers, seafood
processors, boat huilders, boat repair
firms, and port officials in order to col-
lect supporting data.

The methodelogy was subjective, was
definitely not random, and alsc resulted
in collected data of a quantity and quality
not previously assembled. Essential to the
process were Sea Grant professional per-
sonnel, whe individually possessed great
knowledge of the fishing industry in their
respective areas, and who identified repre-
sentative and reliable spokesmen. In
addition, the Sea Gran: personnel enjoyed
the confidence ef the industry, to the
extent that arrangements and introductioms
hy them were sufficient to allow productive
interviews to take place.

CHARACTERISTICS OF COMMERCIAL FISHING CRAFT
AND OF THE COMMERCTAL FISHING INDUSTRY

The U.8. commercial fishing industry
consists of 149,000 fishermen and 90,000
fishing craft. Of the fishing craft 15,400
are vessels displacing five net tons or
more and 74,600 are boats of less than five
net tons (25). Many fishing craft in both
categories operate im bays, sounds, re-
stricted waters, or close to shore.

Fishing vessels (of five net tons or
more) tend to be small by oceangoing stan-
dards. In 1973, cver three-quarters were
less than 60 feet in length, although a
high percentage of vessels constructed
since then are larger. Tahkle I-A-1 presents
the distribution in length of U.S., fishing
vessels of five net tons or more. The
sizes of boats displacing less than five
net tons run even smaller. 1In spite of
their size, many of these smaller boats
are full-time commercial oceangoing
operating units.

Vessels of the U.S. commercial fishing
fleet also tend to be old {table I-A-2
presents the age distribution of U.S. fish-
ing vessels of five net tons or more).
Three-fifths of the fleet was built before
1960; the oldest vessel was built in 1849,
The statistics from which this table were
compiled are for the year 1973, the most
recent year for which a detailed breakdown
is available. Since 1973, a relatively
large number of new vessels have been built,
and some of the older vessels have been re-
tired. The 1977 age distribution of fishing
vessels will thus be somewhat different
from that presented in Table I-A-2. The
general age situation for the U.S5. commer-
cial fishing fleet, however, is accurately
depicted: the fleet is old,

Government statistics both at the federal
and state levels were cxamined for possible
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Length {feat)

Number of Vessels

Percent of Vessels

(%)

20-39 6929
40-59 5163
60-79 2755
80-99 228
100-149 i78
150-199 107
200 and over 7
TOTAL 15367

45.1
33.6
17.8
1.5
1.2
.7
.05
100.35

Source: National Marine Fisheries Service, Fishery Statistics

of the United States 1973 (25).

Table I-A-1. Length Distribution of U.S. Fishing Vessels {5

net tons or more)

further use in the present study, but they
were incomplete, duplicative, and incon-
sistent. Some fishing vessels over five
net tons are undocumented and therefore

do not appear in Fighery Statistics of

the United States or Merchant Vessels of
the United States (25,27). The criteria
and systems for state registration of
boats vary. In most cases, it i1s impos-
sible to determine the primary marine use
of a given beat. Different states collect
and summarize fisheries statistics by

very different methods: some states
license fishermen, some states license
boats, some fisheries requirc licenses for
fisherman and/or beoats, and some do not.
As a final complication, many fishermen
and boats are licensed in more than one
stite,

Fishing gear and tcchniques also vary
widely. The most common methods used by
U.5. marine commercial fishing craft arc
trawling, trolling, drift gillnetting,
purse seining, pots, dredging, long-
lining, and hand lines. The species of
fish or shellfish being harvested deter-
mincs the gear, fishing techniques, and
navigational nceds.

Because of this variation among fish-
eries and methods, generatizations on
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Year built  Number of  Percent of
Yessels Vessels (%)
Before 1900 28 .2
1900-1919 558 3.6
1920-1939 2054 13.4
1940-1959 6433 41.%
1960-1973 6080 39.6
tnknown 213 1.4
TOTAL 15367 100.1

Source: National Marine Fisheries
Service. Fishery Statistics
of the United States 1973
(25).

Table [-A-2, Age Distribution of U.S.
Fishing Vessels {5 net
tons or more)




navigational equipment are difficult to
make. Therefore, Table I-A-3 presents
average ranges of occurrence for naviga-
tional equipment within the total U.S.
marine commercial fishing indostry. More
specific navigational usage rates can only
be given in reference to a given fishery
in a given area, and may differ widely
from the average ranges presented. None-
theiess, the most common types of electronic
navigational eguipment for U.8. marine
commercial fishing craft in all fisheries
are fathometers, radars, and Loran-A
receivers. Radio direction finders and
Loran-C receivers are relatively less
common. Very few fishing craft carry
Omega, Decca, or satellite navigation
systems,

Type of Navigation Percent of
Equipment Fishing Craft
{Estimated

Range) (%)

Radio direction

finder 20-35
Fathometer 80-95
Radar 30-45
Omaga <1
Decca <1

Satellite navigation

system < 1
Loran-A 25-40
Loran-C 5-15

Table I-A-3. Navigation Equipment
Carried by U.S. Marine
Commercial Fishing Craft

The vast majority of U.5, fishing craft
are owned and operated by individuals or
families. Relatively few large companics
own and operate fishing craft, Perhaps
20% of the fleet is owned by small enter-
prises, which typically comprise an
individual or family active in commercial
fishing, a seafood processor, or another
small company, and rarely own and operate
morc than ten fishing craft.

Most U.S. commercial fishermen are full-
time, inthe sense that their primary source

of income derives from commercial fishing,
but many of the operations arc also marginal
economically. Many boats operate in one
fishery only; others are combination boats
that pursuc more than one fishery in the
course of a yecar, Many boats fish region-
ully, without going far from their home
ports; many boats are also highly mobile,
making long trips and moving from region to
Tegion as a normal part of their operations.
A small but significant number of boats that
sometimes fish commercially are basically
recreational or commercial sportfishing
boats.

USE OF LORAN BY COMMERCIAL FISHING CRAFT

About 15,000 U.S5, marine commercial
fishing craft have Loran capability. Table
I-A-4 shows the regional distribution of
thesc users. One-fifth have both Loran-A
and Loran-C capability {Table I1-A-5).
Virtually all users of Loran-C also have
Loran-A,

Nymber of Percent of
Craft Vessels(%)
(Estimate)
Alaska 1260 7.8
West Coast 6000 39.0
Gulf Coast 3500 22.7
tast Coast 4700 30.5
TOTAL 15,400 100.0

Table I-A-4. Regional Breakdown of
Loran Users Among Loran-
Equipped Commercial
Fishing Craft

The manual set is the most common type
of Loran-A recciver (Table I-A-6). The
next most common type is the manual-acqui-
sition, automatic-tracking, Loran-A re-
ceiver. About one-third of these two types
of sets arc convertible to Loran-C.

The majority of Loran-C sets in use arc
A/C combination sects (Table I-A-7). Of
the manual Leran-C sets and visual-acquisi-
tion, automatic-tracking, Loran-C sets, about
half were purchased as Loran-C sets and half
were converted from Loran-A,
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Number of  Percent of
Craft Vessels (%)
(Estimate)
Loran-A Only 11,800 76.6
Both Loran-A
and Loran-C 3,200 20.8
Loran-C Only 400 2.6
TOTAL 15,400 100.0

Table I-A-5. Breakdown of Laran-A
and Loran-C Use Among
Loran-Equipped Commer-
c¢ial Fishing Craft

The rate of Loran usage and types of
sets used vary widely by fishery. Some
fisheries have used Loran since its first
commercial availability, and essentially
every beat in the fishery has Loran. For
instance, every boat in the Alaska king
crab fishery operating out of Kodiak and
Dutch Harbor uses Loran, and at least two-
thirds of them use fully automatic Loran-C
receivers, Almost all vessels in the surf
clam industry on the East Coast use fully
automatic Loran-C receivers. Similarly,
almost all Gulf of Mexico shrimp boats
(""Gulf shrimpers" as contrasted with "bay
shrimpers") are equipped with Loran-A.

Other fisheries have only recently begun
to use Loran, and at the present time an
intermediate, but steadily growing, number
of boats use Loran. For instance, about
half of the salmon trollers on the West
Coast use Loran-A, and the annual rate of
adoption in recent years has been at the
level of 5-10%. Similarly, Loran-A usage
in the New England lobster fleet is a
relatively recent event, One-quarter to
one-third of the inshore lobster vessels
(in contrast to skiffs) have Loran-A, and
again rate of growth has been steady.

In other fisheries, Loran usage is non-
existent or incidental.

Most Loran-A-equipped fishing craft have
one receiver, but in some fisheries, such
as trawling for bottomfish and Gulf
shrimping, half or more of the boats have
two Loran receivers and a few even have
three. The age of Loran-A sets in use
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ranges up to thirty years or more, since
World War II surplus sets are still in use.
The life expectancy of a Loran-A receiver
depends on the set itself, the environment
in which it operates (especially temperature
and moisture levels), maintenance, and the
way in which it is operated. Some sets
last only one or two years, but typical
useful life of a Loran-A receiver falls
between five and eight years. Of course,
another factor for determining when to
retire a Loran-A set is technical obseoles-
cence. Half of the sets in use are only
three to four years old or younger.

Commercial fishermen commonly use Loran-
A for general navigation, for navigation in
piloted waters, for reducing voyage time,
and for safety preparcdness. However,
by far the dominant use is to support
directly the catching of fish or shellfish.
Commercial fishing, more than any other
Loran user group, uses Loran in the repeat-
able mode, that is, fishing vessels record
at sea a Loran position to which they espe-
cially want to return (to retrieve a pot or
relocate a productive fishing area} or
to avoid (like bottom obstructions). These
positions, recorded in Ioghbooks over the
vears, have great economic and safety value
to fishermen, who face the major task of
converting A coordinates to C.

LORAN-C PLANS AND EXPECTATIONS

Most commercial fishermen have not yet
planned for the Loran-A to Loran-C transi-
tion. They lack information on the imple-
mentation of Loran-C, the termination sched-
ule for Loran-A, and cther aspects of the
transition, and as a result many have not
yvet decided on their specific actions.
Nonetheless, almost all commercial fisher-
men who use Loran-A plan to switch to
Loran-C.

Since most commercial fishermen who use
Loran consider it essential for their fish-
ing operations, the vast majority will
switeh to Loran-C before termination of
Loran-A (Table I-A-8). Close to 10%
will switch within the year after termina-
tion and only a few will not switch.

At current prices, and by their current
plans, the largest number of commercial
fishermen plan to purchase fully automatic
Loran-C receivers {(Table I-A-9). Substan-
tial numbers also plan to convert existing
Loran-A sets, to use or purchase Loran A/C
combination sets, or to purchase Loran-C
manual or semiautomatic sets that employ



No. of craft

% of vessels

(estimate)
Manual 7000 46.7
Manual-acquisition, 5000 33.3
automatic -tracking
Fully automatic 1000 6.7
A/C combination 2000 13.3
TOTAL 15000 100.0

Table 1-A-6. Types of Loran-A in use by Loran-A

equipped fishing craft

No. of craft | % of craft __1
{estimate)
Manual 100 2.8
Visual-acquisition, 500 13.9
automatic-tracking
A/C combination 2000 55.6
Fully automatic 1000 27.8
TOTAL 3600 100.1

Table I-A-7. Types of Loran-C in use by Loran-C

equipped fishing craft
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When Expect to Switch Percent of
Craft

{Estimated
Range) (%)

More than 6 mo before 45-55

Loran-A termination

Within &6 mo before 30-40

Loran-A termination

Within 12 mo after 5-15

Loran-A termination

Never 0-10

TOTAL 100

Percent of
Craft
(Estimated
Range} (%)

Kind of Loran-C set

Convert present Loran-A 20-30
set

A/C combination set 20-30
Manual or semiautomatic 10-20
set employing visual

acquisition

Fully automatic set 30-40
TOTAL 100

Table I-A-8. When U.5. Commercial
Fishermen Using Loran-
A Expect to Switch to
Leran-C

visual acquisition, Those who plan to
purchase fully automatic Leran-C receivers
cxpect to pay $3000-5000 for the set. If
Loran-C receiver prices drop, a widely cited
figure representing a price breakthrough

is $2000. That is, if fully automatic
Loran-C raceiver prices drop to $2000 be-
fore Loran-A is terminated, a much higher
number than Table I-A-9 indicates will
purchase such sets.

Commercial fishermen generally expect
Loran-C to provide better navigational
service than Loran-A. Many also point out
that they do not need better navigational
service for their particular fishing
operations. In Alaska and New England,
where therc has been considcrable experi-
ence with Loran-C, the expectations and
enthusiasm for Loran-C run much higher.

PROBLEMS AND POTENTIAL REMEDIES

The major problems facing commercial
fishermen are (1) the cost of switching
from lower-priced Loran-A receivers to
higher-priced loran-C receivers, (2) the
necd to switch before the end of the useful
life of an installed Loran-A set, and (3)
the necessity of converting Lorun-A
coordinates to Loran-C. Most fishermen
regard the forced transition as a major
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Table I-A-9. Kind of Loran-C Set
Loran-A Users Intend
to Buy/Use

cconomic burden, although some who have
switched point out that the superior navi-
gational capability of Loran-C makes money
for their fishing operations. For instance,
an Alaskan king crab fisherman in Kodiak
commented, "My Loran-C set paid for itself,
perhaps in a day and a half, but certainly
in the first three weeks I had it.'" Most
fishermen who use Loran-A in the repeatable
mode also consider cenversion of data a
major problem, do not know at the present
time what method they will use to convert
data, and regard conversion as expensive

to their operations both in terms of time
and money (lost fishing time, possible
reduced catches, inability to retrieve

pots, increased damage to nets). Other
frequently mentioned problems include avail-
ability, quality, and coverage of charts;
availability of receivers; and dependability
and technical adeguacy of Loran-C signals.

Commercial fishermen have identified a
number of forms of assistance that would
help them., Many desire financial assis-
tance, especially clarification of tax and
investment-credit treatment and information
on the avuilability of commercial and
government leans. Many fishermen seck
assistance with data conversion through such
means as Loran A/C overlap charts, calculator
conversion software, and information on
technical aspects and methods of conversion,
Also popular are a longer transition period



more extensive information on the transi-
tion, and education programs, which run

the gamut from demonstrations and workshops
to publications,

APPENDIX I-B

SURVEY OF U.S. COMMERCIAL SPORTFISHING
INDUSTRY

Approximately 4000 U.S. flag vesscls
carry sportfishermen for hire. Vessels
and vessel operations in this group have
some of the characteristics of both commer-
cial fishing and recreational boating,
but are sufficiently different from either
of these larger groups to warrant a
separate category.

Many different names apply to vessels
in this group, such as charterboat, party
boat, and head boat. Some name differences
reflect regional variation, whereas others
reflect differences in how passengers are
acquired. In general, sportfishing vessels
for hire can be divided into two basic
classes: vessels that sail on a regular
schedule with as many passengers as have
bought tickets, and vessels that operatc
only when chartered by a group.

Appendix I-B presents the results of a
survey designed to determine the character-
istics of commercial sportfishing Loran-A
users and their plans for the transition

to Loran-C. The first section presents the

survey's methodology: the second describes
the characteristics of the Loran-A user
and compares these with nonusers'. A
discussion follows of users' experience
with Loran-A and their plans and expecta-
tions for Loran-C. The last section pre-
sents problems and potential remedies iden-
tified by users.

METHODOLOGY

Chotee of Survey Medium

Each of the three standard survey media--

personal interview, telephone intervicw,
and mailed questionnaire--has different
advantages. Three criteria were important
in selecting a medium: expense, response
rate, and availability of a sampling frame.
The personal interview was too expensive,
The estimated responsc rate to a mailed

4For further information on the commercial
sportfishing industry see (5].

questionnaire of commercial sportfishing
skippers was too low to make this feasible.
The telephone interview, with moderate
expense and high response rate, was there-
fore chosen as the survey medium. In
addition, the only sampling frame available,
consisting of the telephone numbers of

all commercial sportfishing operators
advertising in yellow pages, lent itself
best to the telephone interview.

Samp ling Plan

Before a sample could be drawn, one neces-
sary task was to determine the size and
distribution of the commercial sportfishing
population. Since no teliable estimates
on a national scale appear in the literature,
we estimated the number of commercial
sportfishing vessels in each port of the
coastal United States, using all available
sources of information, including marine
advisory personnel, other Sea Grant
specialists, state tourist boards, state
development agencies, state park and
recreation departments, local chambers of
commerce, harbor masters, and other knowl-
edgeable people identified in this search.

A self-weighting stratified random
sample was then drawn. Each of the ports
constituted a stratum of sportfishing
vessels from which a number of vessels was
chosen randomly, at a ratioc of 1:24. As
many random numbers betweecn one and 100
were drawn as the number of vessels for
sampling in cach port, and each random
number was then converted to a telephone
number. However, two major problems made
this process difficult. TFirst, it would
have been impractical to compile all
telephone numbers listed in the yecllow
pages. This would have required ordering
well over 100 telephone books, and the
compiled list would have been much shorter
than an actual list of vessels, since
a number of vessels frequently operate out
of one office with only one telephone book
listing and not all vessels have a yellow
pages listing.

Since no better sampling frame existed,
we lived with the second problem, the in-
adquacies of the yellow pages list. We
therefore made the assumption that no
differcnce exists between the population of
charterhoats that advertize in the yellow
pages and those that do not. To work
around our inability to compile the yellow
pages list, we used the following procedure:

1. The frequency of each initial letter
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in the white pages of the Portland,
Qregon, telephone book was computed and
expressed as a cumulative percentage.

2. Each of the random numbers betwecn
one and 100 drawn in the sample could then
be converted to an initial letter,

3. The telephone numbers of all commer-
cial sportfishing listings that began with
each of the letters selected for each port
were requested from information operators
or some other source.

4, If no listing existed with the
required first letter, the next listing
was requested.

5. When an office representing more
than one vessel was reached, the respon-
dent was asked to list the vessels. The
interviewer then chose randomly a particu-
lar vessel.

6. When we needed to replace a number,
we used the next number on the list.

7. In a few cascs, the problem of
obtaining telephone numbers according to
these rules was so great that a number was
obtained by any means available.

Disposition of Calls

Interviewers made 537 calls to complete
156 interviews (Table I-B-1). Of
the 298 calls that resulted in no answer,
a busy signal, or an invitation te call back,
most were repeated at least six times or un-
til some other response was obtained. These
298 calls therefore introduce little bias.
However, 39 calls did not eventually
result in a successful interview, primarily
because the skipper could not be reached;
these calls included disconmected numbers
and recordings giving sailing information.
Of nccessity telephoning occurred during the
off-season for many parts of the country:
many skippers had closed down their opera-
tions or moved south for the winter scason.
We trust that skippers we could not reach
are not unusual in their Loran character-
istics so that little bias is created in
the survey. The number of refusals to
answer was encouragingly low.

Computational Procedures

Since the sample is self-weighting, x
is simply the mean of all observations:

50

.ijz
5
-

e
n
-
u
—_

=4

where:
x; is the value of the variable in case
i, and

N is the total number of valid cases.

The formula used to calculate the standard
error is:

N 1/2
Z: (x. - x]2
i=1 *

S.E. =
N{N-1) /
INCORRECT NUMBERS 15
OUT OF BUSINESS 26
CALL-BACKS 71
NO ANSWER 195
BUSY SIGNAL 3¢
NUMBER DISCONNECTED 20
("... per customer's
request”)
SKIPPER QUT FOR SEASON 15
RECORDING ONLY 4

{(fishing information,
departure times, etc.)

REFUSALS 7O ANSWER 3
QUESTIONNAIRE

SUCCESSFUL INTERVIEWS 156
TOTAL CALLS MADE 537

Table [-B-1. Telephone Calls Made
in Surveying the Com-
mercial Sportfishing
Industry,

This formula assumes that the sample is a
simple random one tather than a stratified
random sample. Since stratifying reduces
the variance in a heterogenous but region-
ally homogeneous population, the formula




when used for a simple random sample
results in an estimated standard error that
is larger than its true value, The 95%
confidence limits on the mcan were cualcu-
lated using the following formulas:

upper limit = x + 1.96 (S.E.)
lower limit = x - 1.96 (8.E.)

If the sample were drawn many times, the
mcan would fall within these confidence
limits 95% of the time,

The significance of a rclationship
between two variables is determined
using the Chi-square test. First, a
two dimensional contingency table is
constructed, A hypothetical table is

given below as an example for twoe variables,

each of which takes on two values, yes
or no (Table I-B-2).

Variable 2
Yes No Marginal
Totals
Yes 10 40 50
(20) (30)
_ No 30 20 50
. (20)  (30)
r
1=}
5
= Marginal a0 60 100
Totals

Table I-B-2. A Hypothetical Con-
tingency Table.

The numbers in each cell, or fol, are the
actual frequency of occurence of that
response, cxpressed as a percentage. The
marginal totals are the sum of row and
column frequencies. The numher in paren-
theses within cach cell, or fel, represents
the expected frequency in that cell calcu-
lated by multiplying the appropriate row
and column marginals. The value of Chi-
square i1s then calculated according to:
NC €l fely?

fe1

The grobability of obtaining the given value
of ¥~ with the appropriate degrecs of
freedom is obtained from a table. When the
probahility is ,05 or less, the null
hypothesis, that there is no relationship
hetween the variables, was rejected.

CHARACTERISTICS 0OF THE COMMLRCIAL SPORT-
FISHING COMMUNITY

There are 3963 commercial sportfishing
vessels in the United States; two-thirds
of them are located on the East Coast
(Table T-B-3). Although all these vesscls
differ, certain characteristics are typical.
Most commercial sportfishing vessels (87%)
arc operated by skippers who alse own them.
These skipper-owners almost always have
only onc vessel., Owners whoe arc not skip-
rers frequently operate up to five vesscls.
For the majority of operators (72%},
commcrcial sportfishing is the primary
source of income; for most of the others
£22%), however, commercial sportfishing
Tepresents a small percentage of their
income. The typical operater runs his
business from a small office that repre-
sents up te four vesscls, although some
offices handle up to 40 vessels. Almost
three-quarters of all commercial sport-
fishing vessels range from 22 feet to
60 feet in length (Table 1-B-4). The
capacity of charterbouats varies from threc
to more than 90 passengers, with the aver-
age vessel carrying 32 (Table T-B-5). The
average number of pussengers carried per
trip is 19 people, much smaller than the
average vessel cupacity. Most vessels go
far enough offshore (more than 15 miles)
50 that visual or radar navigation is
impossible (Table I-B-6)}. The
vast majority of trips take between five
and 12 hours, so that most commercial
sport fishing vesscls make one trip per day
(Table I-B-7). The average charge per
passenger per trip is just under $24.00
(Table I-B-8).

EXPERTENCE WITH LORAN-A
fumber o) Loran Users

The majority of commercial sportfishing
vessels in the United States are equipped
with some form of Loran set {Table I[-8-9).
Necarly half are cquipped with Loran-A,
and 13% with Loran-C,  Although the per-
centage of cach type of Loran varies con-
siderably for different coasts, the percen-
tage of vessels that have either Loran-A
or Loran-C is remarkahly constant, varying
only from 59% on the Atlantic Coast to
67% on the Gulf (oast.
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STATE NO. OF VESSELS

Washington 354
Oregon 239
California 308
SUB-TOTAL, PACIFIC COAST I
Texas 99
Louisiana 35
Mississippi 36
Alabama 34
Florida {Gulf Coast) 375
SUB-TOTAL, GULF COAST 579
Florida (Atlantic Coast) 297
Georgia 24
South Carolina 50
North Carolina 196
Virginia 226
Marytand 190
Delaware 72
New Jersey 406
New York 507
Connecticut 146
Rhode Island 42
Massachusetts 233
New Hampshire 26
Maine a8
SUB-TOTAL, ATLANTIC COAST 2483
TOTAL UNITED STATES 3963

Table I-B-3. Distributign of vessels carrying sportsfishermen
for hire.




Percent of
Vessels (%)

Vessel Length (feet)

less than 41 34
41-60 38
61-80 20
81-100 5
101-120 ?

Average = 5] ft.

Percent of
VYessels (%)

Miles offshare

2-15 30
16-50 49
51-110 23

Average = 33 miles

Table I-B-4. Length of Commercial
Sportfishing Vessels

Table I-B-6. Distance Travelled
Offshore

Capacity (passengers) Percent of
Vessels (%)

3-6 38
7-30 22
31-60 22
61-90 8
More than 90 10

Average = 32 people

Percent of
Vessels (%)

Trip time (hours)}

Less than 5 10
5-8 45
5-12 39
More than 12 6

Average = 9 hours

Table 1-B-7. Trip Time in Hours

Table I-B-5. Passenger Capacity of
Commercial Sportfishing
Vessels

Charge {3$) Percent of
Yessels (%)

Less than 20 45

21-40 49

41-60 4

More than 61 2

Average = $23.73

Table I-B-8. Charge per Passenger
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Commercial sportfishing vessels using
Loran have significantly different char-
acteristics from vessels not so equipped,
Loran-cquipped vessels are likely to be
ltonger and able to carry more passengers
(Table 1-B-10). Loran users go farther
offshore than nonusers and stay out longer
{Table I-B-11),

Characteristics of the Loran-4 user

Commercial sportfishing skippers who use
Loran-A comprise a rapidly growing group
of very satisfied Loran users. Forty per-
cent of all Loran-A users have five or fewer
years of experience with Loran-A (Table

I-B-12). Of Atlantic Coast users, 80% have
more than five years of experience. But the
Pacific Coast user is very ncw to Loran-A;
60% have less than five years of experience,

Almost all commercial sportfishing skip-
pers reported using Loran for general navi-
gation, as a safety feature in conditions
of low visibility, and for fishing opera-
tions. Skippers most commonly use Loran to
repeatedly find a rich fishing ground or
to stay with or find a school of pelagic
fish,

Almost all of these Loran-A users are
very satisfied with the service they receive
(Table 1-B-13). On every coast at lcast
39% of the respondents rate Loran-A as

Length (feet) Percent of Parcent of Percent of

Nenusers {%) A users (%) C users (%)
Z21-40 45 31 g
41-60 41 42 19
61-80 3 22 48
81-100 5 4 14
101-120 0 1 10
Total 100% 100% 100%

2 o
X probabiility = .0001

Table I-B-10. Length of Vessel for Loran Users and Nenusers

Distance travelled offshore Percent of Percent of Percent of
{miles) Nonusers (%) A users (%) C users (%)
2-15 55 11 25
16-50 38 59 40
51-110 7 30 35
¥ 2 probability less than .0001

Table I-B-11. Distance Travelled Offshore for Loran Users and Nonusers
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Percent of
Years of Experience with L users (%)
Loran-A
Atlantic Coast Gulf Coast Pacific Coast Total U.S.
1-5 21 46 59 40
6-10 30 36 21 27
11-15 15 Q 10 11
More than 15 34 18 10 22
Total 100% 100% 100% 100%
Average 13 yrs. 10 yrs. 8 yrs. 11 yrs.
Table I[-B-12. Years of Experience with Laran-A
Percent rating Loran-A as excellent
For the purpose of: (%)
Atlantic Coast Gulf Coast Pacific Coast
Navigation 59 64 76
Safety 59 60 79
Operatigns 5% 64 86
Table I-B-13. Commercial Sportfishing Skippers Rating of Loran-A Service

1 cxcellent. Loran-A's excellent reputation

is one of the main rcasons that its popula-

Quality of Loran-A
coverage

Percent of
RONUSErs
intending to
buy Loran (%)

Good

None or poor

25
10

2
X

probability = .11

S6

Table [-B-14.

Percentage of Nonusers
Intending to Buy Loran
By Quality of Loran-A
Coverage

tion of users has grown so Tapidly. As a
result, a much higher percentage of non-
users in arteas of good Loran-A coverage
intend to buy Loran in the future than do
nonusers in areas of poor or ne Loran-A
coverage (Table I-B-14).

The characteristics of the Loran-A
scts in use on commercial sportfishing
vessels vary considerably: half are
partially automatic, with manual acquisi-
tion and automatic tracking (Tahle I-B-1i5]).
Most of the other sets in use are manual,
and only 4% are fully automatic, dual-
track sets, The age of sets in use varies
greatly between coasts (Table I-B-16):
sets on the Pacific and Gulf Coasts average
six yecars old. Newer scts arc more often
partially or fully automatic than older sets,



Kind of set Percent of
sets (%)
Manual 46
Partially automatic 50
Fully automatic 4
Dual track
Total 100

Table I1-B~15. Kinds of Sets in Use

Purchase Price {§) Percent of
sets {%)
1-500 14
501-1500 6l
1501-2500 25
Total 100%
Average $1274

Table I-B-17. Purchase Price of Loran

Sets in Use
Age of set (years) Percent of
sets (%)
Atlantic Coast Gulf Coast Pacific Coast Total U.S.
1-3 23 64 65 46
4-6 47 27 28 37
7-9 15 ] 7 9
More than 9 15 9 0 8
Total 100% 100% 100% 100%
Average 6 yrs. 3 yrs. 3 yrs, 4 yrs.

Table 1-B-16. Age of Loran-A Sets by Coast

The average purchase price of sets is $1274,
although actual purchase prices may vary up
to $2500 (Table T1-B-17).

LORAN-C PLANS AND EXPECTATIONS

Most commercial sportfishing skippers
who use Loran-A have made some tentative
plans for the changeover, and have some
expectations for Loran-C. Most intend to
switch to Loran-C (Table I-B-18). The kind
of Loran-C set operators intend to buy
varies considerably throughout the country
(Table I-B-19]. The percentage of opera-

tors whoe want fully automatic Loran-C sets
drops from 50% on the Atlantic Ceast to

30% on the Gulf Coast to only 14% on

the Pacific Coast. One hypothesis to
explain this variation is that the kind of
set purchased depends on the fleet's
experience with Loran-C and word-of-mauth
evaluation of the different kinds of sets.
For example, until very recently the Pacific
Coast fleet has had very little exposure to
Lorar-C and therefore has no experience
with the problems of operating manual
Loran-C sets or the advantages of a fully
automatic set. But repardless of the kind
of Loran-C se¢t an operator intends to
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Coast Percent of Loran-A
users intending to
switch (%)

Atlantic 79
Gulf 92
Pacific 97
Total U.S. B8%
Table I-B-18. Percentage of Loran-A

Users Intending to
Switch to Loran-C

purchase, he or she expects it to perform
betcer than Loran-A (Table 1-B-20). Thus,
the Coast Guard and the commercial sport-
fishing Loran user face potential problems
if these expectations are not met or re-
placed by more realistic ones.

Many users' plans are not yct firm enough
for them to say when they intend to buy
their Loran-C set. Those with definite
plans gencrally intend to buy a set within
six months of Loran-A termination (Tuble
1-B-21), If the termination of loran-A were
delayed for one year, almost all of these
purchasers would delay their purchasc as
long as possible, However, a substantial
minority intends to purchasec a set s$ix
menths or more before Loran-A termination.
Approximately 70% of these carly purchasers

Kind of Loran-C Percent (%) of Loran-C buyers
Atlantic Gulf Pacific Total U.S.
A convertible to C 7 10 0 5
Convert present A to C 11 20 29 20
Manual C 4 10 21 12
Partially automatic C 11 0 18 12
or A/C combination
Fully automatic C 52 30 14 32
Don't know 15 30 18 19
100% 100% 100% 100%
Table I-B-19. Kind of Loran-C Loran-A Users Intend to Buy

Kind of C set intending

Percent expecting Loran-C to be better

to buy than Loran-A (%)

Atlantic Gulf Pacific Total U.S.
Fully automatic C 100 100 67 94
A11 other types of C 100 100 61 75

58
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Expectations for Loran-C



Percent of
those
switching to
foran-C (%)

Purchase time

6 months or more

before termination 26

Near termination 42

Don't know 32
100%

Table I-B-21. When Loran-A Users

Intend to Purchase Loran-{

Percent who
mentioned the
problem (%)

Problem

Cost of buying

Loran-C set 30
Availability of

charts 9
Conversion of hang

data 27
Cost of conversion

of electronics 9
Expect no problems 15

Table 1-B-22. Expected Problems
During the Transition
from Loran-A to
Loran-C

intend to buy fully automatic sects. The
timing of most of these purchases would
not be affected by changes in the Loran-A
termination schedule.

PROBLEMS AND PCTENTIAL REMEDIES AS SEEN BY
THE COMMERCTIAL SPORTFISHING SKIPPER

Commcrcial sportfishing vessel operators
identified the major problems that they
expected during the transition from Loran-A
to Loran-C, and the potential assistance
that would help them live with these pro-
blems (Tables I-RB-22 and I-B-23)., They
most often cited the problems of the cost of
buying a Loran-C set and the difficulties

involved in converting hang data or favorable

Percent who

Form of Assistance mentioned (%)

Longer overlap 12
Educatianal programs 14

Favgrable tax
treatment 9

Government grants
or loans 17

Discount on insur-
ance rates P

No assistance

desired 24
Table [-B-23. Assistance Desired
During the Transi-
tion from Loran-A to
Loran-C
Percent
Program desiring
program (%)
Demonstrations 3z
Workshops 27
Publications 25
No pragrams needed 30

Table I[-B-24, Educational Programs
Desired

fishing ground locations from Loran-A to
Loran-C coerdinates, Government financial
assistance, in the form of grants, loans,
or a huy-back program, and educational and
informational programs were the most fre-
quently requested forms of assistance. Al-
most a quarter of the respondents, however,
felt that they did not need any assistance.
When questioned about the desirability of
specific kinds of educational and informa-
tional programs, such as demonstrations,
workshops, or publications, slightly

less than a third of the operators felt
that cach of the three types of programs
would be valuable to them, whereas the
same number said that no educational
programs were needed (Table 1-B-24},
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APPENDIX I-C
SURVEY OF THE MERCHANT MARINE

The United States merchant marine is
one of the most visible segments of the
U.S5. marine community, but is also one
of the smallest groups in terms of number
of vessels., In contrast to most other
vessel operators, such as fishermen or
tugboat firms, merchant vessel operators
are usually large companies with substan-
tial capital assets and many employees.
Merchant vessels also typically operate
worldwide, whereas vessels in most other
user groups operate locally, regionally,
or coastwise.

Because merchant ships operate in many
different types of waters in many parts
of the world, their navigational needs are
demanding. The complement of electronic
navigational aids most merchant ships carry
is therefore larger than that carried by
ather types of vessels. To prevent vessel
collisions and groundings, and to protect
the marine environment from harm, the Coast
Guard proposes to require all merchant
vessels of 1600 gross tons or more that
operate in U.S, waters to carry a Loran-C
receiver. If this requirement is adopted,
some merchant vessel operators will alter
their Loran plans from those stated in this
Teport.

This section of Appendix I presents the
results of a survey of merchant vessel
operators taken to determine their vessel
characteristics, use of Loran, and plans
for Loran-A to Loran-C transition. The
first section discusses the survey's
methodology used in the survey: the second
gives the characteristics of merchant
vessels and the companies that operate them;
and the third describes merchant vessels'
use of Loran. The Loran-C transition
plans and expectations of Loran-A users
then follow. The final section presents
the problems merchant mariners who use
Loran-A expect during the transition and
the forms of assistance they prefer.

METHODOLOGY

Chotce of Survey Medium and Questionnaire
Development

The medium chosen was a mailed ques-
tionnairc followed by telephone calls to
nonrespondents. Personal interviews were
too expensive and time-consuming. Less
costly in time and money, a telephone
survey of a sample of firms would have
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been feasible. Because the estimated
response rate of merchant vessel operators
to a mailed questionnaire was higher than
for many other user groups, the mailed
questionnaire was also feasible, and

least time-consuming and expensive. llow-
ever, we could reach a larger sample of
firms than possible with the telephone sur-
vey, with more statistical assurance than
with the mailed survey by combining tele-
phone and mail. We therefore decided to
start with a questionnaire mailed to all
merchant vessel operators, followed up by
telephone calls to a sample of nonrespon-
dents. This procedure ensurad that a large
propertion of the population could be sur-
veyed quickly, cheaply, and accurately with
a minimum of telephoning.

We then developed a questionnaire for
mailing. With branching kept to a minimum
and the overall length short, the question-
naire was divided into two parts. The first
part dealt with the company, the number of
vessels it operated, and management's
attitudes and plans for the Loran transi-
tion. The second part questioned respondents
about a randomly drawn sample of individual
ships--where they operate, what navigational
devices they use, and their Loran-C plans.

A copy of this questionnaire is reproduced
at the beginning of this Appendix.

Sampling Plon

Before proceeding with mailing or tele-
phoning, we needed to draw up a list of U.5.-
registered merchant ships and the names of
their operators. In its Vessel Imventory
Report, the Maritime Administration lists
all U.S.-flag vessels and their owners,
with updates given in the monthly Status of
American Merchant Marine (23,24). Although
it dees not name operators, the list of
vessels thus compiled is very complete.
Operators for most of these vessels can be
obtained from the list prepared by the trade
magazine Marine Engineering/Log (32). A
combination of the two 1lists plus supple-
mentary information from the Maritime Ad-
ministration allowed us to compile an
accurate and complete list of vessels and
operators. The Marine Directory published
by Marine Evgineering/Log lists the address,
teiephone number, and name of the cperations
manager for each firm (11).

Once the list was prepared, we could im-
plement the sampling plan, First, a
questionnaire was mailed to all firms.

When the number of returned questionmnaires
received per day began to drop off, a second
mailing was sent to all nonrespondents.



After the response rate per day had again
declined to zeroc, the largest nonresponding
firms were telephoned. The list of firms
was then divided into two strata: (1)
those firms that had already answered and
(2) those firms that had not yet responded.
We then telephoned a 25% random sample of
the firms in Stratum 2. When we had to
replace a firm, the next firm on the list
was selected. The overall plan therefore
consisted of a stratified sample with
different sampling fractions in each of the
two strata.

Digposition of Responses

Knowing the disposition of responses al-

lows an evaluation of the validity of survey
results. Table I-C-1 shows the number of
firms and vessels, and the number sampled,
in each stratum for both Parts 1 and 2 of
the questionnaire., About half of the
companies and three-fourths of the vessels
are contained in Stratum 1, indicating that
a very high proportion of the population is
known completely without error. Table

I-C-2 gives the disposition of phone calls
for the random sample of Stratum 2. 'Busy,"
'mo answer,' and "call back' responses are
not included, since repeated attempts were
made until one of the responses in Table
1-C-2 was obtained. The relatively large
number of refusals, compared to the number

Total Number of Number Sampled Number Sampled
in Part 1 in Part 2
questions questions
Firms Vessels Firms  Vessel Firms Vessels
Stratum 1 32 428 32 428 32 53
Stratum 2 35 151 7 37 7 10
Total 67 579 39 465 39 63

Table I-{-1.
Each Stratum

Number of Firms and Vessels Present and Sampled in

Number of calls
Refuse to answer questionnaire 3
Telephone number of firm not available [
Knowledgeable person not available 1
Successful interviews 10
Total 15
Table I-C-2. Disposition of Phone Calls in the Sampling of Stratum 2
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of completed interviews, may introduce a
small ampunt of bias into Stratum 2, al-
though since Stratum 2 is such a small
proportion of the population the biasing
effect on estimates of the entire popu-
lation will be slight.

Computational Procedures

The formula used for the mean calculation
is:
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X, ., = measured attribute of the kth ship
of the jth firm of the ith stratum

.. = the number of ships operated by
H the jth firm of the ith stratum

S;. = sample size drawn from the jth
J firm of the ith stratum
N, = the number of firms in the ith
stratum
n, = the number of firms sampled in the
ith stratum (In this survey
nl = Nl).

This formula applies to variables in both
Part 1 and Part 2 of the questionnaire.

Standard error calculations were made
only for a small number of Part 1 variables,
each of which measures the possession of
an attribute. Because all vessels in
Stratum 1 were inventoried, Stratum 1 does
not centribute to the standard error. We
made the assumption that Stratum 2 was a
random sample of ships, rather than a ran-
dom sample of firms in which the char-
acteristics of all ships in each firm
sampled were determined. Calculations made
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with the true formula indicate that this is
a valid assumption. The formula used for
standard error is:
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where p = proportion of the sample possessing
the attribute. This proportion
equals the mean if the value of the
variable is 1 when the attribute
is present and 0 when it is not.

We used standard error values to determine
95% confidence limits as a measure of the
precision of the estimate of the mean. These
limits were calculated using the formulas:

+1.96 (S.E.)

>

upper limit =

lower limit = x - 1.96 (S.E.)

If the sample were drawn many times, the
mean would fall within these confidence limits
95% of the time.

The significance of hypothesized relation-
ships between variables was determined using
the Chi-square test, an explanation of
which is given in the commercial sport-
fishing pertion of this appendix. Since
this survey was not self-weighting, each
value of x,. was multiplied by weighting
factor, p.
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This factor weights each observation accord-
ing to the number of cases the ohservation
really represents, and alse maintains the
total number of cases at the number of cascs
actually sampled so that the probability
obtained from the Chi-square test is not
influenced by an artificially high number
of cases. Because of the small number of
weighted cases, a probability of .25 was
accepted as significant. Only signifi-

cant relationships are discussed.

CHARACTERISTICS OF MERCHANT VESSELS AND THE
FIRMS THAT COPERATE THEM

As of September 1976, there were 579
privately owned U.S.-flag merchant vessels
over 1000 gross tons (24). Tankcrs are
the most ccemmon type, followed by cargo
vessels and containerships (Table I-C-3).
Most of the vessels engage in domestic-to-
foreign or domestic-to-domestic commerce;
only a few are employed in foreign-to-
foreign commerce (Table I-C-4). Tables
I-C-5 and I-C-6 give the distributions, as
predicted by the sample, of U.S. ships by
gross tonnage and deadweight tonnage. Al-
though most ships appear in the smallest
categories, the average gross tonnage and
deadweight tonnage of ships have increased

since 1968 because of the addition of
large tankers of more than 40,000 DWT,
Most vessels have been built since 1960,
although a substantial number of older
vessels were built during the 1940s
(Table I-C-7).

Merchant vessels carry a number of
clectronic navigation devices in addition
to cclestial navigation equipment (Table
1-C-8}. All vessels carry radio direction
finders, as required by Coast Guard
regulation. All vessels also carry onc
or more fathometers and radars. Most
ships have Loran capability; some can
reccive Loran-A only, a few receive Loran-C
only, and many receive both. Relatively
few vessels carry Decca, Omega, or satellite
systems, although some firms are experiment-
ing with satcllite systems on a few of
their vessels.

Companies that operate merchant vessels
also vary greatly. Seventeen companies,
representing 196 vessels, are assisted
through operating differcntial subsidies
(21), and most of the rest are indirectly
subsidized. Most companies arc small, with
50 to 400 employees (Table I-C-9) (21}. But
a few very large companies, notably the oil
companies, have numbers of employces
ranging inte the tens of thousands.

Ship Type Number of Vessels
Total Freighters 310
General Cargo 131
Containerships 134
LASH 27
Roil-on/Ro11-off 12
Combination Passenger & Cargo 6
Bulk Carriers 18
Total Tankers 251
0i1 Tankers 233
Other Tankers 18
Total Vessels 575
Source: Maritime Administration, Vessel Inventory Report,
(23, pp 18-39).

Table I-C-3. Numbers of U.S. Vessels by Ship Type
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Area Employed Number of
Vessels
U.5.-to-foreign 281
Foreign-to-foreign 12
U.S. domestic trade 177
Inactive vesseis 62
Total 579

Source: Maritime Administration,
Employment of United States
Flag Oceangoing Merchant
Fleet as of September 1, 1976
(22).

Deadweight Tonnage Number of

Vessels
0-20,000 278
20,000-40,000 240
40,000~-60,000 18
60,000-80,000 12
80,000-100,000 27
More than 100,000 3
Total 579

Table I-C-4. Area of Employment of
Privately Owned U.S.-
Flag Vessels

Average = 27,493 deadweight tons

Gross Tonnage Number of
Vessels
1000-10,000 61
10,000-20,000 343
20,000-30,000 116
30,000-40,000 34
40,000-50,000 23
Did not respond to
question 3
Total 579

Average = 17,611 gross tons

Table I-C-6, Deadweight Tannage Dis-
tribution of Privately
Owned U.S.-Flag Vessels

Year Built Number of Vessels

1930-1939 1

1940-1946 160

1950-1959 98

1960- 1969 193

1970-1976 115

Unknown 12

Total 579

Table I-C-5. Gross Tonnage Distribu-
tion of Privately Owned
U.5.-Flag Vessels
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Source: "The U.5.-Flag Oceangoing

Fleet
and U

" (32, pp 99-116);
.5. Department of Trans-

portation, United States Coast

Guard

» Merchant Vecsels of

the United States: 1974,

Tabie I-C-7. Age Distribution of

Privately Owned U.S.-Flag

Merchant Yessels




Type of Electronic
Navigation Percent of
Equipment Fleet {%)
Radio direction

finder 99*
Fathometer 99*
Radar 99>
Omega 9
Decca 24
Satellite navigation

system 8
Loran-A 86
Loran-C 59
Other systems 6
*The remaining 1% is comprised of
vessels for which no information on
navigation systems is available.

Table I-C-B. Electronic Navigation
Equipment Carried by
Merchant Vessels

Companies also differ in the number of ships
they operate, which does not always cor-
relate with company size (Table I-C-10).
Again, the largest percentage of firms are
the smaller companies that operate less than
10 vessels.

USE OF LORAN BY MERCHANT VESSELS

Almost all U.S. flag merchant vessels
have at least one Loran receiver (Table
I-C-11), Thirty-seven percent of the ships
can receive Loran-A only; nearly 50% have
both Loran-A and Loran-C capability; and
only 10% have just Loran-C. The majority of
Loran-C sets in use are A/C combination
sets (Table I-C-12); these account for 81%
of the vessels with both Loran-A and Loran-C.
The Temaining Loran-C sets are equally
divided between fully automatic and manual
sets. A Loran-C equipped vessel is more
likely to have a greater tonnage and to be
a tanker than a vessel equipped only with
Loran-A (Table I-C-13 and Table I-C-14).
Interestingly enough, Loran-C usage does not
correlate with age of vessel.

Merchant vessel operators use Loran-A
in various ways, most commonly for general
navigation and to cut voyage time and
expenses through accurate navigation.
Loran-A is also used slightly less frequently
for navigation in crowded piloted waters and
as insurance for emergcncy situations, Mer-

Number of Number of

Employees Companies

1-200 18

201-400 17

401-600 6

601-800 2

801-1000 0

1001-5000 10

5001-55,000 6

Unknown 8

Total 67

Table [-C-9, Size Distribution of
Companies Operating Mer-
chant Vessels Measured by
Number of Employees

Number of Number of

Ships Companies

1-10 39

11-20 21

21-30 4

31-50 3

Total 67

Average Number of Vessels

Operated = 11

Table 1-C-10, Number of Ships Operated
by Firms

chant vessel opcrators are not as happy with
Loran-A as mariners in some other groups.
Only one-third ratce Loran-A as excellent,

whereas slightly more than half rate Loran-A
as satisfactory (Table I-C-15).

LORAN-C PLANS AND EXPECTATIONS
Most merchant vesscl operators have

already made plans for the lLoran-A to
Loran-{ transition. About three-quartcers
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Percent of Number of 95% Confidence

vessels {u) vessels timits on number of
vessels
Loran-A only 37 216 188-234
Both Loran-A and Loran-C 49 282 264-300
Loran-C aonly 10 56 52-60
No Loran 4 25 21-29
Total 100 579

Table I-C-11. Use of Loran-A and Loran-C by Merchant Vessels

Type of Set Percent of Number of 95% Confidence

vessels (%) vessels Limits on number of
vessels

Automatic 14 46 38-54

Manual 16 54 41-67

A/C combination 68 229 216-242

Don't know 2 8 *

Total 100 338

* Confidence 1imits not calculated

Table 1-C-12. Types of Loran-C Sets in Use Out of 338 Loran-C Equipped Ships




Loran Usage

Gross tonnage Loran-A only
(Percent of

Yessels) (%)

Both Loran-A
and C {Percent
of Vessels} (%)

Loran-C only
(Percent of
Vessels) (%)

1060-10,000 14.4 5.6 25.3
10,001-20,000 75.2 58.9 19,1
20,001-30,000 10.4 21.6 40.0
30,001-40,000 ] 10.3 ¢
40,001-50,000 0 3.5 15.6
Total 100% 100% 100%
x¥2 probability = .11
Table I1-C-13. Correlation of Loran Use with Size of Vessel

Loran Usage

Type of Vessel Both Loran-A
and C {Percent

of Vessels) (%)

Loran-A only
{Percent of
Vessels} (%)

Loran-C only
(Percent of
Vessels) (%)

Tanker 25.0 57.9 59.7

Containership 13.5 24.7 32.5

Cargo 44,2 15.7 7.8

Other types 17.3 1.7 0

Total 100% 100% 100z
x? probability = .20

Table I-C-14. Correlation of Vessel Type with Loran Usage
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Not Used
For the purpose of Excellent Satisfactory Foor for This Total
Purpose
Navigation in piloted 37 55 5 3 100%
waters
General navigation at 41 57 2 0 100%
sea
Safety preparedness 31 58 1 10 100%
Cutting voyvage time 26 63 11 0 100%
TabTe I-C-15. Rating of Loran-A by Operators of Vessels with Loran-A Only
Percent of Number of 95% Confidence
Loran-A only vessels Limits on Number
vessels (%) of Vessels
Will switch to Loran-C 74 160 148-172
Hill not switch 18 38 *
Bon't know 8 18 7-29
Total 100% 216
* Confidence limits not calculable

Table I-C-16.

of the vessels having Loran-A only will
have switched to Loran-C by the Loran-A
termination date (Table I-C-16). Most

of the small perccntage of coperators

who have not yet decided are considering
alternative systems such as Omega or satel-
lite navigation. Many of the vessels that
will not be equipped with Leran-C were built
before 1950 and will probably be scrapped
in the near future. Most vessels that wilil
switch to Loran-C will be equipped with
fully automatic sets (Table I-C-17); 15%
will be fitted with A/C combination sets.
Existing Loran-A sets will be converted to
Loran-C in only a few cases. Merchant
marine operators are better informed and
mere realistic about the prices they cxpect
to pay for Loran-C sets than any other user
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Loran-A-Only Users Who Intend to Switch to Loran-C by the
Termination Date of Loran-A

group (Table I-C-18). The average estimated
price is $4200, with more than 70% of

the operators expecting to pay more than
$3000.

Merchant marine operators are less opti-
mistic than other user groups about the
value of Loran-C compared to Loran-A,
50% believe that Loran-C will provide
better service than Loran-A, and more than
one-third believe Loran-C will provide
either the same service as Loran-A or
worse (Table I-C-19). Operators who have
had experience with Loran-C regard it
more favorably than those who have not
{Table I-C-20).

Only



Kind of Loran-C Number of Percent
Sets (%)
Fully automatic 123 77
A/C combiration 24 15
Convert existing ] 3
Loran-A
Don't know 8 5
Total 160 100%

Table I-C-17. Kind of Loran-C Set
Loran-A Users Intend to

Buy

Price (%) Number of Percent

Sets (%)
2000-3000 22 14
3001-4000 43 27
4001-5000 51 32
5001-6000 21 13
Dan't know 23 14
Total 160 100%
Average price = $4200

Table I-C-18. Price Loran-A Users
Expect to Pay for

Loran-C

For the purpose of

Rating of Loran-C Compared to Loran-A

(Percent of vessels) (%)

C Better € the C Worse Don't Use Don't Total
Same This Function Know

Navigation in piloted 54 29 6 3 2 100%
Waters
General navigation at 54 26 12 0 8 100%
sea
Safety preparedness 43 26 ) 9 16 100%
Reducing voyage time 50 30 11 0 9 100%

Table I-C-19. Expected Usefulness of Loran-C

Compared to Loran-A
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Percent expecting Loran-C t¢ be better
than Loran-A (%)

For the Purpose of:

Companies Also Having
Vessels with Loran-C

Companies Having No
Vessels with Lgran-C

Navigation in Piloted
Waters

General navigation
Safety preparedness

Reducing voyage time

74

74
68
74

b5

46
31
41

Table I-C-20.

Expectations of Loran-A Users by Experience with Loran-C

Percent of Number of

When Expect to Purchase vessels {%) vessels
More than 6 months before 21 34
termination

Within & months of termination 46 73
Don't know 33 83
Total 100% 160
Table I[-C-21. When Loran-A Users Intend to Buy Loran-C

Although half of the vessels that will be

switched will be equipped with Loran-C
sets close to the termination of Loran-A,
20% will be equipped with Loran-C sooner,
at least six months prior to termination
(Table I-C-21). Larger companies and com-
panies that operate several vessels are
more likely to purchase Loran-C early than
smaller companies (Table I-C-22). Those
whe perceive the forced transition from
Loran-A to Loran-C as an economic burden
will more likely delay their switch

until the last minutce (Table T-C-23}.

PROBLEMS AND POTENTIAL REMEDIES
The cost of switching from a lower-

priced Loran-A receiver to a higher-priced
Loran-C receiver is the major problem mer-
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chant marine operators perceive., One-third
of the companies, representing about half
of the vessels having only Loran-A, per-
ceive the forced transition to be a major
economic burden (Table I-C-24). The size
of company relates to this perception:

the smaller company is more likely to find
the changeover burdensome (Table I-C-25).
Other frequently mentioned problems include
limited availability of charts and receiv-
ers. {Table I1-C-26).

Merchant marine operators identified
several forms of assistance that would help
them (Table I-C-27). Even though financial
impact was the problem they most fre-
quently cited, very few proposed any form
of direct financial assistance. They pre-
ferred forms of assistance such as a longer




Number of Employees

When Purchase Expected

Soon {Percent Near Termination
of Vessels ) (Percent of Vessels)
(%) (%)
Less than 200 0 11
201-400 ] 40
401-600 1] 50
601-800 22 0
801-1000 0 0
10G1- 5000 78 0
Total 100% 100%

2

X

probability = .07

Table I-C-22. When Loran-C Purchase is Expected by Size of Company

When Purchase is Expected

Perceive Forced
Transition to he

Soon {Percent of Near Termination

Burdensome of Vessels) {%) (Percent of
Vessels) (%)

Yes 0} 82

No 100 18

Total 100% 100%

x? probability = .05

Table I-C-23. When Loran-C Purchase is Expected by Perception

of Burden
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Perception of Number of Number of Loran-A
Forced Transition Companies Cnly Vessels

Burdensome 12 102
Not burdensome 23 113
Total 35 215

Table 1-C-24. Perception of Economic Burden of
Forced Transition to Loran-C

Size of Company {Number of Employees)

Perception of Burden 0-400 400~-800 More Than 800
(%) {%) (%)

Burdensome 72 20 0

Not burdensome 28 80 100

Total 100% 100% 100%

x* probability of .04

Table I-C-25. Perception of Economic Burden by Size of Company




Prablem

Percent of Operators
Who Mentioned
Problem {%)

Percent of Loran-A-only
Vessels Represented
(%)

Receiver costs 43 53
Availability of 29 31
charts

Limited supply of 17 i8
receivers

Training of personnel 6 8
Inadequate coverage 6 8
Inadequate sets 9 7
Don't expect any 17 13
problems

Other 9 9
Don't know 3 2
Table I-C-26. Problems Expected by Vessel Operators During the Transition

from Loran-A to Loran-C

Form of Assistance

Percent of Operators
Who Mentioned (%)

Percent of Loran-A-only
Vessels Represented (%)

Longer transition
Education programs
Standards for sets
Financial assistance
Don't need assistance
Other

Don't know

20
26
11

3
34

22
32
13

4
37

Table [-C-27. Assistance Desired During the Transition from Loran-A

to Loran-C
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Program Percent of Operators Percent of Loran-A-onl
Desiring {%) Vessels Represented (%{

Loran-C demon- 31 40
strations

Workshops 11 17
Publications 60 58

Other 6 12

Don't need any 20 23

DBon't know 3 2

Table I-C-28. Education/Information Programs Desired

transition period and education programs

to help retrain personnel. About 10% of
the operators, mostly those contacted after
the announcement of the Coast Guard's
proposed requirement for Loran-C, wanted the
government to set minimum standards for
Loran-C receivers as soon as possible,
Thirty-four percent, a relatively large
number, felt that they needed no assistance.
Many operators favored education programs
when questioned specifically about these
(Table I-C-28). Sixty percent indicated
that they would like explanatory publica-
tions; some operators favored these because
they could avoid paying employees to attend
demonstrations and workshops. Demonstra-
tions were preferred three to one over
workshops. Only 20% of the operators felt
that they did not need any educatiocnal
programs.

APPENDIX I-D
TUG AND TOWBOAT TRANSPORTATION INDUSTRY

The tug and towboat fleet is a flexible
and innovative segment of the occean trans-
portation industry., Company and vessel
characteristics are intermediate between
those of the merchant marine and the inde-
pendent commercial fisherman or sport-
fisherman. Much smaller than a typical mer-
chant ship, tugs are larger than an average
fishing vessel. Some firms, large and
diversified, are similar to merchant marine
companies. Others are small, family opera-
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tions more similar to those of commercial
fishermen., Typically confined to the domes-
tic coastwise trade, the tugboat operation
is more localized than that of the merchant
shipping firm.

This portion of the appendix presents the
results of a survey of the oceangoing tug-
boat industry. The first section presents
the survey's methodolopgy; the second de-
scribes the characteristics of tugboats and
the companies that operate them; the third
section describes tugboat operators’
experience with Loran. The plans and expec-
tations of the Loran-A users for the transi-
tion to Loran-C then follow, Finally, the
problems tugboat operators face during the
transition are discussed,

METHODOLOGY

The methodclogy used for the tugboat sur-
vey is very similar to that used for the
merchant marine survey. With minor modifi-
cations, the questionnaire developed for the
merchant marine was applied to the tugboat
industry. The questionnaire had two parts,
one of which asked about the firm and all
that firm's vessels, and the second part
concentrated on a few specific vessels. As
with the merchant marine, the survey medium
was 4 mailed questionnaire followed by a
telephone survey of nonrespondents. After
the mailing had been completed, the tugbeat
population was divided into two strata.
Those responding to the mailed questionnaire
constituted Stratum 1, and those not re-
sponding constituted Stratum 2. The



sampling fraction in Stratum 1 was therefore
1,00, and the Stratum 2 fraction was chosen
to be .25, As a result, only variation in
Stratum 2 contributed to the standard

error of the population estimates. The
equations used to calculate the mean, the
standard error, and Chi-square probabilities
were exactly those used for the merchant
marine. As with the merchant marine, a
probability level of .25 was accepted as
statistically significant. In fact, meth-
odology for the tugboat survey only differed
from methodology for the merchant marine
survey in the compilation of the list of
vessels and operators and the analysis of
the disposition of responses.

Compilation of list

The basic source for the list of tughboats
and their operators was a U.S5. Army Corps
of Engineers publication, Trameportation
Linee on the Atlantie, Gulf, and Pacific
Coast, 1976 (20). Compiled yearly from a
Corps survey, this publication lists ad-
dresses, area of operations, vessel names,
and vessel statistics for all firms
operating U.5.-flag vessels in waterborne
commerce on the U.S. coasts or navigable
rivers. A large fraction of the firms
(those not operating tugboats in the coastal
confluence zone) on the list were elimina-
ted. After consulting with industry

spokesmen and major tugboat firms a

few firms were added to the list. The
result was a list of tugboats that are very
likely to operate in the coastal confluence
zone, Because of ambiguities in the Corps
list, and because many firms run harbor

or river tugs in addition to ocean tugs,

we could not reduce the list to ocean-

going tugs without further information

from the firms. Telephone numbers and

the names of operations managers were ob-
tained from the Marine Directory issued

by the magazine Marine Engineering/Log (11).

Disposition of Responses

The rate of response to the mailed
questionnaire and the rate of substitution
for firms drawn in the sample demonstrate
the validity of the survey results., Table
I-D-1 gives the total number of firms and
vessels, the number sampled in Part One
questions, and the number sampled in Part
Two questions. Fifty-seven out of 113
firms responded to the mailed questionnaire,
giving a Stratum 1 of 57 firms and 406
vessels, Thus, we know without any error
or bias a substantial percentage of the
entire population for Part One questioms.
Since Stratum 1 firms answered questions
concerning all vessels requested, we did
not need to replace vessels in Part Twe
sampling of Stratum 1. Therefore, no bias
is introduced into the Part Two sample for
Stratum 1.

Total number Number sampled in  Number sampled in
of Part 1 questions Part 2 questions
Firms Vessels Firms Vessels Firms Vessels
Stratum 1 57 406 57 406 57 74
Stratum 2 56 267 15 91 15 19
Total 113 673 72 497 72 93

Table I-D-1. Number of Firms and Vessels Present and Sampled in Each

Stratum

75



Fifteen firms and 91 vessels were sam-
pled in Stratum 2, out of totals of 56
firms and 267 vessels. Twenty-three firms
had to be selected to obtain the desired
15 successful interviews (Table I1-D-2).

Many more calls than 23 were actually made,

but "busy,'" "no answer," and "call back"
results were not included, since repested
attempts were made until one of the re-
sponses in the table was obtained, Seven
of the eight replacements were made be-
cause a valid telephone number could not
be located for the selected firm. This
relatively high rate of substitution may
introduce some small bias into Stratum 2
estimates, since small, hard-to-contact
firms are underrepresented.

CHARACTERISTICS OF OCEANGOING TUGBOATS
AND THE FIRMS THAT OPERATE THEM

About 408 oceangoing tugboats operate
in the United States (Table I-D-3). More
than half of these vessels usually operate
on the open ocean out of sight of land.
Most of the rest operate coastally,
usually within sight of land. A few
vessels operate primarily in rivers or
harbors, but occasionally venture out of
sheltered waters. The survey also reached
223 vessels that operate exclusively in
rivers, harbors, sounds, and intracoastal
waterways, We excluded these vessels, and
firms that operate only such vessels, from
all further consideration and tabulation
in this appendix.

Although tughboats vary greatly, the
characteristics of most cluster around

typical values. The average net tonnage
of tugboats is 111 tons, with more than
half of all tugboats falling in the range
from 50 to 150 net tons (Table I-D-4).

Type of waters Number

of vessels
Open ocean 236
Coastal 161

Sheltered waters usually,
but sometimes on the

ocean 11
Total oceangoing 355
Harbor, river, other

sheltered 223
Not currently operated 42
Total sampled E;E

Table I-D-3. Type of Waters in Which
Tugboats Operate

Response Number
Telephone number of firm 7
not available

Knowledgeable person not 1
available

Successful interviews 15
Total 23

Table I-D-2. Disposition of Phone
Calls in the Sampling
of Stratum 2
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Net tonnage Number of
vessels

1-50 82

51-100 91

101-150 146

151-200 74

201-250 14

251-300 1 !
Total 408

Average net tonnage = 111

Table [-D-4. Net Tonnage Distribution
of Tugboats



Although a few vessels have up to 300C HP,
the horsepower of most tugboats varies
between 1000 and 3000 HP (Table I-D-5).

The tugboat fleet is relatively new: two-
thirds of all vessels have been built since
1960 (Table I-D-6). More tugboats

operate along the East and Gulf Coasts than
along the West Coast (Table L[-D-7). Since
most operate locally, aleng a single coast,
only a few run between coasts through the
Panama Canal.

Tugboats generally do not carry as much
electronic navigation equipment as do
merchant vessels (Table I-D-8). Radar,
followed by Loran-A, is the most common
piece of equipment. Tugboats also use
radio direction finders and fathometers.
The sampled tugboats have experimented
very little with either Omega or satellite
systems; because most tugboats operate so
close to the United States, they have had
almost no opportunity to use Decca.

Tughboat firms vary more than the tughoats

Year Number of
vessels
1930 - 1940 10
1941 - 1950 72
1951 - 1960 60
1961-1970 193
1971-1980 73
Total 408

Average year of construction = 1962

Table I-D-6. Year of Construction for

themselves. Some firms are small, family- Tugbeats
run businesses operating fewer than five
vessels. The giant, diversified, and inte-
grated oil companies frequently operate
Horsepower Number of Area of Employment Number of
vessels Vessels
1000 or less 94 West Coast-to-foreign 23
1001 - 2000 112 West Coast domestic 51
2001 - 30090 54 East or Gulf Coast-
to-forei
3001 - 4000 93 e &
East or Gulf Coast
4001 - 5000 35 domestic 193
5001 - 6000 13 Intercoastal-to-
forei
More than 6000 7 reten o
Unknown 7
Total 408
Total 408
Average horsepower = 2340 HP
Table I-D-7. Area of Employment for

Table I-D-5. Horsepower Distribution
of Tugbeoats

Tugboats
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Type of Equipment Percent of
fleet (%)
Radio direction finder 60
Fathometer 71
Radar 94
Omega 0
Decca 4

Satellite navigation

system 0
Loran-A 81
Loran-C 24
Other systems 13

Table I-D-8. Electronic Navigation

small numbers of vessels. Finally, the
large tugboat firms operate many vessels;
these firms are small compared to the oil
companies but large compared to the smallest
tugboat firms. To summarize, although

some firms employ thousands, most tugboat
firms are small, with under 100 employees
(Table 1-D-9}. Most firms operate fewer
than five vessels, but some operate as

many as 75 (Table 1-D-10).

EXPERIENCE WITH LORAN

Eighty-four percent of the oceangoing
tugboats carry some kind of Loran set
(Table I-D-11}. About three-fifths of
these vessels have Loran-A, one-fifth carry
Loran-A and Loran-C, and a few have only
Loran-C. Almost all of the vessels with
both Loran-A and Loran-C have A/C combina-
tion sets and are typically operated by
one of the largest tugboat firms (Table
I-D-12). The few vessels that have only
Loran-C usually have automatic sets.

Use of Loran correlates with character-
istics of the vessel and the firm. The

Equipment.

Number of Emplaoyees Number of
firms
1-10 17
11-100 19
101-200 9
201-300 4
301-400 1
401-500 8
More than 500 3
Unknown 12
Total j2

Number of Vessels Number of
firms

1-5 53

6 - 10 10

11 - 15 3

16 - 20 1
21 - 75 p
Total 72
Average Number of Vessels 6

Average Number of employees = 194
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Table I-D-9. Size of Tugboat Firms as
Measured by Number of
Employees

Table I-D-10. Number of Vessels
Operated by Tugboat
Firms



Percent of Number of 95% Confidence
vessels (%) vessels Limits on Number
of vessels
Loran-A only 59 240 231-249
Both Loran-A and Loran-C 22 92 *
Loran-C only 2 10 *
No Loran 16 66 7-25
Total 100 % 408 -
* Confidence 1imits were not calcuable
Table I-D-11. Use of Loran by Tugboats
Type of Set Percent of Number of
vessels (%) vessels
Automatic 10 10
Manual 1 1
A/C Combination 82 84
Don't know 7 7
Total 100 % 102
Table 1-D-12. Types of Loran-C Sets in Use

vessel with Loran, and particularly Loran-C, Tugboa
is usually larger and has greater horse- merchant
power (Table I-D-13). Alsc, the farther while at
from shore a vessel usually travels, the the most

ts use Loran-A very much as
ships do. General navigation
sed is the most common and also
valued use of Loran-A {Table

more likely it is to have Loran-A or I-D-16). Operators also use Loran to re-

Loran-C (Table I-D-14). Tugboats with Loran duce voyage time through accurate naviga-

are generally operated by firms with larger tion. Users feel that Loran does not per-

numbers of vessels (Table I-D-15), form as well for navigation in piloted
waters and for safety preparedness as for
other purposes.
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Horsepower

Loran Usage

loran A & C
(Percent of
Yessels) {%)

toran-C only
(Percent of
Vessels) (%)

Loran-A Only
(Percent of
Vessels) (%)

Nonuser
(Percent of
Vessels) (%)

Less than 2000 93 48 52 0

2001 - 4000 7 42 33 32

More than 4000 0 10 15 68

Total 100 % 100 100 % 100 %
¥? probability = .06

Table 1-D-13. Correlation of Loran Usage with Vessel Horsepower

Type of Waters

Loran Usage

Loran A & C
(Percent of
Vessels) (%)

Loran-C only
(Percent of
Vessels) (%)

Loran-A Only
(Percent of
Vessels) (%)

Nonuser
(Percent of
Vessels) (%)

Harbors, Rivers,

Other Sheltered 13 1 0 0

Waters

Coastal 87 39 14 0

Open QOcean -0 60 86 100

Total 100 % 160 % 100 % 100 %
y? probability = .07

Table [-D-14. Correlation of Loran Use with type of Waters Operated
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Loran Usage {Percent of Vessels) (%)

Number of Vessels Nonuser Loran-A Loran A Loran-C
Only EC Only
1-5 70 30 28 66
6-10 30 14 14 0
11-20 0 54 14 34
More than 20 0 0 45 0
Total 100 % 100 % 100 % 100 %
x? probability less than .01
Table I-D-15. Correlation of Loran Use with Number of Vessels

Operated by the Firm

Rating of Loran-A

(Percent of A-only vessels) (%}

Do Not

Use
For the Purpose of Excellent Satisfactory Poor A for Total

This

Purpase
Navigation in 23 53 9 15 100 %
piloted waters
General navigation a7 50 3 0 100 %
at sea
Safety preparedness 6 70 0 24 100 %
Reducing voyage 33 49 18 0 100 %

time

Table I-D-16. Rating of Loran-A by Operators of Vessels with Loran-A Only
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LORAN-C PLANS AND EXPECTATIONS

Most tugboats operators have already
made plans for the transition to Loran-C.
More than three-quarters of the tugboats
with just Loran-A will be converted to
Loran-C (Table I-D-17). Seventy-nine
cent of the vessels converting will be
equipped with a fully automatic Loran-C set
(Table I-D-18). Operators for most of the
other vessels have not yet decided on a
type of set, nor do they yet know the price
they will have to pay for a Loran-C set
{Table I-D-19), Those who do know generally
expect to pay between $3000 and $5000.

per-

Tugboats expect to switch to Loran-C
faster than other user groups. Almost
half of those who have decided expect to
purchase Loran-C more than six months before
the termination of Loran-A (Table 1-D-20).
Larger firms expect to switch sooner than
smaller firms (Table I-D-21].

Tugboat operators, as merchant ship
operators, do not have the same high expec-
tations for Loran-C cxpressed by commercial
fishermen and sportfishermen, Just under
half of the operators expect Loran-C to be
better than Loran-A, and approximately
an additional quarter expect Loran-C to

Percent of Number of  95% Confidence Limits
vessels (%}  vessels on Number of Vessels
Will switch to Loran-C 77 185 172-198
Will not switch 33 55 *
Don't know Q 0 *
Total 100 % 240

* Confidence 1imits not calculated

by the Termination Date of Loran-A

Kind of set Number of sets Percent of
sets (%)
Fully autcematic 190 79
A/C Combination 5 2
Manual 0] 0
Convert existing A 3 1
Don't know 43 18
Total 240 100 %
Table I-D-18. Kind of Loran-C Set Loran-A Users Intend
to Buy
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Price {$) Number of Percent
sets (%)
1000-2000 13 5
2001-3000 17 7
3001-4000 48 20
4001-5000 19 8
More than
5000 3 1
Don't know 141 59
Total 240 100%
Table I-D-19. Price Loran-A Users

Expect to Pay for
Loran-C

Percent of Number of
vessels (%) vessels
More than & 41 76
months before
A termination
Within & 47 87
months of A
termination
More than & 0 0
months after
A termination
Don't know 12 27
Total 100% 185
Table I-0-20. When Loran-A Users Expect

to Purchase Loran-(C

When Purchase Expected (Percent of Vessels ) (%)

Number of Employees Soon Near Terminaticn Late
1-100 17 50 100
101-300 17 17 0
301-500 50 33 0
More than 500 16 0 0

X probability = .21

Tabl

e [-D-21.

When Loran-C Purchase is Expected by Size of Company
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provide service equivalent to Loran-A

{(Table T-D-22). If, in addition to Loran-A . )
equipped vessels, tugboat operators have as well as Loran-A for general navigation.
any boats equipped with Loran-C, they tend

to regard Loran-C less favorably than if they

had no such experience with Loran-C (Table PROBLEIMS AND REMEDIES

I-D-23). In elaborating on this response,

some of these tughboat operators said that Tughoat coperators' major problem created
they had not found Loran-C sets that worked by the transition to Loran-C is the cost of

For the purpose of: Rating of Loran-C Compared to Loran-A (% of vessels)

C Better C the Same C Worse Don't Use Don't Total

This Know

Function
Navigation in 45 25 4 6 20 100 %
piloted waters
General navigation 49 27 4 0 20 100 %
at sea
Safety preparedness 41 23 4 11 21 100 %
Reducing voyage 46 30 4 0 20 100 %
time

Table I-D-22. Expected Usefulness of Loran-C Compared to Loran-A

Percent of Companies Expecting Loran-C to EBe
Better Than Loran-A (%)
for the Purpose of: :

Companies alse Having Companies Having No

Vessels with Leran-C Vessels with Loran-C
Navigation in piloted 40 52
waters
General navigation at 36 68
sea
Safety preparedness 20 55
Reducing voyage time 40 57

Table I-D-23. Expectations of Loran-A Users by Experience with Loran-C
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the changeover. Operators for 116 out

of 240 A-only vessels perceived the forced
transition to Loran-C as a major economic
burden (Table I-D-24). Any expense burdens
a small firm, and replacing a large number
of sets at once represents a significant
expense. Other problems mentioned included
availability of charts and the need to

retrain personnel (Table I-D-25).

Tugboat operators identified the forms
of assistance they most favored (Table
I-D-26). About half of the vessel
operators desired a longer tramnsition period
and education programs to retrain personnel.
Direct governmental financial assistance
was favored by enly about 10%. Around 15%
felt that they needed no assistance; this
percentage was much smaller among tughboat

Perception of

Number of Number of Loran-A
Forced Transition Firms

Only Vessels

Burdensome 10 1i6
Not burdensome 21 87
Don't know 7 38
Total 38 240

Table I-D-24. Perception of Economic Burden of Forced
Transition to Loran-C

Problem

Percent of Operators Percent of A-only

Who Mentioned
Problem (%)

Vessels Represented
(%)

Cost of receiver
Availability of charts
Training of personnel
Supply of receivers

Maintenance of Loran-C
receivers

Inaccuracy of Loran-C
system

Other problems
No problems expected

-~

55
29
16
11

14
18

68
29
23
12
16

18

Table I-D-25. Problems Expected by Vessel Operators During the

Transition
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Form of Assistance

Percent of
Operators Who
Mentioned (%)

Percent of
A-only Vessels
Represented (%)

Longer transition
Education programs

Governmental financial
assistance

OQther

Mo assistance needed

29
42
11

18

53
40
13

18
10

Tabie I-D-26, Assistance Desired During the Transition
Percent of Percent of
Program Operators A-only Vessels
Desiring %) Represented (%)}
Demonstrations 55 40
Workshops 34 32
Publications 60 48
Other 11 13
None desired 24 32

Table I-D-27. Education/Information Programs Desired

operators than for the merchant ship opera-

tors, When questioned specifically about
education programs, only onc-quarter

thought that they did not need them.
Publications were most favored, followed
closely by demonstrations; workshops were
less popular (Table I-D-27).

APPENDIX I-E

SURVEY OF THE OFFSHORE PETROLEUM SERVICE
INDUSTRY

Offshore petroleum exploitation, and the

attendant service vessel industry, have
grown very rapidly in this century. The

BE

first offshore wells, drilled off the
Southern California coast in the 1890s, were
often so close to shore that rock causeways

were built out to them for easy transportation

of men, equipment, and materials., But

as wells were drilled farther and farther
from shore (the first producing wells out
of sight of land were drilled in the Gulf
of Mexico in the late 1940s), an offshore
petroleum service fleet became a necessity.

This portion of Appendix I presents the
results of a survey of the marine service
fleet. The first section gives the method-
ology used. Section two describes the char-
acteristics of vessels and service vessel
companies. Section three discusses how
service vessels use Loran, and four the




plans and expectations of Loran-A users for
the transition to Loran-C. Finally, the
last section identifies the problems service
vessel operators expect to face during the
transition and the type of assistance they
would like to receive.

METHODOLOGY
Chotce of Survey Medium

We wished to chocse a survey medium that
minimized variance, bias, cost, and effort.
We eliminated the personal interview as
too expensive, The easiest medium, the
mailed questionnaire,was not expected to
give a high enough response rate to yield
unbiased results, and the more expensive
and time-consuming telephone interviews
would give a higher response rate. We
therefore decided to combine the best fea-
tures of mail and telephone media, To do
this, we mailed the questicnnaire to sample
firms, and telephoned nonrespondents after
most questionnaires had been returhed. This
procedure ensured that a large percentage
of the selected firms could be interviewed
easily and cheaply by mail. The time-
consuming telephoning was reserved for a
minority of the sample,

Questionnaire Development

We developed a short questionnaire for
mailing; branching was kept to a minimum.
Our result resembled the first part of the
merchant marine questionnaire included at
the beginning of Appendix I. Because we
could not prepare a list of vessels for the
entire industry, we included no questions
about individual vessels.

Sampiing Plan

A list of all firms operating offshore
petroleum service vessels was compiled from
three sources:

1) a yearly inventory made by Offshore
magazine (10);

2) a yearly inventory made by Jcean
Industry magazine (1); and

3} a list of firms active in transpor-
tation from Offshore Contractors
Directory (15).

Firms that did not operate U.S5.-flag vessels
were eliminated whercver possible, Ad-
dresses and telephone numbers were obtained
from the Offshore Contractors DMrectory or
from telephone information operators.

The list was then organized into four
strata based on the estimated number of
vessels operated by each company (Table
1-E.1). This stratification reduced esti-
mated variance in a population that is
heterogeneous overall but more homogeneous
within each of its strata. We hypothesized
that this situation was true for offshore
service vessels 1f they were grouped by
size. Second, stratification allowed us
to use different sampling fractions in each
stratum so that we could concentrate effort
on the strata representing the greatest
number of vessels,

We then implemented the sampling plan.
When we had drawn a random sample at the
desired rate for each stratum, we mailed the

Number of Estimated
Stratum Vessels Sampling Number of Number of
Per Firm Fraction Firms Vessels
1 1-9 .25 47 129
2 10-25 .50 26 348
3 More than 25 1.00 8 480
4 Unknown .25 33 107
Totals 114 1063

Table I-E-1. Stratification Scheme and Sampling Fraction Used

in Sampling Plan
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questionnaire to all selected firms. After
response to the Tirst mailing had diminished,
a second mailing was made to all nonrespon-
dents. Finally, when response diminished
again, each nonrespondent firm was tele-
phoned. When we had to replace a firm,

the next on the list was chosen.

Disposition of Responses

The combination of mail and telephone
sampling produced a very high response rate
in three of the four strata (Table I-E-Z).
Only in Stratum 1 was the substitution rate
high; seven out of the original 15 selected
had to be replaced, usually either because

the telephone number or address of the firm
could not be located, or because a knowl-
edgeable party would not be avatlable within
the time constraints of the survey {Table
I-E~3). 1Inability to locate a firm could
produce some bias in Stratum 1 since hard-
to-locate firms are underrepresented. Be-
cause Stratum 1 is a small percentage of the
total population of vessels, however, the
magnitude of bias should be small. The
second major group of replacements was made
because the person in the firm knowledge-
able about Loran use and Loran-C plans

was away on business or on vacation,

Since we believe failure to respond for
this reason is not related to use of Loran,

Stratum Number of Number of Number of
firms firms successful
contacted interviews
1 47 22 15
2 26 15 13
3 8 8 7
4 33 10 8
Totals 115 55 43
Table I-E-2. Number of Companies Contacted and
Interviewed in Each Stratum
Response Number of Calls
No answer after repeated attempts 2
Could not find telephone number 3
Refused to answer questionnaire 2
Knowledgeable person not available 4
Company no longer exists 1
Successful interviews 43
Total 55
Table I-E-3. Dispesition of Contacts in Sample
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no bias is produced. Only two of the 55
contacts refused to answer questions, an
encouragingly small number. The total
bias of estimates is therefore judged to
be small.

Computational Procedures

The formula used for calculating the mean
is:

nl
i=1 z Slj
j=1
where th
X..k = measurcd attribgﬁe of the k th
H vessel of the j~~ firm of the i
stratum
S, = the ngﬂber of vessels Rperated by
J the j firm of the i~ stratum
Ni = the number of firms in the ith
stratum
. . .th
n, = the number of firms in the i
stratum
W. = the stratum weight, or the ratioc of

the number of vessels in the
stratum to the number of vessels in
the population.

It is given by:
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The standard error was calculated for a
few variables that measure possession of
an attribute. In such cases, if possession
of the attribute was given the value 1 and
lack of the attribute the value 0, the
sample mean, x, is the same as the propor-

tion, p, of the population that has the
attribute. The standard error can he cal-
culated using the value p. The following
formula assumes that the sumple of cach
stratum was # random samplc of vessels
rather than a random sample of firms. The
formula used is:

1/2
4
p.{1-p.) n.
5.B. = E w, ——— (1 -
1n, N.
1 5 1
i=1 Y 7ij
j=1

To measure the precision of the mean,
standard error values were calculated to
determine 95% confidence limits, using
the formulas:

upper limit = x + 1.96 (5.L.)

X - 1.96 (S.E.)

lower limit

If the sample were drawn many times, the
mcan would be expected to fall within these
confidence limits 95% of the time.

CHARACTERISTICS OF OFFSHORE SERVICE VESSELS
AND THE. FIRMS THAT OPERATE THEM

According to the survey, there arc 1063
offshore petroleum service vessels. An
additional 143 vessels that sometimes oper-
ate as service boats were included in the
tughoat survey and are not considered here.
Thirty-eight of the 114 firms on the initial
list did not operate offshore self-propelled

vessels and were eliminated.

A number of different vessels make up the
offshore petroleum service fleet {Table
1-E-4}. The most common types are the sup-
ply vessel, the tugboat, the crewboat, and
the tug/supply vessel. Excluding combination
vessels, basic types are the crewboat, the
supply bout, the utility vessel, the tug-
boat, and the oceanographic/geophysical
vessel. Table I-E-5 gives the average
length, net tonnage, and horsepower for each
of these types, A small, relatively high-
speed vessel, the crewboat is used for
transferring personnel. The larger and
higher-horsepower supply vessel has deck
space for cargo and inside tanks for bulk
goods. The utility vessel is a small, low-
powered vessel used for maintenance and
general work, Tugs are high-horscpower
vessels used for towing. The largest boats,
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Vessel type Percent of Area Percent of
fleet (%) fleet (%)
Crew 16 Atlantic 1
Crew/Supply 3 Gulf 59
Crew/Utility 1 California 4
Supply 31 Alaska 3
Utility 1 Foreign 33
Uti1ity/Suppl 5
PP Source: E Alan Lohse, Inventory of
Tug/Towboat 29 U.5. Companies' Offehore
Petroleum and RElated Acti-
Tug/Utility 0 vity, (9, p. 25).
Tug/Supply 13
Oceanographic/ 1 Table I-E-6. Area of Employment of
Gepphysical U.S.-Flag Service Ves-
sals, 1974,
Total 100 %
Table 1-E-4. Types of Service Vessels
Operating in U.S. Waters
Vessel Type Mean Mean Mean
Length (feet) Net Tonnage Horsepower
Crew 89 46 1575
Supply 142 130 2014
Utility 91 74 994
Tug 97 114 3329
Oceanographic/ 147 - 1520
Geophysical
Source: E. Alan Lohse, Imventory of 1.S. Companies' Qffshove
Petroleum and Related Activity, (9, pp 27-28)
Table I-E-5. Characteristics of Major Vessel Types




oceanographic/geophysical vessels engage in
geophysical and seismic research and survey.

The location of Y.5.-flag vessels in 1974
is given in Table I-E-6. Because vessels
move throughout the world from year to year
in response to contracts, it would not be
accurate to eliminate vessels operating in
foreign waters in any one year as outside
the coastal confluence zone of the United
States. They could very well operate inside
this zone in the near future. This survey
therefore considers all U.S.-flag vessels
no matter where they currently operate.

The companies operating offshore ves-
sels have evolved since the industry began
to develep rapidly in the late 1940s. Many
of them began as very small proprietorships
with a few employees and a single vessel.
Since then, they have evolved into larger
companies with more vessels and a more
sophisticated approach to business,

Today, most companies have less than 500
employees, with the average being 340
employces (Table I-E-7). Because the major
0il companies have not entered the marine
service industry as they have the merchant
shipping and tugboat industries, the largest
service vessel company has only 3300 em-
ployees. Most companies operate 10 or
fewer U.S.-flag vessels; the average is
nine (Table I-E-8). A few operate over 40

vessels, however, and the largest company
operates 135, Many of these companies also
operate foreign-flag vessels.

1ISE OF LORAN

The offshore petroleum service fleet's
use of Loran is not as extensive as that of
the merchant shipping and tugboat industries.
Only 37% of the fleet has just Loran-A and
only 56% has any form of Loran at all
(Table I-E-9}. A rumber of reasons explain
this limited use of Loran. Navigation is
easy in the Gulf of Mexico, where most of
the vessels are located: the weather is
usually benign, and because the Gulf is
studded with landmarks such as offshore
petraleum platforms, dead reckoning is easy,
common, and traditional. Finally, most of
the trips made by service vessels cover
short distances. Where distances have in-
creased, use of Loran has as well.

Loran-C represents 19% of all Loran sets
in the fleet. About half of these Loran-C
sets are A/C combination and the rest are
approximately equally divided between manual
and fully automatic sets (Table I-E-10).

Service vessel operators use Loran-A
most commonly for general navigation and
to reduce voyage time and expenses through
accurate navigation., Loran-A is especially

Number of Number of
Employees Companies
1-100 44
101-500 22
501-1000 4
More Than 1000 5
Unknown 2
Total 77
Average number of employees = 340

Table I-E-7. Size of Companies as
Measured by Number of
Employees

Number of Number of
Vessels Companies
1-10 48
11-20 18
21-30 5
31-40 1
More than 40 4
Total 76
Average number of vessels = 9

Table I-E-8, Number of L.S.-Flag
Vessels Operated per
Company
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Percent of Number of 95% Confidence
Vessels (%) Vessels Limits on
Number of Vessels
Laran-A only 37 390 360-420
Both Loran-A and Loran-C 16 173 148-198
Loran-C only 3 27 14-40
No Loran 44 474 *
Total 100 % 1064
*Confidence limits not calculated

Tabte I-E-9. Use of Loran by the Offshore Petroleum Service Fleet

Type of Set Percent of Number of
Vessels {%) Vessels

Automatic 22 46
Manual 19 37

A/C combina- 57 114
tion

Don't know 2 3
Total 102 200

Table I-E-10. Types of Loran-C Sets
in Use

valuable for deploying vessels throughout
the world. All operators reported using
Loran-A for thesc purposes and about 70%
rated Loran-A excellent (Table I-E-11),
Almost all operators also reported using
Loran-A for navigation in piloted.waters,
but they were much less happy with its
performance for this purpose. About a
third of all cperators reported that they
did not usc Loran-A for safety preparedness
or to position precisely offshore cquipment.
Those who usc Loran-A for safety and posi-
tioning are less satisfied with its per-
formance in these functions than they are
with its other uses.
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LORAN-C PLANS AND EXPECTATIONS

Loran-A users reported their plans for
the Loran-A to Loran-C transition. Eighty-
four percent intend to switch whereas only
2% do not intend to switch (Table I-E-12).
Most of them will make the switch at the
time of termination (Table T-E-13). Al-
though small numbers will purchase A/C
combination sets or manual sets, most of the
vessels converted will be fitted with fully
automatic sets [Table I-E-14).

Offshore petroleum service vessel opera-
tors are more optimistic about Loran-C
than either merchant shipping or tugboat
operators (Table I-E-15). Approximately
two-thirds believe Loran-C will be more
useful than Loran-A for navigation at sea
and reduction of voyage time, They are less
optimistic about the usefulness of Loran-C
for safety preparedness and precise posi-
tioning of equipment.

PROBLEMS AND POTENTIAL REMEDIES

Offshore service vessel operators find
the transition from Loran-A to Loran-C to
be less of an economic impositien than any
other user group. Only four out of 52
comparies, representing 55 out of 390 ves-
sels, think the transition will be a major
economic burden (Table I-E-16). Because
they can pass the expense directly to their
customers, the oil companies, most firms
will not feel a burden.



Rating of Loran-A (Percent of Vessels) (%)

For the purpose of

Excellent Satisfactory Poor Do not Use Total
Navigation in 33 58 5 4 100 %
piloted waters
General navigation at 73 27 0 0 100 %
sea
Safety preparedness 31 37 0 32 100 %
Reducing voyage 71 28 0 1 100 7
time
Precise positioning 27 26 9 38 100 %
of equipment
Table I-E-11. Rating of Loran-A by Users
Percent of Loran-A Number of 95% Confidence
Only Vessels (%) Vessels Limit on Number
of Vessels (%)
Will switch 84 328 296-360
Will not switch 2 8 *
Don't know 14 54 *

* Confidence 1imits not calculated

Table I-E-12, Loran-A Only Users Intending to Switch to Loran-C

When Expect to Purchase Percent of Number of
Yessels {%) Vessels
More than & months before 17 57
termination
Within & months of termination 68 224
Don't know 15 47
Total 100 % 328
Tabie [-E-13. When Loran-A Users Intend to Buy Loran-C
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Kind of Loran-C Set Number of Sets Percent {%)

Fully Automatic 249 76
A/C Combination 56 17
Manual C 20 6
Convert Existing A 3 1
Total 328 100

Table 1-£-14. Kind of Loran-C Set Loran-A Users Intend
to Buy

Rating of Loran-C Compared to Loran-A
(Percent of Vessels ) (%)

For the Purpase of

C Better C the Same C Worse Don't Use Total
Function

Navigation in 68 31 0 1 100%
piloted waters
General navigation 68 32 0 0 100%
at sea
Safety preparedness 36 36 0 28 100%
Reducing voyage time 68 3l 0 1 100%
Precise positioning 37 23 0 40 100%

of equipment

Table I-E-15. Expected Usefulness of Loran-C Compared to Loran-A

Perception Number of Compantes Number of Loran-A
Only Vessels

Burdensome 4 55
Not burdensome 4] 300
Don't know 7 34
Total 52 390

Table I-E-16. Perception of Economic Burden of Forced
Transition to Loran-C




Operators do not believe they will face
many problems during the transition (Table
I-E-17). Forty-six percent of the firms
operating 38% of the Loran-A equipped ves-
sels expect no problems. The problems
most frequently mentioned by thosc who
do expect them are the cost and supply of
Loran-C receivers.

Large and small companies differ in
their desire for assistance during the
transition. Operating only 35% of the
vessels, a majority of small operators say
that they do not need any assistance
(Table I-E-18). 1In contrast, a smaller
number of larger companies would like to
sece a longer transition to enable them to

amortize more of their investment in Loran-
A receivers. Other kinds of assistance
users believed would be valuable were edu-
cational programs such as publications,
demonstrations, and workshops (Table I-E-19).
The greatest percentage of operators,
representing 86% of the vessels, favored
publications.

APPENDIX I-F
MARINE RECREATION
Participation in recreational boating is

growing rapidly. Increases in disposable
income, leisure time, and population

Percent of Percent of
Problem Operators (%) A-only Vessels (%)
Receiver cost 11 22
Availability of charts 9 6
Supply of receivers 11 8
Training of personnel 6 9
Other problems 15 35
No problems expected 46 38

Table I-E-17. Problems expected by Vessel Operators During the

Transition

Form of Assistance

Percent of Percent of
Operators {%) Vessels (%)

Longer transition
Education programs

Governmental financial
assistance

Other forms of assistance

None needed

23 62
9 17
4 7
1 12

62 35

Table I-E-18. Assistance Desired During the Transition
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Pragram Percent of  Percent of

Operators vessels {%)
(%)

Loran-C

demonstrations 25 47

Workshops 33 51

Publications 67 86

None needed 8 1

Table I-L-19. Education/Information
Programs Desired

all contribute to this growth. Loran usage
among recreational boaters has been in-
creasingly even faster than boating itself.
In fact, recreational boaters are by far
the largest single group of Loran users.

Despite this, recreational Loran users
are very hard to contact and difficult to
characterize. They are spread very thinly
throughout the population of all recrea-
tional boaters and so are hard to find,
Further, almost no regular relationships
exist between boater or vessel character-
istics, that is, an individual recreational
user of Loran is rarely similar to any
other.

This portion of Appendix T addresses
the recreational Loran-A user's character-
istics and Loran-C plans. Section one
presents the methodology used and its
rationale. Section two describes the re-
creational Leran-A user and three the
use of Loran in recreational boating. Fin-
ally, section four discusses uscrs' Loran-A
plans and expectations, as well as the
problems users expect during the transition.

METHODOLOGY

In preparing a sampling plan, the most
difficult element was the compilation of a
list of recreational boaters that would
allow contact of individual boaters. In
addition, the sampling procedure had to
include enough recreational Loran-A users
to permit accurate predictions of the char-
acteristics and Loran-C plans of all Loran-
A users.

A number of possible methods were avail-

able for developing a list. A 1list compiled
from boat registration or documentation
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lists for each of the coastal states would
have been expensive and time-consuming and
would have reached, on the average, only five
Loran-A users for each 1000 contacted {29,
pp- 27, 28, 56). Another possibility weuld
have been to use mailing lists of subscri-
bers to boating magazines. Although this
would have led to problems of double-
counting, since many beaters subscribe to
more than one magazine, the contacts with
Loran-A sets could have been increased to
several percent (19). However, this still
was not high enough for an efficient survey.
Since so many companies insure recreational
boats, using lists of insured boats would
have been impractical. Asking marine
clectronics dealers for customer lists was
an approach we tried and abandoned because
it was too time-consuming and becuuse many
dealers felt they could not fully cooperate.

We finally used the mcthod of compiling
the list from warranty card files of Loran-A
mapufacturers., A number of advantages
favored this method. Because almost 100%
of those contacted had Loran-A sets, we
could reach a large number of users with
relatively few contacts. Double-counting
was Teduced to essentially zero. Compared
to other methods, compilatien of this list
was relatively inexpensive and was not time-
consuming.

However, a number of disadvantages with
this method of compiling the list should be
kept in mind when evaluating results.
Using warranty card files selects from the
total population of Loran-A users only
those who return the cards. Industry
sources indicate the return rate for war-
ranty cards varies by manufacturer from
less than 10% to 70%. In addition, a
number of importers of foreign sets do not
have warranty card systems. A few manufac-
turers do not have sufficient information
on their warranty cards to make cards
useful for compiling a list. Finally,
some manufacturers declined to release the
information on their cards.

In spite of these problems, we attempted
to cobtain a representative sample in terms
of regional distribution and type of set
{Table I-F-1 and T-F-2)}, The Atlantic
Coast is underrepresented in the sample,
und the Pacific Coast is probably over-
represented. The sample is very deficient
in respondents with A/C combination sets
and imported sets.

The Test of the sampling plan was largely
determined by the characteristics of the
list. Since mailing addresses, but not
telephone numbers, were available on the



Coast Percent of
Respondents
Atlantic 34
Gulf 37
Pacific 29

Table I-F-1. Distribution of Sample

Respondents
Type of Set Percent of
Respondents
Manual 20
Semiautomatic 33
A/C Combination 3
Automatic 44

Table I-F-2. Distribution of Sample
Respondents by Type of
Loran-A Set

warranty cards, a mailed survey was chosen.
Telephoning a large number of boaters would
have been impractical. Because time was
running short, and because previous inves-
tigators' experience indicated that recrea-
tional boaters responded enthusiastically in
high volume, we decided to make only one
mailing with no subscquent sample of non-
respondents, The questionnaire was devel-
oped with this decision in mind. A copy
of the questionnaire can be found at the
beginning of Appendix I. To encourhge a
quick and sure response, we kept the
questionnaire extremely short, and the
questions unambiguous. The dispesition of
responses shows that 53% of those receiving
a questionnaire completed and returned it,
a very high response for a mailed survey
(Table I-F-3). Because we know nothing
about nonrespondents, they may differ sub-
stantially from respondents. 1If so, bias
is introduced intc estimates of population
characteristics.

THE RECREATIONAL LORAN-A USER
Number of Loran-A Sets in Recreational Use

Determining the number of recreational
Loran-A users was a difficult task. The
only estimate of this number available in
the literature was that of 45,593, given

r Questionnairethailed 419
Returned by Post Office - 45
as undeliverable

Questionnaires presumed

to have reached boater 374
Responses 199
Percent responding 53

Table I-F-3. Disposition of Responses

in the Coast Guard's 1973 nationwide

boating survey (29, p.56)., The Coast

Guard indicated that 95% confidence limits
on this estimate range from 15,574 to

74,815 (28). Because of this wide range,

the beating survey estimates were inadequate
for the purposes of this study. Further,

all other evidence indicated that the number
of recreational users is smaller than 46,000.

We therfore decided to approach the
number of recreational users indirectly.
The first step was to estimate how many
Loran-A sets had been sold in the United
States since 1970. Because of uncertain-
ties, we decided to prepare three estimates
of this value--low, high, and an intermed-
diate best value. To¢ do this, all known
manufacturers or importers of Loran-A or
A/C combination sets were asked for their
estimate of the mumber of sets they had
sold since 1970. The sum of these figures,
42,500, became the low estimate of the num-
ber of Loran-A sets sold in the United
States. Calculated by adding to the low
estimate reasonable values for the number
of sets missed through the above procedure,
the intermediate best estimate was 50,000
sets sold in the United States. The high
estimate, 60,500, was set as the highest
figure that could be reasonably supported
by all available evidence.

Our second step was to calculate the
number of known lLoran-A sets used by all
other groups. Shown in Table I-F-4, this
calculation estimates 18,700 Loran-A sets
in other than recreational use. This figure
was then subtracted from each of the esti-

mates of the number of sets sold and rounded to

to the nearest thousand to obtain three
estimates of the number of recreational
users (Table I-F-5). The best estimate of
the number of recreational users is 32,000,
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User Group Number
Commercial fishing 15,000
Merchant marine 500
Tug and towboat 300
Offshore petroleum 600
Commercial

spartfishing 1,800
Other 500
Total 18,700

Table I-F-4. Number of Loran-A Sets

also carry a fathometer (Table 1-F-8) less
common than fathometers, radio direction

Percent of
Vessels (%)

Length (feet)

Less than 26 25
26 - 40 44
41 - 64 30
65 and over 1
Total 100%

Average = 37 feet

in Uses Qther tham

Table I-F-6. Length of Recreational
Laran-A Vessels

Recreation
o Primary Type of Percent of
Low estimate 24,000 Propulsion Yessels (%)
Best estimate 32,000
High estimate 42,000 Sail 18
Inboard motor 77
Outbeard motor 5

Table I-F-5. Estimate of the Number
of Recreational Loran-A
tIsers

Characteriatics of Loran-A Users

Loran-A-equipped vessels vary in length,
type of propulsion, and kind of electronic
navigational aids carried. Medium to large
in size, most recreational boats using
Loran vary from 26 to 46 feet in length
{Table I-F-6). A quarter of the vessels,
however, measure less than 26 feet in
length, and the smallest encountered in
this survey was 19 feet. Approximately
three-quarters of the vessels are propelled
by inboard motors (Table I-F-7). Although
often supplemented by an auxiliary inboard
motor, a substantial minority of 18% list
sail as the primary power source. Only
a few of the smaller boats are powered by
outboard motors. In electronic navigational
aids, almost all boats that carry Loran-A
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Table 1-F-7. Propulsion Type of
Loran-A Vessels

Electronic Naviga- Percent of
tional Aid vessels (%)
Fathometer g3
Radar 20
Radio Direction 48
Finder

Omega 0

Table 1-F-8. Other Electronic Naviga-
tional Aids on Loran-A
tquipped Vessels




finders and radars are installed on 48% and
20% of the boats, respectively. Although

a few skippers indicated that they were
considering Omega, none had as yet installed
it.

The type of recreational activity alsec
varies. Fishing is by far the predominant
pursuit in Loran-A equipped boats (Table
I-F-9). Cruising is also popular. A few
skippers mentioned racing or other activi-
ties, such as scuba diving, as their pri-
mary boating activity.

Activity Percent of
Operators (%)

Fishing 76

Cruising 37

Racing 2

Other 3

Table I-F-9. Recreational Activities
Using Loran-A Equipped
Vessels

The average number of days a month spent
beating varies from one to 30 days (Table
I-F-10}. Most boaters spend fewer than 10
days a month boating. At the other extreme,
a very few boaters live on their vessels
and spend most of their time cruising.

A large percentage of the Loran-A-
equipped boats operate in conditions and
locations in which Loran would assist in
navigation. Most boating trips in Loran-A
equipped vessels reach a distance from shore
of between 16 and 100 miles ({Table I-F-11).
Only a few skippers regularly stay closer
than 16 miles, or usually in sight of land.
At least part of the time, a large percent-
age of boats operate under conditions of
low visibility, such as fog or darkness
(Table I-F-12). Some skippers, especially
these who go on long voyages, operate for
substantial percentages of their total
boating time in conditions of low visi-
bility.

Percent of
Vessels {%)

Number of Days

1-5 28
6-10 42
11-15 15
16-2¢ 8
21-25 4
26-30 3
Total 100%

Average = 10 days

Table I-F-10. Number of Days per
Month Spent Boating

Percent of
Vessels (%)

Distance {miles)

0-15 9
16-50 47
51-100 32

101-500 10
Maore than 500 2
Total 100%

Average = 91 miles

Table I-F-11. Distance from Shore
Reached by Loran-A
Equipped Vessels
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Percent of Percent of
Time {%) Yessels (%)
0-10 55

11-20 23
21-30 12

31-40 4
41-50 6

Total 100 %
Average = 16%

Table [-F-12. Percentage of Time
Loran-A Equipped
Vessels are Qperated
In Conditions of Low
Visibility

EXPERIENCE OF LORAN-A USERS WITH LORAN

Loran-A usage among recreational boaters
has increased very rapidly in recent years.
A very high 84% of skippers have five or
fewer years of experience with Loran-A;
the average number of years of experience
is four (Table I-TF-13). The typical
Loran-A set is even more youthful, and
averages two years old (Table I-F-14),

Because most Loran-A sets are SO New,
many users resent the necessity of retiring
a Loran-A set and buying a Loran-C set.
Although their expectations may be unreal-
istic, Loran-A users believe they can ob-
tain an average of eight years of further
service from their present sets (Table
I-F-15). Recorded in the table as ex-
pecting 10 additional years of service,

a large number of users believe that a
solid-state receiver should last indefin-
itely.

Recreational Loran-A users are very
happy with Loran-A as an aid to navigation
but are less satisfied with it for fishing
or for safety preparedness (Table I-F-16).
Seventy-five percent believe that Loran-A
is excellent for navigation, whereas only

100

Years of Percent of
Experience Skippers (%)
G-5 84

6-10 10

11-20 3

21-30 3
Total 100 %
Average = 4 years

Table I-F-13. Experience of
Skippers with Loran-A

Age of Set Percent af
{years) Vessels (%)
0-3 83

4-6 16

7-9 Q

More than 9 1

Total 1009
Average = 2 years

Table I-F-14, Age of Recreational
Loran-A Sets

55% and 57%, respectively, believe its
performance cxcellent for fishing and
safety. The rating of Loran-A for fishing
would be higher, around 63%, if those
skippers who do not fish had been eliminated
from the calculations.



Years of Additional Percent of
Life VYessels
1-5 33
6-10 56
11-15 9
16-20 2
Total 100 %
Average = 8 years

Table 1-F-15. Expected Additicnal Life
of Loran-A Sets in lse
Today

Percent of  Number of
Vessels (%) VYessels

Will switch 53 17,000
Won't switch 15 4,800
Don't know 3z 10,200
Total 100 32,000

Table I-F-17. Loran-A Users Who
Intend to Switch to
Loran-C

uncertain about switching., Seventy percent
of those who do not plan to switch give as
the reason the cost of buying a more expen-

Percent of Skippers Rating Loran-A {%)

For the Purpose of:

Excellent Satisfactory Poor Don't Use Total

This Function
Navigation 75 1 1 100%
Fishing 55 5 12 100%
Safety 57 1 12 100%

Table I-F-16. Rating of Loran-A Service

LORAN-C PLANS AND EXPECTATIONS

Recreational users are less sure about
their plans for Loran-C than some of the
other user groups. Although a slim majority
(53%) have already decided to switch to
Loran-C, a relatively large 32% do not yet
know what they will do {Tahle I-F-17).
Marginal comments and answers to other ques-
tions indicated that some of these users did
not even know Loran-A was being terminated;
others were poorly informed about overlap,
termination, and reconfiguration schedules.

Cost is the primary reason why most
skippers either will not switch or are

sive Loran-C set (Table I-F-18). Because
many of the boaters who have no plans
indicate the reason for their unccrtainty,
we can assert that cost is also the main
Teason why they are uncertain. If the
cost of fully automatic Loran-C sets were
to decline substantially, many of those
who do not plan to switch or who have no
plans would change to Loran-C.

Those whe will switch intend to buy a
variety of different kinds of sets. The
greatest segment of users, but still less
than half, will buy fully automatic sets
{(Table I-F-19), Thirty-two percent will
convert their present sets. Although our

10



Reason

Percent of
Those Not
Switching (%}

Cost of Loran-C

receiver 70

Don't need Loran 5
Resistance to Coast

Guard plans 3
Switch to some cther

navigational aid,

such as Omega 11

Qther 11

Total 100%
Table I-F-18, Reasons Some Loran-A

Users Are Not

this is still a very substantial percentage.
These convertible sets divide approximately
equally between manual sets and semiauto-
matic Loran-A sets. Few recreational users
intend to buy manual Loran-C or A/C combin-
ation sets.

The type of set users intend to buy
strongly influences the price users expect
to pay. Those who intend to convert oxist-
ing sets expect to pay $300 to $500 for
the conversion. The majority of buyers of
fully automatic sets expect to spend between
$1000 and $3000 {Table I-F-20). Compared
to buyers in other groups, recreational
users expect to spend much less on a fully
automatic set. These expectations are
unrealistic at prices in effect during the
first half of 1977. We could not tcll from
survey results whether recreational users
are poerly informed on Loran-C prices or
whether they expect prices to drop substan-
tially in the future,

Recreational boaters will switch to
Loran-C later than will other groups,
perhaps because Loran is not essential to
their occupation. Only a small percentage
expect to switch to Loran-C early (more

Switching
Type of Set Percent of Number of
Sets *
Convert existing A 8,700
Manual C 1,400
A/C Combination 500
Automatic € 16,300
Don't know 6,300
Total 27,200

* |jsing 32,000 as the number of recreational Loran-A
users

result is probably influenced by the com-
panies from which we obtained the sample,
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Table I-F-19.

Kind of Loran-C set Loran-A Users
Intend to Buy.

than six months before A termination)} (Table
I-F-21). About half expect to switch near



I-F-22). Only 40% to 50% expect Loran-C

to give better service. This reflects the

fact that Loran-A has served the needs of

Price {$) Percent of the recreational boater very well; many
Users (%) boaters feel bitter about the Coast Guard's

decision to terminate Loran-A.

0-1000 2
PROBLEMS DURING THE TRANSITION
1001-2000 27
By far the mest universal problem faced by
2001-3000 45 recreational boaters during the transition
from Loran-A to Loran-C is the cost of
3001-4000 20 buying a more expensive Loran-C set (Table
I-F-23). Because this response was un-
4001-5000 4 prompted and had to be written in by the
respondent, the importance of this problem
5001-6000 2 to the recreational user is even further

emphasized. Other prohlems mentioned by a
minority of the users include conversion of
Total 100% Loran-A readings to Loran-C signals, un-
availability of charts, and inadequate
coverage of Loran-C. Some of those mention-
ing the last problem were upset that Leoran-C

Table I[-F-20. Price Users Intend was not to have wider coverage, and others
to Pay for Fully were unaware of the Coast Guard's intention
Automatic Loran-C to reconfigure the East Coast chain and

construct the Southeast chain.

Purchase time Percent of those APPENDIX I-G
Switching to
Loran-C (%) OTHER LORAN-A USERS
The project investigators surveyed in
& months or more detail six major Loran-A user groups as
before termination 11 reported in sections A-F of this appendix.
In addition, a number of other types of
Near termination 56 civilian marine vessels use Loran-A, such as:
6 months or more Cable layers
after termination 10
Dredges
Don't know 23

Excursion vessels

Total 160 Ferries

Oceanographic research vessels

Table I-F-21. When Leran-A Users 0il drilling ships
Expect to Switch to
Loran-C 0il exploration vessels

Pile drivers

termination, 10% expect to convert more than Pilot boats
six months after termination, and almost a
quarter have not yet decided. Sail training ships
A slight majority of recreational boaters Salvage vessels
expect Loran-C to provide the same or worse
navigational service than Loran-A (Table Scuba-diving charter vessels
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Rating of Loran-C Compared to Loran-A
{Percent of Skippers) (%}

For the Purpose of C Better C the Same C Worse Don't Use Total
This Function
General navigation 39 54 6 1 100 %
Fishing 48 36 5 11 100%
Safety 43 45 3 g 100 %
Table I-F-22. Expected Usefulness of Loran-C Compared to Loran-A
Problem Percent of Skippers APPENDIX 1-H
Mentioning (%)
LORAN-C USERS
Cost of conversion 64 Collecting data on Loran-C users was not
a specified task of this project. However,
Quality of in the process of amassing data en Loran-A
equipment 3 users and interviewing manufacturers and
dealers, we obtained considerable information
Conversion of on Loran-C users. Because this information
readings 11 may be of interest and value to some readers,
we present a brief summary here.
Availability of
charts 3 Table I-H-1 presents the major Loran-C
user groups and our best estimate of the num-
Inadequate coverage 3 ber of users in each group. (See Table 1
for contrast with estimated numbers and
distribution of Loran-A users). Many of the

3500 civilian users of Loran-C in the United
States have had prior experience with Loran-A
and still have Loran-A receivers on their
vessels, We should also note that there are
at least as many additional users who have
other types of receivers capable of receiving
Loran-C signals, including Loran-A/C com-

Table I-F-23. Problems Loran-A
Users Expect to Face

During the Transition

The vessels in these categories are rela-
tively numerous, and a substantial percen-
tage use Loran-A. However, our study did
not survey them. We estimated that the
total number of Loran-A sets in use by
vessels in these unsurveyed groups is
between 500 and 1000,
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bination receivers and Loran-C receivers
employing visual acquisition.

Most U.5. Loran-C users are concentrated

in Alaskan waters south of the Alcutian
I1slands, and in the Bering Sea, and in the
Northwest Atlantic off New England.
users are almost exclusively commercial
fishermen, whereas New England users split
among commercial fishermen, commercial
sportfishermen, recreational boaters, and
other commercial users, U.S8. Loran-C
users are also found in lesser numbers in
the Mid-Atlantic regiom, Southeast, Gulf
of Mexico, and Great Lakes.

Alaskan



User Group Estimated Number of
Loran-C Users

Commercial fishing 1000
Marine commercial sport-

fishing 390
Merchant marine 50
Tug and towboat industry 10
Offshore petroleum service

vessel industry 50
Marine recreation 1800
Other 200
Total EEEEH

Table I-H-1. Estimated Number of U.S., Civilian Marine
Loran-C Users of Fully Automatic Receivers

In addition to U.S. Loran-C users noted
above, there are about 1000 other users of
commercially available, fully automatic,
Loran-C receivers. These are mainly
Canadian and overseas vessels, plus publicly
owned vessels of many different types,
operated by governmental and quasi-govern-
mental agencies in the United States. The
international tanker fleet, including both
U.S.-owned tankers of foreign registry as
well as foreign-owned tankers, forms a
significant category of Loran-C users.
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appendix Ii
the Loran receiver
manufacturing industry

This appendix presents the results of
a survey of the Loran-C receiver manufactur-
ing industry, invelving personal and tele-
phone interviews with actual and potential
domestic manufacturers and importers of
Loran-C receivers, We conducted interviews
with 19 firms bhetween December 1976 and
May 1977; telephone interviews were con-
ducted with four firms. Most information
reported here comes from responses to
questions asked during personal interviews
at the firms' U.S. headquarters. Exhibit
II-1 at the end of this appendix presents
the questions asked during these interviews.

The first section of the appendix de-
scribes the structure of the Loran manu-
facturing industry, and characterizes the
industry's size, capacity, and past and pro-
jected output. The second section describes
the past and expected future pricing, pro-
duct, and marketing policies of the industry.
The final section reports manufacturers’
suggestions concerning Coast Guard actieons
that would promote a successful transition
from Loran-A to Loran-C.

STZE, CAPACITY, AND OUTPUT

In 1977, 14 firms will manufacture
Leran-C receivers for sale in the United
States market {Table II-1). The typical
manufacturing firm is small and has a pro-
duct line limited to Loran receivers and
closely-related marine and other electronics
products. Some manufacturers, however, are
small divisions in quite large firms with
national or international reputations.

Firms vary considerably in their produc-
tion capacity of Loran-C receivers (Table
II1-1). The median firm estimated its annual
capacity at 2,000-3,000 receivers. The smal-
lest firm estimated that it could produce a-
bout 600 receivers, while the largest esti-
mated a capacity of 10,000-12,000 receivers.
Almost every manufacturer has recently ex-
panded capacity in anticipation of the ter-
minatien of Loran-A service. As a conse-
quence, the industry now has a total produc-
tion capacity of at least 20,000, and most
probably 33,000, Loran-U receivers per year.
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Industry Characteristics Low Median High
Size of Industry
Number of firms, by estimated 1977
capacity to produce receivers: Under 2,000 recrs. 5 4 3
2-5,000 recrs. 8 8 7
5,000+ recrs. 1 2 4
Total firms 17 14 14
Industry capacity in 1977 to produce
Loran-C receivers 21,000 33,000 56,000
Number of firms currently considering
entry to the industry 5
Experience in Loran-C Production
Number of firms, by years
of production experience: 0-2 years )
2-5 years 4
5+ years 4
Median years of production experience 2.5
Qutput
Cumulative industry output to June 1977
Loran-A: Convertible and A/C
Combination receivers 11,700 14,500 18,900
Other receivers 30,800 36,000 41,600
Total 42,500 50,500 60,500
Loran-C: Receivers of all types 3,500 4,500 5,000
Total 46,000 55,000 65,000
Average annual Loran-A plus Loran-C
output, 1974-1976 5,000 6,000 7,000

Table TI-1.
Manufacturing Industry

“The high estimate of industry capacity
in Table II-1 is based on survey results,
but it is not particularly credible given
the limited production experience of most
firms to date. Of course, if one or more of
the firms now considering entry did enter,
then the low and median capacity estimates
in the table would understate the 'best"
low and median estimates,

lo8

Estimated Size, Experience, Capacity, and Qutput of the Loran-C

The cumulative and annual output esti-
mates in Table II-1 (46,000-65,500 and
5,000-7,000 receivers, respectively) are
hardly impressive when compared with the
pPresent annual capacity of the industry
(21,000-33,000 receivers). However, readers
should not conclude from this comparison
that the industry has excessive capacity
at the present time. For, if Loran usage



were to grow in the future as it has in the
past, and if current Loran-A users convert
to Loran-C as the user surveys and model

in Appendix VII indicate, the demand for
Loran-C receivers will grow as shown in
Table II-2 and present excess capacity will
be almost fully utilized within two to
three years.

not perfect substitutes for one another,

and different firms charge different prices
for similar receivers. There are limits,

of course, on how the prices of similar
receivers can differ without initiating

price changes or other competitive reactions
by manufacturers of similar receivers. Loran
manufacturers recognize the mutual inter-

Table II-2.

Low Median High

Demand (thousands of receivers)

1977 - 1978 10 12 i6

1978 - 1979 16 20 31

1979 - 1980 18 25 34
Capacity Utilization (percent of 1977 industry total)

1977 - 1978 33 49 67

1978 - 1979 76 82 93

1979 - 1980 86 az 103
Sources: Professional judament and findings derived from the surveys of

Loran-A user groups and the Loran manufacturing industry.

Predicted Demand for Loran-C Receivers and Capacity Utilization

in the Loran-C Manufacturing Industry, 1977-1980.

The findings in Table II-2 are important
for two reasons: first, they demonstrate
that the Loran-C manufacturing industry
currently has sufficient capacity to meet the
demands for receivers by the existing Loran-
A user community, and second, they provide
information helpful to firms planning
production, product development, investment,
and entry to (or exit from) the industry.

PRICING, PRODUCT, AND MARKETING POLICIES

The pricing, product, and marketing
policies of the Loran manufacturing in-
dustry are in most respects typical of
those found in other imperfectly competitive
industries. Each firm produces receivers
comparable but not identical to those pro-
duced by other firms in the industry. Since
the receivers are not identical, they are

dependence that exists between their indivi-
dual actions (price selection, development
of new products, arrangements with dealers,
warranties) and those of their rival com-
petitors. As a result, the policies adopted
by firms in the Loran industry have consid-
erable similarity and stability,

Manufacturers have typically been small,
regionally specialized in terms of sales,
and have produced receivers that could be
effectively differentiated from those sold
by rivals. These conditions allowed Loran-A
manufacturers to maintain relatively stable
prices for their receivers and to engage
in other forms of competition than price.
Price differentials between similar receivers
have varied in size through time, but they
have been pervasive and persistent. Instead
of price competition, firms have competed
in the rapidly-growing Loran market by



introducing receivers with features somewhat
different from those of their rivals, by
advertising, by using national eor inter-
national distributors, and by cxpanding
their dealer networks.

In this instance, however, it would be
incorrect to project past forms of industry
conduct into the future. Loran-C manufac-
turers now expect receiver prices to decline
significantly (perhaps 25% to 50%) during
the next two years. They expect the indus-
try to compete more through price in the
near future than it has in the past.

Three reasons given in the survey support
this prediction: (1) one or more new

firms are expected to enter the industry

on a relatively substantial scale, thereby
providing new competition as they seek a
share of the market; (2) many existing
firms are developing lower-cost versions of
their present top-of-the-line receiver
{they now expect to introduce these recei-
vers at retail prices significantly below
present prices for comparable sets); and
(3) the demand for Loran-C receivers has
not grown as rapidly in the past year as
manufacturers had expected, and the typical
firm has more excess capacity than its
owners and investors had anticipated. As

a consequence, firms face pressures teo re-
duce prices and recoup the substantial
investments made to develop the Loran-C
receivers now on the market. However,
considerable uncertainty exists concerning
precisely when entry will occur, new
receivers will be introduced, and prices
will decline. Nenetheless, manufacturers
do expect that the prices of fully automatic
receivers will decrease more than those of
other types of receivers.

Very much less uncertainty surrounds
marketing policy in the industry. Firms
typically plan to expand their existing
dealer networks, reduce their dependence
on sales to particular regions, markcet
their receivers overseas if they can iden-
tify opportunities, and provide improved
receiver repair service. However, the
aggressiveness with which these policies
will be pursued varies greatly within the
industry., 1In fact, less than one-third
of the firms have truly aggressive marketing
policies at the present time.

SUGGESTIONS FOR TRANSITION FROM LORAN-A TO
LORAN-C

Loran-C manufacturers identified various

Coust Guard actions that could promote a
successful transition from Loran-A to
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Loran-C. They typically favored expanded
education and information efforts by the
Coast Guard, but they were sharply divided
over possible extension in Loran-A service,
Loran manufacturers almost unanimously be-
lieve that their communications with the
Coast Guard are less repular and less relia-
ble than they should be. Manufacturers
suggest that a Coast Guard newsletter on the
status of loran-C implementation and related
activities be published on a regular basis
until the Loran transition has been comple-
ted. The newsletter would lect them plan
more confidently and respond to questions
from users and dealers more positively.

Manufacturers also suggest that the
Coast Guard undertake an cducation and
information program directed toward those
who already use Loran-A, as well as toward
petential new users of Loran-C. They
believe that the Coast Guard is the appro-
priate organization and has the responsi-
bility to {a} publicize the benefits of
Loran-C, (b) explain how it works, {c)
identify its potential applications in
different marine activities, and (d) help
make the Loran-C system work for users in
the best possiblce way. Manufacturers are
convinced that the U.S, marine community
sericusly underestimates the range of
applications and potential benefits of
Loran-C. They further believe that the
Coast Guard can provide more credible and
consistent information to the potential
Loran-C user community than they can.

However, manufacturers are far from
unanimous concerning extensions in the
currently scheduled overlap of Loran-A
and Loran-C service. Firms that produce
convertible Loran-A and/or Loran A/C com-
bination receivers favor extension of
Loran-A service, provided that the Coast
Guard will maintain the quality of Loran-A
signals. These manufacturers recognize
that an extension would probably benefit
their own firms, but they suggest that the
Loran-A user community would also benefit
substantially from an extension of Loran-A
service,

In sharp coantrast, firms that do not
produce convertible or combination re-
ceivers argue strongly against any extension
of Loran-A service. They argue that the
user community will not be convinced of the
merits of Loran-C if the termination of
Loran-A is postponed. They assert that
an extension, or indecisiveness concerning
extension, will hurt both domestic manu-
facturers and the user community. Some
predicted that an extension would allow



Japanese manufacturers to flood the market
with inferior, leow-priced receivers, thereby
damaging a domestic industry well-prepared
to satisfy the demands of the U.S. marine
community.

EXHIBIT II-1
QUESTIONS ASKED LORAN MANUFACTURERS
Loran-A History

1. Can you briefly give me a history of
your firm's experience producing and selling
Loran-A sets? 1 am particularly interested
in establishing the retail prices charged
for sets, annual production rates, your
estimates of market sizes, and firms and
sets competitive with your own during the
past few years.

2. Could you estimate the geographical
distribution of your total sales, by type
of receiver?

3. How many Loran-A sets do you believe
are in use today in the coastal confluence
zone by U.S. citizens? (Including sets ori-
ginally produced for the government but
purchased as surplus by private citizens.)

Loran-C Experience

1. When did your firm begin production
of Loran-C or A/C receivers? What types
of receivers have been produced and sold
commercially to date? How have prices and
annual production rates changed over time?
What companies and which sets have been
your major competitors? Do you have any
published materials providing a brief his-
tory of your company and its involvement
with Loran-C?

2. What is the geographical distribution
of your firm's sales of Loran-C sets to
date?

3. How many dealers does your firm have
in each region today?

4. What instructional materials, manu-
als, brochures, and promotional campaigns
has the firm undertaken to date? Could
you provide these materials to QSU?

5. What are the expected lifetimes and
annual repair costs of the receivers
produced by your firm?

6. What percentage of total production
cost can be assigned to each component in
your sets? (Components are defined as
follows: power supply; electronics package -
receiver and signal processing unit; dis-
play unit; and case.)

7. Do you foresee development of the non-
marine market for Leran-C receivers, pro-
duct improvements, competition among
suppliers of components, or new technical
developments significantly affecting re-
ceiver costs during the next five to six
years?

Loran-C Plans

1. What de you expect your prices, sales
and capacity will be during the next few
years? When, if at all, do you intend to
introduce new receiver models? Who do
you regard to be your major competitors?
What do you expect will be the size of the
total market for Loran receivers?

2. How do you plan to finance your
planned expansion{s) in capacity and/or
new product development?

3. What share of your sales do you
expect to be to recreational boaters?
What types of sets will recreational boaters
purchase? What is the basis for these pre-
dictions? Do you have comparable predic-
tions for other classes of customers?

4. What share of the U.S. market do you
expect will be taken by foreign manufac-
turers? Which foreign companies do you
regard as major competitors? Do they have
special advantages over domestic companies?
How might thesc advantages be overcome?

5. Do you intend to market your re-
ceivers overseas? If so, where and with
what success?

6. Does your company plan to extend
its network of dealers during the next
five or six years? If so, where and at
what rate?

7. Since Loran-C receivers differ
considerably from Loran-A receivers, what
type of training program do you plan to have
for vour dealers?

8. Do you plan any special marketing

efforts, trade-in offers, etc. in the near
future?
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9. Would any of your dealers be espe-
cially worthwhile to talk with about the
user community and its Leran experience,
ete?

10, Are you presently developing, or
are about to develop, new instructional
materials, manual, brochures, etc. to
assist actual and/or potential purchasers
of your receivers? How will these materials
differ from those you have prepared in the
past?

11. What should be done to have a smooth
transition from Loran-A to Loran-C?
By whom?

12. Dec you have any recommendations or
suggestions of data sources, methods, or
literature that may be relevant or helpful
in predicting the prices and availability
of Loran-C receivers?
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appendix il
Loran-A service
operating cost

estimates

This appendix presents estimates of the
operating costs for Loran-A service, by
region and for different possible overlap
schedules for Loran-A and loran-C service,
The cost estimates are based on Coast Guard
records and special studies conducted at
Coast Guard Headquarters and Oregon State
University to estimate the minimum incre-
mentzl cost of extending Loran-A service
beyond the announced termination dates.

The estimates are not based on the simple
extrapolation of historical trends. Rather,
they explicitly allow for the impact of
prejected reductions in station personnel
because of the recent installation of new
equipment, as well as the opportunities
that exist to reduce maintenance, repair,
and other costs in the year or two imme-
diately prior to termination of Loran-A
service. Costs are expressed in 1977
prices and on the July 1 to June 30 year
basis appropriate for the benefit-cost anal-
ysis reported in this study.

COST ESTIMATES: BY TYPE, YEAR QF QPERATION,
AND REGION

This section explains the methods and
data that underlie the annual operating
cost estimates reported in Table ITI-1.

Military Pay and Allowance Expenditures:
Subhead 01

Cost Guard Headquarters provided esti-
mates of the number of commissioned officers,
warrant officers, and enlisted personnel
required to operate selected Loran-A sta-
tions in 1980(14). The estimates for
Loran-A/C stations were incremental and
reflected only the number of additional
personnel that would remain if Loran-A was
not terminated as scheduled. Headquarters
also provided the standard annual personnel
and general detail costs currently used to
prepare personnel cost estimates for the
1977-80 period.

The estimates for military pay and allow-
ances in Table I[I-1 were obtained by
aggregating the number of personnel required
to operate Loran-A stations by region and
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then valuing them at their respective
standard rates. Or, more precisely, esti-
mates were calculated with the following
formula:
wap, =2 Dyj ¥y (L + 8d))
] 1
where MAP, = annual total military pay
] and allowance costs in

region j,
n,. = number of type 1 personnel
ij -
required to operate Loran-A
in region j,

W, = standard annual personnel
cost for type i personnel,
and

gd = standard general detail

(i.c. related personnel
support) costs for type i
personnel.

Operating and Maintenance Cogts: Subhead 30

Coast Guard Headquarters provided Annual
OE Cost Reports for Loran stations from
fiscal 1960 to 1976 (12, 14). Following a
review of these reports and discussions with
Headquarters personnel, it was concluded that
operating and maintenance costs (subhead
30) in fiscal 1976 could be regarded as
representative of their probable level
during the overlap, Therefore, the esti-
mates for operating and maintenance costs
in Table ITI-1 are based principally on
cost experience at Loran stations in the
mest recent year for which cest data is
available.

The operating and maintenance cost esti-
mates for all but the last year of operation
were calculated by using fiscal 1976
subhead 30 cost data and the following
formula: ’

och.:[noch. +sgome s 55 (0.5) omc_7(1.1032

where OMC. = annual total operating and
J maintenance costs in region j
for all but the last year of
operation,

ROMC. = reported total operating and
maintenance costs for Loran-A
stations in regiom j for fiscal
year 1976,

5 = number of Loran-A stations in
region j with full complement

of enlisted personnel but no
subhead costs reported for

fiscal 1976 in the Annual OQE
Cost Report.

omc = average total operating and
maintenance cost per Loran-A
station in fiscal 1976 (=$40K),
and

s! = number of Loran-A/C and lLoran-A
stations with less than a full
complement of enlisted per-
sonnel and no reported sub-
head 30 costs in fiscal 1976.

Two comments concerning this estimation
procedure are in order. First, Headquar-
ters perseonnel and analysis of recent trends
in operating and maintenance costs sug-
gested that 1976 costs are appropriately
inflated at an annual rate of 10%. Second,
the estimated subhead 30 costs for {a)
Loran-A/C stations and (b) Loran-A statiohs
with projected 1980 personnel allowances

of only three enlisted men are set equal

to one-half of the average costs for a
Loran-A station with five to nine enlisted
men because analysis reveals a direct

and approximately proportional relationship
between staffing level and subhead 30 costs.

In the last year of operation some
(though net all) maintenance expenses would
be unnecessary. Therefore, operation and
maintenance expenditures in the final year
of Loran-A service are postulated to be 75%
of their level in earlier years.

Electronics Program Costs: Subhead 48

Electronics program costs for 25 Loran-A
stations in fiscal 1976 were $52,379, or
approximately $2,100 per station. These
costs had been increasing at an annual
rate of about 5% in recent years (12,14).
Assuming that this trend will continue,
electronic program costs are estimated to
be $2,300 per statien in 1977 prices.
(Successful completion of the Loran-A Re-
prlacement Equipment program, LARE, provides
the basis for the assumption that real costs
in subhead 42 will not increase as time
passes.) The electronics program cost
estimates in Table III-1 are the product
of $2,300 per station and the number of
Loran-A and Loran-A/C stations in each
region. Electronics program costs for
Loran-A operations at A/C stations arte
postulated to be the same as theose at
Loran-A stations_
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Shore Unit Program Costs: Subhead 42

Coast Guard Headquarters provided esti-
mates of the shore unit program costs in-
volved in one, two, and three year exten-
sions of Loran-A service in specified
regions {13). These estimates were based
on historical cost experience adjusted to
account for known major projects and ex-
pected inflation over the 1976-1984 period,
but not adjusted for the highly probable
reduction in these costs during the year
or two immediately prior to termination of
Loran-A service,

In Table III-1 the shore unit program
cost estimates for all but the Iast two
years of operation are the Coast Guard
estimates expressed in 1977 prices and on
a July 1 to June 30 year basis. Since
Headquarters personnel indicated that a 10%
inflation rate had been assumed in their
preparation of estimates by fiscal years,
these estimates were deflated by 10% per
year and then converted to the annual
basis appropriate for the benefit-cost
analysis in this study.

Following discussions with Coast Guard
personnel, the Oregon State University
research team concluded that shore unit
program costs would be substantially
lower in the final years of Loran-A station
service thamn an unqualified extrapolation
of historical cost data would imply. Some,
but net all, expenditures would be unne-
cessary in the years just before termina-
tion, Therefore, in Table III-1 shore unit
program costs in the next-to-last and last
year of operation are predicted to be
75% and 67%, respectively, of their pre-
dicted level in earlier years,

LORAN-A QPERATING COST ESTIMATES FOR AL-
TERNATIVE QVERLAP SCHEDULES

Table III-2 presents the annual Loran-A
operating cost estimates by year and region
under the alternative overlap schedules
evaluated elsewhere in this report. The
estimates are derived from the total
operating cost figures present in Table
III-1, and they provide the basis for
calculation of the incremental operating
costs of one, two, and three year exten-
sions in Loran-A scrvice.

One feature of the cost estimates in
Table II1I-2 deserves special comment. An
extension of Loran-A service increases
costs during the last two years of the
currently scheduled overlap period zs well
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as during the additional year(s) of Loran-A
service. For example, observe the increase
in costs on the East and Gulf Coasts in
1978-1979 and 1979-80 when the planned
schedule is extended by one year., As a
consequence, the incremental cost of ex-
tending the overlap of Loran-A and C service
exceeds the cost of additional vear(s) of
Loran-A service alone.



Regions

Possible West Coast

Overtap tast and West Coast and Gulf of West Coast

Schedules Year Gulf Coasts and A1l Alaska Alaska Only

Present

ScheduTe 1977-78 2,785 3,172 1,968 922
1978-79 2,628 2,918 1,799 8448
1979-80 2,489 - - -

One Year 1977-78 2,785 3,290 2,043 964

Extension

of Present 1978-79 2,785 3,172 1,968 922

Schedules  1979-80 2,628 2,918 1,799 846
1980-81 2,489 - - -

Two~Year 1977-78 2,788 3,290 2,048 964

Extension

of Present 1978-79 2,785 3,290 2,048 964

Schedules 1979-80 2,785 3,172 1,968 922
1980-81 2,628 2,918 1,799 846
1981-82 2,489 - - -

Three-Year 1977-78 2,785 3,290 2,048 964

Extension

of Present 1978-79 2,785 3,290 2,048 964

Schedute 1979-80 2,785 3,290 2,048 964
1980-81 2,785 3,172 1,968 922
1981-82 2,628 2,918 1,799 846
1982-83 2,489 - - -

Source: Table III.1

Table III-2.

Annual Loran-A station operating

cost estimates, by region

and possible overlap schedule, 1977-83 (thousands of dollars
in 1977 prices)
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appendix IV
Canada

Measuring the impact on the Canadian
mariner of the transition from Loran-A to
Loran-C is not officially part of the pre-
sent study. Yet, because of its proximity
to the United States and substantial inter-
actions in navigational service and impact
on users hetween the two countries, Canada
cannot be ignored.

At the present time, Canada operates
Loran-A, Loran-C, and Decca transmitting
stations on the east coast and Loran-A
and Loran-C stations on the west coast.
The cast coast Decca system is exclusively
Canadian. In the case of Loran-A, there are
station pairs on both coasts which are
exclusively Canadian, but full Loran-A
coverage of Canadian waters depends in
addition on Danish and United States
stations on the east coast of Canada and
on United States stations on the west
coast of Canada.

The situation with respect to Loran-C is
similarly complex. East coast Loran-C
coverage is incomplete, but service to
portions of Capadian waters is provided
by the North Atlantic and U.S. East Coast
Loran-C chains. Canada operates the Loran-C
transmitting station at Cape Race, New-
foundland, which functiens as a secondary
in both these chains. Plans call for
implementation of operatienal Loran-C
service on the west coast of Canada during
1977. Construction of the Canadian west
coast Loran-C chain is complete, and con-
sists of a master transmitting station at
Williams Lake, British Columbia, and secon-
daries at Sheal Cove, Alaska, and George,
Washington.

The lLoran service of the two countries
is interrclated and mutually dependent;
that is, Loran-A and loran-C scrvice off
Canada depend in part on signals from
U.S. transmitting stations. Conversely,
loran-A and Loran-C service off pertions of
the United States depend con signals from
Canadian transmitting stations.

Canada will soon decide what system will
be the prime marinc radionavigation system
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for Canadian waters in the coming years,

and Loran-C must be considered a strong
contender. Assuming that it is selected,
additional Loran-C transmitting stations
must be constructed: one or more on the
east coast and perhaps one on the west

coast as well. Once the Loran-C stations are
built and the expanded service begins oper-
ating there will then need to be a period of
overlapping servicc before Loran-A is ter-
minated.

It is estimated that in Canada there are
approximately 1400 civilian Loran-A
users on the east coast and 2400 on the
west coast. The problems these Canadian
users will face in converting to Loran-C
are of the same nature and degree of diffi-
culty as those facing U.S. users. The
Canadian situation is further complicated
by timing; that is, Canadian decisions and
actions on Loran-C will take place one to
three or more years later than those in the
United States.

The result is a complex, delicate situa-
tion of international import. Mariners of
both the United States and Canada are
affected. Effective Loran coordination
between the two countries is essential.
Otherwise, one or the other of two difficult
situations will eccur. On the one hand,
if the United States terminates all U.S.
Loran-A service on the present schedule,
Canadian Loran-A users, depending on their
area of operation, will lose Leran-A
service, or the quality of their service
will be detrimentally affected, and, in
either case, the length of their overlapping
service will be effectively shortened.

On the other hand, the tnited States can
selectively continue the operation beyond
the scheduled termination date of those
Loran-A transmitting stations that are
necessary to full Loran-A coverage of
Canadian waters. Such continuation would
affect the Nantucket, Massachusetts, and
possibly the Marshall Point, Maine, Loran-A
stations on the East Coast and the Point
Grenville, Washington, and Biorka, Alaska,
stations on the West Coast. Canadian users
would then continue to receive full Loran-A
service, Adjacent U.5. users, however,
would also continue to receive full or
partial Loran-A service (that is, one or
two Loran-A lines of peosition) beyond the
time at which Loran-A is terminated else-
where in the United States, and a consequent
inequity of treatment on the basis of

their proximity to Canada would result for
some U.S. users.
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Both of the above situations are unde-
sirable, and would be costly to civilian
users, In the first case, Canadian Loran-A
users would suffer, In the second case,
some U.S. Loran-A users would be treated
inequitably. Neither situation would help
a smooth transition to Loran-C.



appendix V

Loran
education program

A substantial percentage of Loran-A
users converting to Loran-C in all groups
hold incorrect expectations for Loran-C,
given the type of receiver they presently
plan to use. As an additional complicatiom,
many users also plan to delay switching
to Loran-C until the last six months of the
transition period. An education program is
needed to ensure that users' expectations
are consistent with the type of receiver
they plan to use and to even out the rate
at which users switch.

A preliminary plan for a Loran-C Educa-
tion Program was developed at a workshop
held in Chicago, Illinois, on 14 and 15
December 1976. Workshop participants were:

Daniel Panshin, Extension Oceanographer,
Oregon State Univeristy, Workshop Convener

Douglas Coughenower, Marine Education
Coordinator, University of Massachusetts

Commander Robert Dugan, Chief, Electronics
Engineering Branch, 13th Coast Guard Dis-
trict

Gary Graham, Extension Marine Fisheries
Specialist, Texas A § M University

Licutenant Commander Roger Hassard, Chief,
Electronics Branch, 8th Coast Guard District

Mark Hutton, Marine Advisory Agent,
University of Alaska

Captain William Roland, Commanding
Officer, Coast Guard Electronics Engincering
Center

Robert Shephard, Program Manager, NOAA
Marine Advisory Service

Charles Vars, Associate Professor of
Economics, Oregon State University

Commander William Walker, Chief, Loran-C

Implementation Branch, Coast Guard Head-
quarters
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The third project progress report sub-
mitted on 17 January 1977 forwarded the
preliminary education plan, and contained
an interim recommendation that this be im-
plemented as soon as possible. On 1
February 1977 the Coast Guard Chief of
Staff approved the education program and
directed that it be conducted.

The remainder of this appendix describes
the recommended Loran-C Education Program,
including minor revisions that have been
incorporated since January 1977,

OBJECTIVES

The objectives of the Loran-C Education
Program are:

1. To minimize the impact on the exist-
ing Loran-A user of the termination of
Loran-A service and conversion to Loran-C.

2. To help the user understand Loran-C
and the equipment needed to use it,

3. To help make Loran-C work for the
user in the best possible way.

4, To help the Loran-A user look forward
to the change to Loran-C {rather than to
oppose it because of inadequate or erroneous
informationl}.

SPECIFICATIONS

1. Direct the education program pri-
marily at those who already use Loran-A,
but also at those who are not currently
Loran users.

2. Address the benefits of Loran-C
as well as describe what Loran-C is and
how it works.

3. Emphasire educational efforts; only
those information and public relations
efforts that are needed te support and
reinforce a coordinated education program
should be conducted.

4. The education program for users
should be conducted by the Coast Guard and
Sea Grant but should not exclude other
appropriate participants, such as the Na-
tional Ocean Survey and the Wild Goose
Association,
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APPROACH

The Coast Guard has the responsibility
of planning, managing, executing, monitoring,
and evaluating the Loran-C Education Progranm.
The overall program wiil consist both of
projects that the Coast Guard will coenduct
as well as those that others may conduct
with Coast Guard participation or sponsor-
ship.

The primary audience for which the Loran-C
Education Program is intended is the private
marine Loran-A user, and in particular the
small business operator who uses Loran-A.
These users are most commen in the cemmer-
cial fishing and commercial sportfishing
categories, although a significant number of
small businessmen also operate in the tug/
towboat and offshore petroleum service
vessel categories. The products of this
program will also be available to recreation-
ists, operators of large businesses, and
those who do not presently use Loran-A.

A successful program will be low key;
operated at a regular and sustained level of
activity, continuing at least through 1980;
composed of multiple elements that are inte-
grated so that redundant c¢fforts may reach
the intended audience; and c¢oordinated
nationally.

The Loran-C Education Program will be
comprised of a number of specific elements:

Commandant's policy statement
Education Coordinator
Public relations contract:
Loran-C education kit
Loran-C User Handbock (revision)
Loran-C brochure
Loran-C speaker's kit
Feature articles
Radio public service announcements
Slide-tapes
Videotapes
Newsletter for manufacturers and dealers

Poster announcing Loran conversion
schedule

Loran-{ field demonstrations



Calculator conversion softwarc
Receiver buyers' guide

Bulletin: '"Ten easy steps to conversiocn
of Loran readings"

Bulletin: "Reconfiguration made easy'"

Loran-C application notes

Bulletin: "Economic aspects of Loran
conversion”

All of the individual elements detailed
above are needed and should be implemented.
Some are more critical than others, however,
in terms of their timing or their effect
on determining the probable success of other
items.

The most crucial elements in order of
priority (highest first) are:

1. Commandant's Policy Statement.
Comment: The statement endorsing the Loran-
C Education Program is necessary in order to
reinforce official Coast Guard policy and to
make available Coast Guard persennel.

2. Education Coordinator. Comment:
Without an Education Coordinator in Coast
Guard Headquarters, educational efforts will
remain fragmented and the educational
program will not be fully effective. A
single person must be designated to be
the full-time point of focus and responsi-
bility for national coordinatien.

3. Public Relations Contract. Comment:
The public relations effort and education
kit can provide proper support to those
Coast Guard district and Sea Grant persomnnel
who arc conducting local educational
programs, We strongly recommend a contract
to a competent public relations firm. An
acceptable alternative may be to assign this
task to Public Affairs in Ceast Guard Head-
quarters, but success depends on proper
commitment of people, funds, and time.

4, Newsletter for Manufacturers and
Dealers. Comment: Loran manufacturers
and dealers comprise a key audience which
has been neglected. They need regular and
reliable information on the status of
Loran-C implementation, becausc of its
impact on their own plans, because of their
important role in the adoption of Loran-C,
and because of their regular contact with
prospective Loran-C users. We recommend
an informal newsletter published on a regu-
lar schedule until the implementation of

Loran-C is complete. This recommendation
deserves high priority because manufac-
turers and dealers are affected earlier

in the transition than others, and because
this mechanism can greatly aid wise receiver
choices by users.

The estimated annual cost of the Loran-C
Education Program is $100,000-$200,000 per
vear. Many of the recommended elements
have little or no direct cost. However,
these elements can only be fully effective
as part of a total program. Individual
picces like newsletters, port meetings,
talks, and exhibits at trade shows are al-
ready being conducted here and there but
have been only partially successful:
they are haphazard in timing and location
and do not enjoy naticnzl coordinatiom.
Continuation of present efforts or imple-
mentation of only part of the education
program would be false economy.

We should also note that many of the
recommended elements have potential for
multiple use. For instance, portions of
the Loran-C Applications Notes and feature
articles will be appropriate for Te-
printing in the many Sea Grant and industry
association newsletters. Likewise,
figures developed for publications will be
suitable for reproduction as slides and
transparencies for further use in work-
shops.

The elements recommended herein are for
the Loran Education Program to take place
during calendar year 1877, The program
should be reviewed annually and modified
accordingly for following vears.
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appendix VI

search and rescue

activities

One limitation of the benefit-cost model
in Appendix VII is the omission of equations
that predict the impact of implementation
of Loran-C and termination of Loran-A on
Coast Guard expenditures for search and
rescue (SAR) activites. We made consider-
able effort to develop a methodology to
estimate and measure the relevant net
change in SAR expenditures.” This effort
was unsuccessful. Fortunately, however,
the direction of the bias introduced by
this omission can be specified.

Implementation of Loran-C and termination
of Loran-A will affect SAR activities in
three ways: (1) search expenditures in the
newly-expanded Loran coverage area will
decline, because Loran-C-equipped vessels
in distress can more accurately inform the
Coast Guard of their location; (2} search
expenditures in areas now served by Loran-A
will increase after termination because
location of vessels that have not converted
will be more difficult and costly; and
{(3) search expenditures will decrease and
the benefits of quick location will increase
as SAR forces conduct their searches more
efficiently and safely and use search
patterns superior to those used at present.
Expenditure changes (1) and (2) will vary
with the rate of conversion to Loran-C
by present Loran-A users, but the net
benefits of change (3) depend strictly on
the rate at which the Coast Guard equips7
its search craft with Loran-C receivers.

6Headquarters personnel prepared a sum-
mary of data on SAR incidents and activity
in both existing Loran-A as well as expanded
Loran-( coverage areas (13). The ¥ational
Search and Rescue Manual, various documents
prepared for the Study of Alerting and
Lovating Techniques and Their Impaet (SALTTI)
tor the coastal area, and other published
and unpublished studies for or by the
Coast Guard were reviewed (30,31). Personal
interviews were also conducted with Coast
Guard SAR personnel in San Francisco, Cal-
ifornia, Astoria, Oregon; Cape Disappoint-
ment, Washington; and Kodiak, Alaska.
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Effective Coast Guard education and in-
formation programs will tend to increase
the rate of conversion by present Loran-A
users, increase the use of Loran-C through-
out the Loran coverage area, and thereby
decrease search expenditures in hoth
existing and expanded Loran coverage areas.
As a consequence, the omission of equatiens
to predict SAR expenditures from the bene-
fit-cost model means that the net social
benefits of education and information pro-
grams are further understated.

In contrast, extension of the currently
scheduled overlap of Loran-A and Loran-C
service will postpone existing Loran-A
users' conversion and reduce the use of
Loran-C throughout the entire coverage
area during the early years of the extended
overlap. Compared to what would occur
under the present schedule, an overlap
extension will tend te increase search ex-
penditures during the overlap period and
postpone the date on which search expendi-
tures will decrease in the newly covered
areas. An extension will, of course, also
postpone the date when search expenditures
increase for locating unconverted vessels
in areas now covered by Loran-A.

Although the net effect of overlap
extensions on search expenditures would
appear indeterminant, we can specify the
factors that affect their direction and
magnitude and can draw useful conclusions.
This results because the change in search
expenditures must vary directly with
(1} the expected number of SAR incidents
in the new areas covered by Loran-C and
(2} the expected number of Loran-A users
who have not converted after termination.
We would expect search costs to decrease
if an overlap extension significantly
reduced the predicted number of Loran-A
users who would not have converted by
termination, and if the increase in inci-
dents within newly covered arcas is small,
In contrast, search expenditures could
increase if an overlap extension produced
only a small reduction in the number of
Loran-A users who do not convert by termina-
tion, and if the increase in incidents
within newly covered areas is large. In
the first instance, the ommission from this
module of equations to predict SAR expen-

7Coast Guard personnel involved with SAR
activities on a day-to-day basis persua-
sively argue that the increased benefits
and reduced costs of more efficient searches
with Loran-C-equipped Coast Guard search
craft will be very much larger than the net
effect of expenditure changes (1) and (2).
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ditures means that the net social benefits
of a short (for instance, one year) overlap
extension would be biased downward. In

the second case, however, the omission
means that net social benefits for overlap
extensions are biased upward.

These findings are important, since a
specially prepared summary of data on SAR
incidents in both existing Loran-A and
expanded Loran-C coverage areas revealed
that only 2% to 4% of SAR incidents have
recently occurred in arcag that will be
newly covered by Loran-C. In addition,
vessels involved in these incidents are
members of user groups that now plan to
convert before the termination of Loran-A.
For short overlap extensions, therefore,
they would be expected to postpone their
conversions to only a limited extent,
thereby increasing the present value of SAR
expenditures very little. As a consequence,
net social benefits estimated by the pre-
sent model will be biased downward for
short overlap extensions that significantly
reduce the number of Loran-A users who do
not convert by termination. But, for
longer extensions, the omission of SAR ex-
penditure equations from the model will
bias net social benefit estimates upward.

8Letter with enclosed SAR data from J.M,
0'Connell (13), provided the informatiaon
needed to estimate the percentage of inci-
dents that have occurred in newly covered
areas.



appendix Vil
the benefit-cost

model

This appendix specifies and describes
the benefit-cost model developed for this
study (the structure and use of the model
are broadly characterized in the main text).
In this appendix, the first section presents
the equations for each module and explains
how they are used to predict, measure, and
evaluate the benefits and costs of alter-
native Coast Guard actions. The second
section specifies the parameter values used
in the benefit-cost analysis. The final
section of the appendix explains how alter-
native Ceast Guard actions will change
parameter values in the model and thereby
affect the net private and social benefits
involved in the termination of Loran-A.

DESCRIPTION OF THE MODEL

The benefit-cost model has four modules
to predict the impact on private U.S.
Loran-A users of alternative Coast Guard
actions that could reduce the burdens
involved in the termination of Loran-A and
the conversion to Loran-C. The model is
not designed to evaluate the original deci-
sion to terminate Loran-A and implement
Loran-C, and therefore includes the benefits
of the Loran-C system to Loran-A users who
convert, but excludes the costs of operating
the Loran-C system, since these are indepen-
dent of the termination of Loran-A service,

The model consists of seven equations to
predict the behavior of Loran-A users and
11 identities to calculate the net private
and social benefits and costs associated
with alternative Coast Guard actions. We
indicate the limitations of the model! in the
discussion of each module, but show that
the model’s weaknesses do not impair its
usefulness for this study.

Retail Price Module

The Loran-C retail price module includes
two cquations designed to predict the future
prices of the typical fully automatic and
manual {i.e., less-than-fully-automatic)
Loran-C receivers:
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T 4+ Q Ino/ln 2 the probability is very low that present
(1) a_ = pa 9% _1 excess capacity will be fully utilized in
Pay R the near future.

T s Q InB/1ln 2
(2) pm, = pmo( -1 Demand Module
G The module for Loran-C receiver demand
is based on information cbtained from the
where pa., pa_ = retail price of typical surveys of Loran-A users reperted in
t? o Appendix 1. The surveys established three

fully automatic Loran-C
receivers in year t and
year o, Tespectively,

important peints: (1) all Loran-A

users will eventually cenvert te Loran-C if
the price of Loran-C sects becomes suffi-
ciently low; (2) the expected time of
purchase will vary with the length of the
overlap of Loran-A and Loran-C service and
with Coast Guard educaticon and information
activities; and (3) the typical Loran-A
user expects Loran-C to perform better than

pm , pm_ = retail price of typical
less-than-fully automatic
Loran-C receiver in year

t and year o, respectively,

= cumalati -
th—l gf Loiaifg izzzivszzcgizzs Loran-A, even if he or she plans te purchase
=0 to t-1 a less-than-fully-automatic receiver. Each
: of these findings is reflected in the equa-
) i e . Dy -1,
Q - total Loran-C receivers ions specified in Exhibit VII-1. The

forms of the equations were specified fol-
lowing a review of the relevant professional
literature (2,4,8,16, and 18). These
equations predict annual purchases of Loran-
C receivers by region.

manufacturered prior to
start of overlap period,
i.e., prior to t=o, and

a<f< 1.

The functional form and variables of
equations (1) and (2) are selected for
simplicity and consistency with {a) recent
pricing practice and (b) expectations by
the Loran manufacturing industry of future

EXHIBIT VII-1

DEMAND MODULE LQUATIONS

* = -
receiver prices. Our survey showed that (3) qa jt aj baj ra,
Loran manufacturers typically establish .
the prices of their sets with the expec- (4) am jt = fmj h ¢jtffmj mjj bmjpmt
tation that these prices will not change o1

for at least a year; therefore, the price _ .
equations postulate that prices are set (3) qajt - }\jt(qa it = g qajt) * wjt[fmj'mj)
at the beginning of each year and de not

change during the year. The survey also
revealed that, as sales increasc, manu-
facturers expect the real prices of auto-
matic Teceivers to decline relatively more (7) A
than those of manual sets, As a conse- jt
quence, the functional form selected is _ )

the same as the one associated with progress (8) ¢jt =l Cget) 0<¢jti !
functions or learning curves, and the para- (9) Y. = ¢.. -4
meter @ will be smaller than B in simu- jt jt
lations with the model.

t-1

= * _
(6) ;. Kjt {qm jt g qmjt)

1t

A(lopj; cget) OCAjti 1

except for t=o

when wjo = ¢j0

jt-1

The analysis reported in Appendix 11
provides the justification for no capacity
variables in equations (1) and (2) and
no capacity constraint elsewhere in the
model. The Loran-C manufacturing industry

where qa*.t = long-run equilibrium number of
J fully automatic Loran-C re-
ceivers demanded by existing
Loran-A users in region j, in

has excess capacity at the present time. year t,
If Loran usage were to grow in the future . .

X X . pa, = retail price of fully auteo-
as it has in the recent past, and if current t matic Loran-C receivers in
Loran-A users convert to Loran-C as the year t

»

user surveys and demand module predict,
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qm*. = long-run equilibrium number of
it less-than-fully-automatic
Loran-C receivers demanded by
existing Loran-A users in region
j in year t,

pm, = retail price of less-than-fully-
automatic Loran-C receivers in

year t,
qa;, = number of fully automatic Loran-C
J receivers purchased in region
j in year t,
qmjt = number of less-than-fully-auto-

matic Loran-C receivers pur-
chased in region j in vear t,

lop. = length of overlap of Loran-A and
Loran-C service in region j,

cge = expenditures by Coast Guard
Loran-C education and information
program in year t

AL
¢!: = adjustment coefficients for
w?t region j in year t

The first survey result implies a
dynamic adjustment process and the existence
of negatively sloped long-run equilibrium
demand curves for Loran-C receivers.
Equations (3), (4), (5), and (6) follow
common economic practice by assuming linear
long-run demand functions and a simple ad-
justment process, Sensitivity analysis at
an early stage in model construction showed
that the height of the demand curves, rather
than their curvature, materially affected
the evaluation of alternative Coast Guard
actions. Therefore, the linear form was
selected, and equation parameters were
specified very cautiously (see below for
more discussion concerning this matter).

The second point established by the user
surveys was that the adjustment process
itself must be regarded as a function of
Coast Guard actions. Therefore, X, ¢, and
¥ in equations (3} and (6) are specified
as functions of Coast Guard actions in
equations {7) and {8). No particular
functional form is postulated for equation
(6) because Loran-A user responses to survey
questions can be applied to infer the valuecs
for the coefficients under currently sche-
duled and alternative Coast Guard actions.
Equation (8) is discussed below.

Figure VII-1 depicts the relationships
discussed to this point. The long-run de-
mand curve Daj is linear, and the two paths

of price quantity pairs represent alternative
outcomes of the process of Loran-A users ad-
justing to lower Loran-C prices. The upper
path characterizes expected prices and cumu-
lative purchases of receivers with a two-
year overlap schedule. The lower path il-
lustrates the expected prices and cumulative
purchases with a three-year overlap. The
different paths reflect the survey finding
that Loran-A users will generally respond

to an extension in the overlap of Loran-A
and Loran-C service by postponing their pur-
chases of Loran-C receivers.

The third major finding from the surveys
of Loran-A users, that of the widespread
misunderstanding concerning the performance
of less-than-fully-automatic Loran-C recei-
vers, is reflected in equations (4) and (6)}.
Many survey respondents believed that less-
than-fully-automatic Loran-C receivers will
provide navigational service quite superior
to that given by Loran-A, and, in fact, that
such receivers will deliver the full perform-
ance advertised for the Loran-C system. AS
a consequence, the perceived current and
near-term long-run demand for such receivers
will exceed the long-run demand based on com-
plete information concerning receiver char-
acteristics. Over time, however, increased
infermation about Loran-C receivers and
their capabilities may be expected (1) to
reduce the gap between the currently per-
ceived and true long-run demand curves for
less-than-fully-automatic receivers and
thereby {2} to increase purchases of fully
automatic receivers,

These findings and hypotheses are illus-
trated in Figure VII-2 by the successively
smaller gaps between the perceived 'demand
curves Dm, , DM.., and Dm,., and the true
curve Dm?*?° The’ perceiveazdemand curves are
postulatgd to shift leftward over time as
potential users acquire more knowledge of
Loran-C and the Coast Guard undertakes ef-
fective educational and information efforts.
Equation (4) represents the initial gap be-
tween the perceived and true long-run de-
mands as the difference between a false in-
tercept value fm. and the true intercept m,
(see Figure VII-2), and equation (8) treat
the gap as a function of the passage of
time and Coast Guard educational and infor-
mational activity. No specific functional
relationship is specified for equation (8)
because no directly relevant empirical
studies exist to justify one form rather
than another. Therefore, alternative
forms and coefficient values were specified
after the model was programmed, and sensi-
tivity analyses were conducted. The results
cf these analyses are characterized below.
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Finally, we postulate that improved
knowledge concerning Loran-C receiver capa-
bilities will increase purchases of fully
automatic Loran-C sets. The second term of
equation (5) reflects this effect by trans-
lJating the shift in the cstimated demand
for less-than-fully-automatic receivers
into demands for and purchases of fully
automatic recelvers.

Net Private Benefits Module

The net private benefits module measures
the value of Loran-C service to existing
Loran-A users in conventional economic
fashion. Since the value of the basic
navigation, operations, and safety services
of Loran-C cannot be directly measured,
and can only be obtained if one has a
Loran-C receiver, the benefits of Loran-C
service are estimated indirectly as the net
bencfits deriving from the purchase and use
of the Loran-C receivers. More precisely,
net private benefits of Loran-C receivers
arc defined and measured here as the
difference between the maximum amount that
purchasers would pay to acquire and use
their receivers and the costs they actually
incur te purchase and use them,

The maximum amount that Loran-A users
arc willing to pay for Loran-C receivers
is reflected by the demand curves for such
receivers, These demands reveal the
valuations of the expected future streams
of services provided by Loran-C. Existing
Loran-A users are willing to purchase
Loran-C receivers only because the expected
value of the reccivers cquals or exceeds
the costs of acquiring and using them. The
marginal purchaser is indiffereant to pur-
chasing or not purchasing because his or her
expected costs (which equal the retail price
of receiver plus present discounted value
of expected future maintenance and repair
costs) match the present discounted value
of the future stream of scrvices that he or
she cexpects to obtain from his receiver; net
benefits of the purchase to him are there-
fore zero. For all other purchasers, how-
ever, net benefits are positive, for they
would be willing (though not required) to
pay more than the current retail price to
acquire and use the receivers.

The first two terms in equation (10
of Exhibit VII-2 represent the nct private
benefits of Loran-C service to existing
Loran-A users who convert and purchase
Loran-C receivers. The first term repre-
sents net bencfits for those who purchase
fully autematic receivers, while the second

term represents net benefits obtained by
those who purchase less-than-fully-auto-
matic receivers.

Although the user surveys revealed that
most Loran-A users will convert to Loran-C
by purchasing new receivers, many now plan
to do so after the termination of loran-A
service. Therefore, the third term in
cquation (10) captures the impact of ter-
mination on private Loran-A users who will
not convert before Loran-A termination and
thus will be without Loran service. This
term will be zero during the overlap of the
two Loran scrvices and positive after ter-
mination so long as some present Loran-A
users have converted.

Equations (11), (12), (14), and (15) in
Exhibit VII-2 calculate net private henefits
by type of set, region, and year according
to principles outlined above. The first
term within the brackets of equations (11)
and {12) measures the maximum amount that
buyers would be willing to pay for the re-
ceivers they purchase, while the second
term measures what they did pay.

Equations (11} and (12) differ from their
counterparts in the usual bencfit-cost
analysis in two respects. First, the bene-
fits of Loran-C service will accrue over
time, but here they are expressed in terms of
their present values in the year that the
receivers are purchased. This procedure
simplifies the calculation of benefits in a
disequilibrium situation. It is appropriate
in the context of this present policy analy-
sis, though not in others,

Second, gross benefits per year (the first
term within the brackets of cquations (11)
and (12)) are measured as the difference
in areas under successive estimates of
short-run demand curves rather than suc-
cessive estimates under the long-run demand
curve. A disequilibrium situation requires
this method because the long-run demand
curve becomes relevant for benefit measure-
ment only when all short-run adjustments
are complete and disequilibrium no longer
exists. Here the successive short-run
demand curves are estimated under the assump-
tion that the long-run demand curve reveals
the maximum amount buyers would be willing
to pay but that purchases in any given year
are randomly distributed.

Figure VII-3 illustrates the net benefit
measurement procedure described above.
Suppose that the price of receivers declined
through time as shown in Figure VII-3.
Buyers adjust to the lower prices and
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EXHIBIT VII-2

NET PRIVATE BENEFITS MODULE EQUATIONS

(10) npbjt
(11) npbajt
{12} npbmjt
(13} cncjt
(14) wa,
(15) ijt
(16) pm.jt

where npbjt
npbajt
npbmjt
cne

jt

wa

curve.

"

npbajt + npbmjt - cncjt
t t-1
[(wat i Q3 jy - W3y g E qajt) - P8, qajt]
t t-1
[(wmt z amg, - WD,y b3 am, () - pm o ]
) )
t t
féjt (Qj - g 484 - 5 am; )]
[(0.5) (a;/bay + pa,)]
[(0.5) (mj/bmj + pm'jt]]
-1
[Pmt - (bmj) [l - ¢jt] [fmJ - mj)]

net private benefits in region j in year t,

net private benefits to Loran-A users who purchasc fully
automatic Leran-C receivers in region j in year t;

net private benefits to Loran-A users who purchase less-than-
fully-automatic Loran-C receivers in region j in year t;

total cost in region j in year t to existing Loran-A users who
do not convert to Loran-C and arec without Loran service
following Loran-A termination;

willingness-to-pay of existing Loran-A users for fully auto-
matic Loran-C receivers in year t;

willingness-to-pay of existing Loran-A users for less-than-
fully-automatic Loran-C receivers 1In year t;

annual cost per user in region j in year t to existing Loran-A
users who do not convert to Loran-C and are without Loran
service following Loran-A termination (6 = ¢ during overlap,
Gjt> o after termination};

number of existing Loran-A users with nonconvertible and
other than A/C combination rececivers in region j; and

willingness-to-pay of the marginal buyer in region j in year
t after he or she understands the true value of less-than-
fullv-automatic Loran-C receivers.

gradually move toward the long-rtun demand npba.l = [(A+B+C+D-A-B) - D] =
Substituting areas labeled A, B,... ]
F in the figure for the terms they repre- npbaj2:[(A+B+C+D+E+F-A-B-C-D) - Fl =

sent in equation (11), areas A, C, and E
become graphic representations of net pri-
vate benefits as calculated in this study:

npbajo =
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Third, buyer misunderstanding concerning
the performance of less-than-fully-auto-

[¢a+B) - B] =

matic receivers requires that the benefits
from such receivers must be measured with
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estimated marginal valuations and estimated
short-run demand curves, where both of these
are derived from the true long-run demand
curve. Not benefits would in fuct be
incorrectly overestimated, if actual prices
paid and short-run demand curves estimated
from inaccurately perceived leng-run demand
curves provided the data for the measure-
ments. Here inaccurate informaticn is
postulated as uniformly distributed among
potential buyers of less-than-fully-auto-
matic receivers, and an accurate valuation
for the marginal buyer is found by estimat-
ing the maximum amount that the buyer would
be willing to pay, pm',_, from the true
long-run demand curve.- Equation (16)
specifies the formula to calculate pm', ,
and Figure VII-4 illustrates the pos;twJ
lated relationship between the market prices
of less-than-fully-automatic reccivers,
pm.. , and their true marginal value, pm‘.t,
fol periods t=0, 1. Once the true mar- ]
ginal valuation, pm'. , is inserted into

. t
equation (15}, howevér, the measurement
principles underlying equations (12) and
(15) are identical to these underlying
equations (11) and (14}.

Equation {13} is the final component of
the net private benefits module. This
equation makes the cost of being without
Loran service after Loran-A termination
dircctly proportional to the number of ex-
isting Loran-A users who do not convert to
Loran-C. The annual cost per uscr who dees
not convert, é.t, would vary between users
according to tRé alternative navigation aid
or aids each selected. No cquation to
predict G.t, is specified here because
users were unable to indicate the benefits
and costs of the alternative aid they
intend to substitute for Loran service.
Therefore, a reasonable range of values for
G.t were inserted in the model to determine
thé sensitivity of nct private benefit
estimates to variations in a module element
that, unfortunately, had to be treated as
if it were 4 parameter,

Finally, we should note that the net pri-
vate benefits module does not include
equations to e¢stimate the benefits to exist-
ing owners of convertible Loran-A, loran A/C
combination, and Loran-C reccivers of Coast
Guard activities related to termination.
Users of these receivers constitute perhaps
25% to 35% of the present Loran marine
community, a large group that would bene-
fit, in some cases substantially, from Coast
Guard programs to acquaint Loran users with
the bread range of applications for lLoran-C,
ways to cope with reconfiguration of the
East Coast chain, and others. Therefore,
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omitting benefits from Coast Guard actions
to this group means that the estimates of
net private benefits of education and infor-
mation programs are understated.

Net Sociul Benefits Module

The net social benefits module measures
the net gain or less to society that results
from the termination of Loran-A service, by
subtracting the cost of Coast Guard acti-
vities related to termination from net
private benefits calculated with equation
(10) in the immediately preceding module.

In this module, the only Coast Guard cests
considered are (1) operation, maintenance,
and repair costs for operation of Loran-A
stations during both the currently scheduled
and the extended, or longer, overlap periods
included in the benefit-cost analysis, and
(b} the costs of education and information
activities undertaken by the Coast Guard

to facilitate conversion to Loran-C.

Some Coast Guard costs are attributable
to specific activities in particular arcas;
for example, the operating costs for the
Loran-A chain or Loran-C demonstrations
along a certain coast. Net regional social
benefits would equal net private benefits
minus those costs directly attributable
to Coast Guard actions in the region. Total
social benefits fer the nation, however,
would equal the sum of regional net social
benefits minus those national Coast Guard
costs that cannot be regionally allocated.
Unallocable costs would typically include
some of those costs incurred at Coast Guard
Headquarters.

The net social benefits module therefore
includes two equations:

(17) nsbjt = nph

(18} tsbt

it - CDjt - Cejt

n

§ npbjt - Cos, - cey

where nsh. net social benefits in re-

t : L.
J gion j in year t,
co,. = total costs of operating
) Loran-A stations in region
j in year t,
ce., = total cost of education and
J information activities in
Tegion j in year t,
ts:bt = national net social benefits

in year t,



CcOSs = total unallocable costs
of operating the Loran-A
system in year t, and

ces = total unallocable costs of
education and information
activities in year t.

SPECIFICATION OF MODEL PARAMETERS

The benefit estimates in this report
arc based on parameter values specified
here. Table VII-1 presents the parameter
values required by and selected for the
retail price, demand, and net private
benefit modules, as well as the subjective
prebabilities assigned to predictions from
retail price and demand modules. Table
VII-2 presents the adjustment and learning
coefficients for the demand module, Para-
meters and probabilities have been selected
to assure that the estimated benefits of
alternative Coast Guard actions would be
realistic. However, if there is any bias
in these parameter values, it is one that
understates the estimated benefits deri-
vable from Coast Guard actions other than
those currently scheduled.

Of course, possibly a conservative ap-
proach to parameter selection and benefit
estimation could affect the ranking among
alternative actions. If this occurred,
then the parameter selection procedure
could mean that truly inferior actions
would appear more desirable than they actu-
ally arc. To determine whether this was
possible, a sensitivity analysis was con-
ducted, which showed that substitution of
parameter values less conservatively se-
lected than those in Table VII-1 would
increase the estimated benefits of the
actions reported in Table 3 of the main
text, without affecting their ranking.

Parameters for Retaill Price Module

The prices for Loran-C receivers listed
in Table VII-1 arc expected median prices
for summer 1977. Information obtained from
the survey of Loran manufacturers, as well
as current advertised prices, is recflected
in the specification of these prices.

The number of Loran-C receivers manu-
factured to June 1%77 is the high estimate
in Table II-1, Selection of the high es-
timate for the number of Loran-C receivers
(Q) is conservative because, other things
being equal, the larger the Q, the smaller
the deciine in receiver prices, and the

smaller the net benefits to the Loran-A
user who converts by purchasing a Loran-C
Teceiver.

The low and high values for o were se-
lected on the basis of the most pessimistic
and optimistic retail price predictions by
Loran-C receiver manufacturers for 1878,

The most pessimistic prediction stated that
the price of fully automatic receivers

would decline by about 20%, or to approxi-
mately $3,000. The most optimistic pre-
dictions suggested prices in the range of
$2,000-32,500. Given the demand functions
presented below, the Iow and high values

for « generate price predictions for 1978-79
{(t=1 in thc model) close to the predictions
of manufacturers. The values for B are

set at midway between ¢ and 1.0 and reflect
industry's judgment that prices of less-than-
fully-automatic receivers will decline, in
relative terms, much less than these of
fully automatic receivers. Again, theseo
values generate price predictions for Loran-
C manual receivers for 1978-79 within the
range of $800-$900 suggested by manufac-
turers,

The prebabilities assigned to price pre-
dictions from the module are discussed in
the main text.

Parameters for Demand Module

The estimated numbers of Loran-A users
who must purchase Loran-C receivers reflect
findings reported in Appendix 1 as well as
the judgment of the investigators. High
probabilities are attached to the low and
median estimates because these are based
primarily on data collected specifically
for this study. Table 4 in the main text
shows that the estimated incremental net
social benefits of Ceoast Guard actions vary
directly with the estimated number of users.
Therefore, the high probabilities assigned
to the low and median estimates mean that
the expected net benefits of Coast Guard
actions other than those currently scheduled
are estimated conservatively.

The parameters given in Table VII-1
for the demand functions are based on six
assumptions that are considered to be
valid in the long run for both regions:

{1) the demand functions for both types
of receivers are linear:

{(2) the price at which the demand for

fully automatic Loran-C receivers would be
zero is $6,000;
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Parameters, Estimates, by Characteristic

by Module Low MedTum High
Retail Price Modulae
pa, (in §) 3,700
P, {in §) 1,100
Q {no. of sets) 5,000
o 0.85 0.75 0.65
g 0.92 0.87 0.82
Probability 0.10 0.30 0.60

Demand Module
Fast and Gulf Coasts:

N 21,350 25,550 29,950
a 24,030 28,290 33,680
ba 4.00 4.712 5.62
m 8,010 9,430 11,230
fm 16,020 18,860 22,460
bm 4.45 5.24 b.24
West Coast and Alaska:
N 8,950 9,950 11,150
a 10,080 11,190 12,540
ba 1.68 1.97 2.09
m 3,360 3,730 4,180
fm 6,720 7,460 8,380
bm 1.87 2.07 2.32
Probability 0.40 0.50 0.10

Net Private Benefit Module
5 200

Table VII-1. Parameters for the retail price, demand and net
private benefits modules and the probabilities
assigned to predictions from the retail price
and demand modules
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(3) 75% of those who must purchase a
Loran-C receiver to convert would be willing
to do so by purchasing a fully-automatic-
receiver if its price were $2,000;

(4) the price at which the demand for
less-than-fully-automatic Loran-C receivers
would be zero is §1,800;

(5) with complete information concerning
the capabilities of Loran-C receivers,
25% of those who must purchase a Loran-C
receiver to convert would be willing to do
s0 by acquiring a less-than-fully-automatic
receiver if its price were $600; and

{6) with today's information on Loran-C
receiver capabilities, 50% of those who
must purchase a receiver to convert would
be willing to do so if its price were $600.

Evidence from the surveys of Loran
users suggests that these assumptiens
provide estimated demand functions, by
type of receiver and region, that are
lower and less price-elastic (i.e., less
responsive to price than the true demand
function). Loran-A users value the ser-
vices of Loran highly and would be willing
ultimately to pay higher prices than they

have previously paid for reccivers in order
o secure superior navigation. Moreover,
Loran-A users at present do not understand
well the Loran-C system or receiver capa-
bilities, and therefore perhaps half of
those who now plan to purchase less-than-
fully-automatic receivers would not do so
if they had complete information.

The implications of the demand functions
for benefit measurement deserve comment.
Because the estimated demand functions are
relatively low and price-inelastic, the
benefits of extensions in the overlap
of Laran-A and Loran-C service are smaller
than they would be with higher and more
price-elastic demand functions. Similarly,
the relatively small (25%) estimated true
demand for less-than-fully-automatic re-
ceivers means that the henefits of both
overlap extensions and an education-infor-
mation program are also small. As a conse-
quence, the net bBenefit cstimates for al-
ternative Coast Guard actions are conser-
vatively estimated by the demand functions
used in this study.

Table VII-2 presents the adjustment and
learning coefficients in the demand module.
The adjustment parameters, Ay, are hased on

Adjustment Coefficients
(At), by Region

Learning Coefficients
(¢t), by Region

West Coast East and West Coast East and

Period and Alaska Gulf Coasts and Alaska Gulf Coasts

0 0.20 0.13 0.10 0.10

1 0.43 0.30 0.30 0.25

2 0.70 0.70 0.60 0.50

4 0.10 0.10 1.00 0.85
10 0.10 0.10 1.00 1.00
Note: 1977-78 is period zero.

Tabhle VII-2.

Adjustment and learning coefficients for the demand module, by region
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information from the Loran-A user surveys

in Appendix I, The coefficients for the
first three periods come from user responses
to questions about their plans to convert

to Loran-C. The timing of conversions
predicted with the adjustment coefficients
is broadly consistent with the intentions
expressed by the Loran-A users who responded
to questions on our surveys.

The learning coefficients, ¢ _, in
Table VII-2 are based on the findings of
economists and sociologists who have
investigated the diffusion of knowledge
and innovations (7. 8, 17). This body of
research has established that diffusien
often begins slowly, then proceeds rapidly,
and finally increases at a diminishing rate.
The longer time period before termination
and the problems associated with reconfigur-
ation suggest that the learning process on
the East and Gulf Coasts will be slower and
longer than on the West Ceoast and in
Alaska. Therefore, we assume that the
learning ceoefficients have an S-shaped
pattern over a five-year period on the East
and Gulf Coasts, whereas for the West Coast
and Alaska we assume that Iearning will pro-
ceed more rapidly.

The learning coefficients in Table VII-2
are not based on empirical evidence devel-
oped specifically for this study, but,
rather, on the investigators' judgment that
the gaps between the true and perceived
demand curves for less-than-fully-automatic
receivers are substantial throughout the
country and will not disappear within one
or two years. However, noc one can assert
with great confidence precisely how long the
gaps will exist.

We believe that we are conservative in
assuming that these gaps will last two
years beyond termination. The diffusion
of knowledge concerning Loran-C will pro-
bably spread more rapidly among the Loran-A
user group. To the extent that this is
truc, the benefit estimates for Coast Guard
actions based on the postulated learning
coefficients understate the true benefits
of these actions, because the shorter the
learning period, the larger the learning
coefficients closest to the present, and
the larger will be the marginal impact of
longer overlap periods and education/infor-
mation efforts in the model.

Farameters for Net Private Benefit Module

The annual cost to existing Loran-A
users who do not convert and are without
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Loran service after termination is set at
$200 per year. The logic behind this para-
meter selection is simple: a user who does
not convert before termination, but does so
within one or two years thereafter, ini-
tially rejects and then makes an investment
that provides a service comparable to, or
better than, that provided by a less-than-
fully-automatic Loran-C receiver. This type
of user may reasonably be regarded as a
marginal beneficiary of Loran service,

and as such will derive benefits just harely
sufficient to justify the purchase of the
least expensive Loran-C receiver. Letting
the expected life of the receiver equal

six to eight years and the interest rate
faced by users 8%-10%, the annual net
benefits sacrificed by users who initially
reject conversion will be about $200 per
year.

IMPACT ON MODEL PARAMETERS OF COAST GUARD
ACTTONS

Coast Guard actions to extend the overlap
of Loran-A and Loran-C service and/or te
undertake the education/information program
suggested in Appendix V will affcct the
Loran-A user community by changing the
expected timing of their conversions to
loran-C and hy increasing their knowledge
of Loran-C receiver capabilities. These
actions, individually or in combination,
will change the adjustment and learning
coefficients in Table VII-2 as described
in this section, and therefore will affect
the private and social benefits invelved
in the termination of Loran-A.

Overlap Exlensions

Two findings from the surveys of Loran-A
uscrs provide the basis for specifying the
impact of overlap extensions on the timing
of conversions to Loran-C. The surveys
reveal that existing Loran-A users who plan
to convert in the near future typically
plan to do s0 cven if the Coast Guard would
announce an extension in the overlap peried
of Loran-A and Loran-C service. In contrast,
most users who intend to convert shortly
before or after the currently scheduled
termination would also postpone their con-
version to a date cleoser to any reset date
for termination.

The first finding implies that the ad-
justment coefficient in early vears of the
currently scheduled overlap will not change
if the overlap is extended. The second
finding, however, implies that adjustment
coefficients for later periods will be



comparable to those in early periods, but
unchanged for the periods immediately prior
and after the new termination date. The
following equations reflect these findings
and specify the impact on adjustment coef-
ficients of overlap extensions postulated
in the benefit-cost analysis:

n
-t

(19) A(oe)jt

(20) Moe); = X

i’ t-oe

jo

where A(oe).t = adjustment coefficient in
] vear t for an overlap ex-

tension of length oe in
region j;

= adjustment coefficient for
region j in year t-oe
(from Table VII-2); and

A,
j’t-oe

oe = length of overlap extension
{in years).

Education/Information Program

We predict that an education/information
program with the elements suggested in
Appendix V will (a) require time for initia-
tion and full effectiveness and (b) increase
the rate of adjustment and learning by the
Loran-A user community.- Previous research
provides supports for these predictions
(8,17}.

The following equations calculate the
impact of the education/information program
on model parameters:

It

(21) ¢(ei}jo
(22) dleily
{23) l(ei]jo

(24) A(ei)jt

(1+ 0.5

(1 + c]¢jt for t-1,2,...,n

(1+0.5)h

A, = .
(1 + &) it for t=1,2, T

where ¢(ei). and A{ei). = learning and

jt adjustmeﬁ% coefficients for

region j in year t with the
education/information program;

¢.t and l.t = learning and adjustment

J J cocfficients for region
j in year t (from Tahle
VI-2); and

5 That is, the basic relationships in
the model are naot changed by the program,
but rather an effective program is predicted
to assist and intensify them.

e = 0,10, 0.20. and 0.30, or three
alternative levels of effec-
tiveness postulated for the
education/information program.

The program is postulated to be only one-
half as effective in its first year as it
will be in later years.

Three alternative levels of effectiveness
are postulated because no such education/
information effort has previously been under-
taken in a comparable situatien. An equal
probability of 0,33 has been assigned to
each level of effectiveness postulated, and
the results reported in Tables 3 and 4 of
the main text are weighted averages calcu-
lated with these probabilities as the
weights, Table VII-3 reveals the sensi-
tivity of the results to the different levels
of effectiveness postulated.

Combined Acttons

When the education/information program is
combined with an overlap extension, the
following equations replace (23) and (24)
above and are used with (21) and {22} to
calculate the impact on model parameters
of combined Coast Guard actioms:

(25) K(oe-ei)jo (1 + 0.5}k(oe)jo

L[]

(26) K(oe-el)jo (1 + e]?\(oe]jt
where A[be—ei).t = adjustment coefficient for
J region j in year t with
an education/information
program combined with
an overlap extension of
ve years,

Table VII-4 indicates the results' sensi-
tivity to the different levels of educational
program effectiveness.

Coste of Coast Guard Actions

The costs of extending Loran-A service
beyond its currently scheduled termination
are estimated in Appendix III. Table III-2
provides the cost estimates, by region and
year, used in the benefit-cost analysis of
alternative extensions of Loran-A service.

Elements of the education/information
program are characterized and assigned cost
cstimates in Appendix V. Discussions with
Headquarters personnel led to various
refinements in those estimates. The annual
costs of the scheduled four-year program are
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estimated as follows for the benefit-cost
analysis:

1977-78 142
1978-79 123
1979-80 115
1980-81 115

These cost estimates are expressed in thou-
sands of 1977 dollars, and the year is de-
fined as 1 July - 30 June.
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Coast Guard review

DEPARTMENT OF TRANSPORTATION
UNITED STATES COAST GUARD U5 coast cuaro G-WAN

WASHINGTON. D, 20530

PHONE:(202) 426-0980

16500
11 CCary

.Dr. Daniel A. Panshin
Extension Oceanographer
Oregon State University
Corvallis, Orepon 97331

Dear Dr. Panshin:

The report TERMINATION OF LORAN-A: AN EVALUATION OF ALTERNATIVE
POLICIES is a careful analysis of a complex subject. 1 congratulate you
and your associates for the high quality of this work. You have provided
a forthright report which represents the needs and viewpeints of lLoran-A
users, balanced with an objective appreciation of the problems of the
Coast Guard and the interests of the American taxpayer.

The methodology in the analysis has been discussed separately with
your associates, and so [ will confine my comments to the eight recom-
mendations contained in the report:

Recommendation 1. Conduct the Loran-C Education Program specified in
Appendix V, This recommendation has been accepted and is presently
being implemented. I expect that the full details of the program will
be announced shortly, 1 recognize that Oregon State University has been
active for some time in an effort to help mariners make the transition
from Loran-A to Loran-C. I am sure these efforts will continue, and
will be an important complement to our own attempts to promote better
understanding of the benefits and use of Loran-C.

Recommendation 2. Extend Loran-A service for Washington, Qregon and
California one year beyond the presently scheduled termination date. We
are giving careful consideration te your recommendation to extend

Loran-A service on the West Coast. If we decide that such an extension

is indicated, we will make appreopriate recommendations to the Secretary

of Transpartation. I would like to point out, however, that our review

of this question must consider net only the costs and benefits addressed
in the report but also the effect upon other Coast Guard services to the
public if we should divert additional resources to extend Loran-A services
on the West Coast.

Recommendation 3. Develop a coordinated Loran Plan with Canada. We are
in communication with the Canadian Coast Guard, and I am confident that
a coordinated Loran plan will be developed with Canada.
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Subj: Termination of Loran-A

Recommendation 4. Do not reconfigure the Eaet Coast as presently planned.
We must disagree frankly with this recommendation. Reconfiguration in
some form, with consequent inconvenience to some Loran-C users, is
necessary to achieve complete coverage of the East Coast. The plan which
we have announced represents, in our view, the best possible ccmpromise
among conflicting considerations of short term needs and inconvenience,
and accurate Loran-C service in the long term.” The alternative suggested
in the report would reduce the inconvenience in tHe southern part of the
East Coast waters at the expense of both more serious inconvenlence in
the Northeast and marked degradation in the quality of the permanent
Loran-¢ service along much of the East Coast. Optimizing overall safe

navigation 1s a major overriding consideration in Coast Guard decision-
making.

Recommendation 5. Terminate Loran-A service at a time of vear when
marine operations in the area are at a minimum. We are considering ad-
justments to the schedule, to make the termination of Loran-A service
colneide with a period of low marime activity. T expect such adjustments
will be approved.

Recommendation 6. Ensure that nautical charts fully suppert Loran~C
service. We agree that Loran-C service must be supported adequately by
nautical charts, and we are coordinating our efforts closely with those
of other Government agencies which have a major role in their production.
Unfortunately, realization of the maximum possible accuracy for Loran-C
charts requires collecting and analyzing a rather large quantity of data
which cannot be obtained until Loran-C chains are in operation. I must
point out, however, that the Loran-C charts and services which are
available now, provide broader coverage and more accurate navigation
than Loran-A. Furthermore, the progressive improvement of Loran-C
charts will have no effect upon those users who acquire their own data
for use of Loran-C in the repeatable mode.

Recommendation 7. Publish Loran-C system specifications. We are working
with the Radio Technical Commission for Marine Services {(RTCM) to dewvelop,
for public use, specifications for the minimum performance of Loran-C
receivers. I believe that this work, representing the collective efforts
of Loran-C equipment manufacturers, the maritime users, and the Government,
will contribute to better understanding by manufacturers and users

alike. It should also improve results for users of these Loran-C receivers
since they can be "tailored” to the purpose for which they will be
purchased. The Coast Guard is alsc developing a technical specification
for the Loran-C signal.
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Subj: Termination of Loran-A

Recommendation 8, Provide two years of overlapping Loran service in

all locations. As you know, it is our intention generally to provide
two years of overlapping coverage wherever Loran-A service exists now
along the coasts of the continental United States. According to the
eriginal schedule announced in 1974, reconfigured Loran-C service would
have become available on the East Coast in 1978, two years before the
planned termination of Loran-A service in 1980, When we recognized the
difficulties which this plan would present to the significant number of
fishermen who began using Loran-C on the East Coast before the recon-
figuration, we developed and announced a compromise plan which provides
a one~year overlap of the existing and new Loran-C service along the
East Coast, beginmning in 1978. Unfortunately, along that segment of the
coast which lies between the Loran-C stations at Carolina Beach, North
Carolina and Jupiter, Florida, we can not provide the new Loran-C service
unt{l the existing East Coast chain ceases operation in 1979. If Loran-A
in this area is terminated, as scheduled, in 1980 there will be only one
year of overlap with the new Loran—C service. At the present time we
have no evidence that this shortened period of overlap would present a
hardship sufficient to justify the cost of extending Loran-A service in
this area for an additional year. We shall examine this question more
closely, however, before a final decision is made,

Finally, I wish to express my sincere appreciation to Oregon State
University for this thorough, objective study. Please include the text
of this letter in the formal printing of the report. We In the Coast
Guard look forward to the possibility of future relationships with OSU
which again will benefit the U. 5. Mariners.

Sincerely,

Ll

SILER

Admiral, 1. S. Coast Guard
Commandant

145







