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Abstract

The advantages of computer communications are presented , indicating

the speeds , accuracy , reli ability , flexibility and capacity of these systems.

Examples of size and types of communication computers are given and their

cost effectiveness estimated .

Details are given of various modes of opera tions , such as data

collection , their analysis and computation of derived products , computer-to-

computer dissem ination of gross products , further tailoring for u sers ’ need

and distribution to users .

The possibilities and needs for direct computerized communications be—

tween the ships and shore computer facilities are emphasized , utilizing

communication satellites . The flexibilities and properties of such commun-

ications are indicated and the use of the proposed system in ASW and

other naval operations is outlined .
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1. THE CAPABILITIES AND ADVANTAGES OF COMPUTERS IN COMMUNICATIONS

Every environmental property has space and time scales which describe its

distribution . As an example, a brief summary of the scales of sea surface temp-

erature changes is given in Table 1. In order to analyze meaningfully and fore-

cast the distribution of properties and their changes there must  be a sufficient

number of synoptic observations available and the density iii space and time

should correspond to the time and space scales of the changes of the proper—

ties. Some of the density of observation requirements are approximately ful-

filled for some meteorological parameters . However , for oceanographic para-

meters this density is still too sparse in most ocea n areas. Thus , many of

the oceanographic analyses and forecasts must  be derived by computation of -
• -

• the exchange processes between the atmosphere , where the driving forces

of the ocea n are located , and the sea i tself .  Thus the atmosphere and ocean

are treated as a coupled system .

The timely communications and analysis of all synoptic environmental

observations is a formidable task for manual operation . However , this task

has become possible thanks to the availability of fast electronic computers

and associated auxiliary equipment .

Besides the high speed in handling great volumes of data and computations ,

the computers also offer accuracy and reliability which is far above any sub -

Jective manual work . The computer, approach also offers obj ectivity which

eliminates personal interpretations which usually vary from worker to worker .

At the same time flexibility is provided by wise programming of multiple

choice criteria , thus eliminating human forgetfuilness. Figure 1 summarizes-•1 
-. 
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the basic characterist i cs of numerical programs of environmental analyses

and predictions as exemplIfied In FNWC systems and operations .

An array of computers , in fact any computer , can f ind  a place in the

environmental analysis. The smaller computers are usually used for high

speed communication of data and checking and sorting . Medium to large

computers are used for analyses ari d prediction purposes . In the latter

case, extended core memories are usualy required . The list of computers

used in the Naval Environmental Data Network and at FNWC is given in

another paper.

F iaure 2 i l lustrates the change in the time required for five million

meteorological computations and the cost of these computations . As can

be seen , low cost levels were achieved by 19 61 after which the downward

trends of speed and cost have slowed considerably . Figure 3 gives the

computer cost summary for rented , purchased and lease purchase approaches .

It should be noted that the computer lease prices and the lease purchase

prices have gone down considerably in the last few years ’ so that corn-

puters are now accessible to any office where considerable amount of data

handling is required .

The existing telecommunications via radio or teletype/telephorie lines

are In most cases overloaded and are very slow (50 to 120 wpm) . Computer

to computer communications via land lines or satellites has at present a

• speed of 4 , 000 to 8 , 000 wprn and can reach 25 , 000 wpm with existing

hardware . Small computers and other Inexpensive communication devices

2
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(many of which have been designed and built  at FNWC ) can be used for this

• purpose. With certain technical precautions , computer to computer commun-

ications are practically error free .

The overall cost of a computerized communication network might be high ,

however , it is shared by many users and thus by pooling resources, the cost

per unit  amount of communication is considerably lower than present con-

ventional systems.

3
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2.  MODES OF OPERATIONS

The meteorological observations are received via the Air Force Automated

Weather Network . Remote observations from European and Asiatic areas are

received at Air Force facilities in Fuchu , Japan and High Wycombe , England .

From there , they are fed to Tinker Air Force Base where western hemisphere

data is added and then the information is sent to Monterey through a high

speed computer to computer communication line with the present speed

ranging from 4 to 8 thousand words per minute .

Oceanographic data ma inly in the form of BT messages are received at

Fleet Weather Centrals and are fed via computer communications to Monterey .

Small computers are used for sorting of the data and error checking and then

the data are used for environmental analyses . After their ti~ó in synop tic

ana1,ysew~.tb~,e da~~ are usually stored in a packed form on magnetic tape

and are later utilized for climatological analyses .

After the completion of the analyses at Monterey , the analyzed fields are

transmitted via computer to computer in form of band indexes , transmitted to

tieline stations via collect and transmit (CAT units) directly plotted on Cal

Comp plotters , or distributed by teletype messages extracted from the

analysed fields .

The environmental data are converted to operational parameters partly in

• Monterey and partly at other computer centers , such as Rota , Norfolk , Pearl

Harbor and Guam . From these stations the products are transmitted to ships

via teletype or facsimile .

4
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Th is Navy Environmental Data Network is illustrated on Figure 5.

Figure 6 gives the schemes of data processing analyses and dissemination .

Whereas Figure 1 Is a genera l scheme of data flow , figure 6 describes the

U.  S. Navy Environmental Data Network in greater detail giving indications

of the types of computers and auxiliary equipment used .

There is no specific requirement that the computer products be forwarded

to the fleet as they come out of the computers . Many of the forecasting pro-

grams are still in the developmental stage and have a number of limitations

and shortcomings . Thus manual interventions and corrections are possible ,

provided that the properties of the existing program and its possible short-

comings are known by those making the modif ications subjectively.

One of the main advantages in computer communications and dissemina-

tion of the data is the high speed and big volumes of data which can be

rapidly transmitted from one place to another , circumventing the low speed ,

saturated teletype circuits and other outmoded communication systems. In

case of major conflicts some parts of the computer to computer communica-

tion systems are vulnerable and other parts are safe.  There are some limit-

ations to sending classified data from computer to computer; however , most

of the synoptic environmenta l analyses and forecasts are unclassified due

to the rapid rate of deterioration of the data with t ime.

5 
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3. TAILORING OF THE PRODUCTS, FEEDBACK FROM THE USERS AND
EVALUATION OF THE FORECASTS

The operational products derived from environmental  analyses/forecasts

• and forwarded to the ships , are tailored either in Monterey or in weather

centrals to fit  the particular requirement of the user .  One of the essential

types of tailoring is done with respect to space and time scales . The

hemispheri c analyses may be useful for certain purposes in large scale

operations . However , in small scale operations and especially in oceano-

graphic subj ects a zoomed product is desired . Figure 7 illustrates a zoomed

synoptic sea surface temperature analysis of the Grand Banks area . Although

this analysis may be accurat e at the specific time it refers to , it contains

many details which may change over a short period of time . Thus , before

such a chart is forecast on facsimile it might be generalized and smoothed

to a certain degree.

Many of the analyses and forecasts are disseminated in the form of area

messages . One of these messages is illustrated on Figure 8. This message

allow s the analyses of three environmental parameters to a general degree .

First , the numerical values of the parameters (SST , MLD and WH) are given

only at half degree latitude/ longitude intersections (ca 30 n.  miles apar t)

and secondly , the values of the parameters are truncated .

Any complex system is doomed to become obsolete in time if it does not

include a learning and improving process.Through verification and tuning of

the product such a process Is built into the numerical environmental forecast-

ing system . Good opportunities for verification are provided during Naval

6
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exercises, operations and t rans i t s  or when many ships are concentrated in

re la t ively  small  areas and those ships are mak ing  observations and comparing

the m with  the forecasts provided . When such verif icat ions are sent back to

the forecasting centers , analyses of the causes and nature of the errors can be

made and corresponding improvement  can be incorporated into the numerical

models.  An example of the verif icat ion of an outlook which was given

several weeks ahead of a given transit i s shown on Fi gure  9 .

Besides the personal communicat ions of messages and letters , it has been

found profitable for the users to make periodic vis its  to the Weather Centrals

to learn about the properties and l imitat ions  of d i f fe ren t  forecasting models

as well as the need to observe and report back specif ic  data which arc~ most

needed for improving particular forecast modeis .

7
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4. FUTURE PERSPECTIVES

A number of Improvements in communications and dissemination of environ-

mental analyses/ forecasts and their application in tactical problems can be

achieved with the available h ardware . The f i r s t  and most promising of these

improvements is the more genera l use of satellite communications from ship

to ship and vice versa . The communicatic~ s systems are illustrated in

Figure 10. As economic and other reasons will  l imit  the capabilities of the

communications equipment on smaller vessels it seems to be desirable to

designate a number of larger vessels as relay stations . These larger vessels

should be able to receive the data via satellite using high speed small ship-

board computers , In turn they can disseminate the forecasts to surrounding

vessels and receive their observations for rapid transmission to analysis

centers .

Another natura l development in oceanographic analysis/ forecasting is the

creation of broader International bases for synoptic oceanographic observa-

tions , hemispheric analys~~ and furthe r application of the oceanographic

analyses/forecasts in economical undertakings such as fishing and ship

routing . This internationalization would allow considerable savings to all

nations concerned . However , this reorganization would require the overhaul

of the present relatively outmoded WMO communication network to accommo-

• date the oceanographic observations. The interpretation and tailoring of the

product for the particular users must  obviously remain a “ closed-shop” opera-

tion for national fisheries as well as for the Navy .

There is a great need for officers in the Navy as well as fisheries to be

specially educated In synoptic oceanography and oceanographic predictions

.- -
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and analyses. It is often not sufficient to have specialized meteorologists

and oceanographers to do their work but the particular users must have some

background knowledge of the subject he is trying to apply to his particular

problem . Finally it should be noticed that many of the communications

problems are vulnerable during a major conflict . Thus , the operating

forces must be In possession of extended forecasts and climatology to be

used at the Initial stage of the conflict when communication breakdown is

expected .
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VCAP SEA 24 HR PROG FROM OOZ 19 fEB 66 SEA ENVIRON
N 75.0 74.5 74.0 73.5 73.0 72.5 72.0 71.5 71.0 70.5 70.0

420 20335 32035
415 32136 33436 33436
410 31838 33337 335 37 33337 33337
405 335 4 1 33540 33439 334 38 33339 33339
400 239 4 3 23 743 335 4 3 33442 33442 334 42 3334 2 33342
395 21045 23844 23 54 4 33544 33543 33444 33444 33444 33345 33346
390 20845 22744 23743 33544 33544 33544 33444 33545 334 46 33447 33448
385 21846 23844 33544 33544 33444 33443 33445 33447 33348 33250 33252
380 22646 33646 33446 33346 33346 33345 33347 332 49 332 51 3325 3 33151
37 5 33647 33346 33247 33249 33250 33251 33152 33153 33154 33055 33053
370 33148 33147 33150 33053 33055 33056 32956 32956 32956 32 9 58 32960
36 5 33053 32952 32955 32857 32859 32860 32860 32860 32860 32 861 32863

The first vertical column gives N latitude for every half degree ari d the

second horizontal line gives W longitude for every half degree . At the

intersection of corresponding latitudes-longitudes the five figure group

gives sea height (In code), mixed layer depth in tens of feet and sea

surface temperature In °F.

Exa mple: 39.0 N 074.5 PW

22744

2 - sea height code (WMO 75) , wave height 1/3 to 1-2/3 feet
27 - mixed layer de pth 270 feet
44 - sea surface tempe rature 44 °F

FIGURE 8. EXAMPLE OF A FORECAST MESSAGE
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