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Part 1, Summary Report, presents in concise form the results of a six-
month gtudy carried out by the Navy Technological Forecasting Study Group.
The preparation of a Navy Technological Forecast is recommended, the nature
and utility of such an effort are described, and a procedure for its accomplish-
ment is briefly presented.

Part 2, Back-Up Report, here presents much detailed supporting material,
sample forecasts, methodologies, and possible categories. It is expected that
the details covered will greatly aid those responsible for generating Navy
Technological Forecasts.

The following pages—taken from enclosed sample forecasgt material-are
omitted from this printing in order to provide an unclassified version of this
document: Pages 3-18, 3-22, 3-23, 4-15 through 4-18, 5-5. 5-%, 5-7, 6-4
through 6-7, 7-2, 7-3, and 7-4.
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CHAPTER 1
INTRODUCTION

A technological forecast describes scientific knowledge, technical capabilities, and exam-
ples of systems, subsystems, and components which science and technology can be expected to
produce over a specified time H supported by orderly programs of research and dev-lopment.
A meaningful forecast of science and technology 2s far as twenty years into the futui s will help
belter to estimate enemy technical capabilities in that time {rame and to project in more ex-
plicit terms the enemy threat which the Navy and Marine Corps may encounter. In addition, a
good forecast will help make possible the prediction of improved and radically new operational
capabilities in support of offensive and defensive naval missions, as well as assist in the co-
ordination, on a Navy-wide basis, of the current and future efforis in research, exploratory
development, and advanced development. A quality forecast is a prerequisite to suecessful
short- and long-range planning.

Although forecasting is necessarily a part of the Navy's everyday operations, it is cur-
rently done in a fragmentary manner. Technological forecasting as a science is very new, and
no formal approach to forecasting methodology has been developed.

Section 1. BACKGROUND

Following several informal meetings of representatives of the Chief of Naval Operations
{CNQ), the Chief of Naval Development (CND), the Chief of Naval Research (CNR}, and the Navy
technical bureaus, a formal Technological Forecasting Steering Committee was established by
CND with representatives from the Office of Naval Research (ONR}, the Bureau of Ships (BU'-
SHIPS), and the Bureau of Naval Waapons (BUWEPS), who, at a meeting on 11 February 1965,
recommended that a study be made %o determine the feasibility and utility of a Navy Techno-
logical Forecast (NTF}.

In its veport,* the ad hoc study group, drawn from the technical bureaus and from five
Navy laboratories in the Washineton area, concluded that the Navy would realize definite bene-
fits at all marzgement levels from application of technological forecasts to research planning,
systems development, and operational decision-making.

The study disclosed the existence of forecasting by other government agencies and indus-
try. Of prime interest to the Navy was the Air Force's ""Project Forecast' conducted in 1863,
and the Army's continuing ""Long Range Technological Forecast” initiated in 1862. Both of
these forecasting efforts are used extensively as guides in the respective Air Force and Army
long-range planning programs. Similarly, several industrial concerus use forecasting in their
R&D planning.

A technological forecast is defined as "the prediction, with a level of condidence, of a tech-
nical achievement, in a given time frame with a specified levei of support.” A technological
forecast is a tool for planning and decision-making; it is not a pian. Each achievement pre-
dicted will provide one segment of the integrated information required for directing technology
toward operational needs, for defining operational capabilities which would follow on scientific
advances, for the early selection and support of promising areas in science and technology, for
assessing the probable progress and success of a program, and for the optimum utilization of
resources. A technological forecast will make more effective the Navy technical community’s
capability to project technological advances in the development of new capabilities {or the op-
erating forces. The forecast, by indicating technical capabilities, could influence changes

*Study by Ad Hoc Group on Navy Technological Forecasting,’ 15 June 1965,
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in strategies and tactics, could promote development of innovative operational technigues, and
could aid in satisfying stated operational requirements,

The recommendations of this study were accepied by the Chiefs of Naval Development and
Naval Research, and by the Assistant Secretary of the Navy for Research and Development
[ASN(R&D}}, who requested that planaing for the implementation of the forecasting program be
faitizted.

Section 2. OBJECTIVE

A group consisting of one membe » from cach of {ive in-Louse Navy laboratories, operating
within the mission of the Advanced Concepts Branch of the Exploratory Development Division,
Headguarteis, Naval Material Command {furmeriy Offtce of Naval Material}, was formed with
a mission to formulate a plan for a Navy technological forecast. The Navy Technological Fore-
casting Study Group was convened on 1 November 1965 for a period of six months.

The major objectives of this Group were:

a. To study in greater detail the methods and techniques of forecasting employed by the
Army, Air Force, and Marine Corps, as well as those of other government agencies and indus-
trial companies, with reference to their application to the proposed Navy Technological Fore-
cast,

b. To develop a method to implement the Navy Technological Forecast to encompass the
work now peaing conducted and projected for execution under the Navy's RDT&E programs,

¢. To identily the scientific and technical input requirements of management personnel
which would be required for a meaningful forecast,

d. To design the overall structure of the forecast, the format of {ndividual forecasts, and
methods of generation, review, and publication of {orecasts,

e. To explore the several aviilable furecasting methodologies in terms of their use in
preparing Navy Technolagizal Forecasts,

f. To consider the implications of interservice forecasting.
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CHAPTER 2

APPLICATION AND UTILITY OF TECHNOLOGICAL FORECASTING

Section 1. THE PROPOSED NAVY TECHNOLOGICAL FORECAST

In the course of it8 study the Navy Technological Forecasting! Study Group surveyed the
methods and techniques of forecasting empioyed by the Army, Air Force, Marine Corps, cther
government agencies, and industrial corporations. The forecasting efforts of the Army, Alr
Force, and Marine Corps are described in Sections 4, 5, and 6, respectively, of this chapter.

On the basis of this study it is proposed that the Navy Technological Forecasting Program
should employ two complementary approaches:

a. Basic Forecast

Part1 - Scientific Opportunities
Part II - Technological Capabilities
Part I - Probable Systems Options

b. Technology Needs ldentification Studies {TENIS).

Part 1 (Scientific Opportunities) should include all research in the physical, engineering,
environmental, and life sciences, conducted under RDT&E category 6.1. The opportunities and
limitations in both nonmaterial and material-oriented research which are relevant to future
technical capabilities of the Navy and to scientific advance should be discussed. This section
of the forecast is described in detail in Chapter 4.

Part II {Technological Capabilities) should include that part of applied research and devel-
opment which is normally referred to as exploratory development {category 6.2). It should
cover a broad spectrum of research and development ranging {rom the basic technologies to
functional subsystems which are foreseen to be achievable in areas vital to the attainment of
naval technological goals. This section of the forecast is described in detail in Chapter 5.

Part 1II (Probable Systems Options) would include examples of systems which might be
provided if the capabilities described in Part Il were achieved. The examples should be brief
descriptions of such system concepts. Each description should be supported by a technical
report which describes the proposed system concept in terms of parametric characteristics
which are derived from an analysis of the several subsystem and components involved in the
concept. This section of the forecast is described in detail in Chapter 6.

The second pronosed approach to the forecast is a series of Technology Needs Identifica-
tion Studies which are similar in general outline to the Technical Workshops, but with the
prime purpose heing the identification of critical technology areas. While this TENIS apprcach
is essentially a planning procedure designed to fulfill specific needs, it provides a valuable in-
sight into supporting RDT&E capabilities and deficiencies. In each study, mission needs which
are identified by cognizant authority and translated into associated functional capabilities and
corresponding technicul requirements are forecast in detail. These forecasts-in-depth are
based on a projection of the expected technological developments and applications during the
forecast period and are conducted prior to the Workshop. The Workshops would also utilize
the principal technological forecast information that applies to that specific area. System
design parameters are defined and an analysis is made of the supporting research and devel-
opment effort required to achieve the operational objectives. This approach to the forecast is
described in detail in Chapter 7.
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Methods of imple menting the proposed Navy Technological Forecast are discussed in
Chapter 8.

Section 2. APPLICATION TO THE NAVY RDT&E PROGRAM

RDTLE pianning within the Department of the Navy is characteristically conducted as a
dialogue between the "User Interest,” represented by the Chief of Naval Operations and the
Commandant of the Marine Curps as spokesmen [or the Operating Forces, and the "Producer
Interest,” represented by the Chiel of Naval Material in speaking for the entire Naval Material
Command {(NMC). Final plans are the result of "negotiation” between the two interests. The
planning process is one continuing iterative interchange. Through this process trade-offs
should be made which will result in the maximum military capability for the Operating Forces
that are possible within the limits of the resources avaiiable to the Naval Establishment.

If the Navy is te meet its operational needs in the {future, early decisions are vital; it takes
an average of eight years to get today's technical developments into the {leet. One element on
which the necessary dialogue can be structured is a technological forecast, in which the Navy's
technical community identifies future opportunities arising {rom advances in science as weil as
capabilities which future technological developments will provide.

A meaningful forecast will assist in the projection of military policy and force structures
to meet anticipated enemy threats. It would find extensive use in:

a. Prujecting U.8. technological capabilities during the forecast periced. It would identify
advanced technologies which would permit development of systems to enhance the operational
capability and effectiveness of the Navy.

L. Providing the necessary input into a technology/capability matrix to define Exploratory
Development Goals and systems configurations to meet or exceed the projected enemy ihreat.

Scientific and technological areas which, intuitively, appear to have high pay-off not directly
responsive to the projected threat would be identified.

¢. Making better postulations of the enemy threat during the forecast period by identifying

U.S. technological capabilities which may be assumed to be within an enemy's potential. Com-

plete interpretation, understanding, and dissemination of the threat are considered to be outside
the svope of the forecast.

d. Serving senior management by presenting strengths and capabilities of Navy's scientific
and technical effurts.

By formaliring the inputs from the technical community to the definition of long-range
military capabilities, the forecast could be used in preparing the following planning documents:

a. Navy Long Range Strategic Study (NLRSS),

b. Navy Mid-Range Study (NMS},

¢. Navy Mid-Range Objectives (NMRO),

d. General Operational Requirements (GOR),

e. Exploratory Development Goals (EDG),

f. Tentative Specific Operational Requirements (TSOR),
£. Advanced Development Objectives (ADQ),

h. Specuic Operational Requirements (SOR).
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A formal forecast would provide inputs to feasibility studies at all levels in the Navy's
intelligence operational and technical communities. The forecast would make available to
the laboratories and technical offices prujections of the state-of-the-art in supporting areas
outside their immediate scientific or technical expertise, It would identify technological
areas which have high potential in sensitive development areas. A moderate improvement
in some tecimical areas, for example, can have a high impact non operational effectiveness,
whereds a large technical gain in other areas may not tmprove an operational capability.

I would also identify the extent of interdependence of the various technical disciplines and
areas in which component developments are compalible or augment one another. When more
than one function contributes to an end-item development, a reasonable forecast can be em-~
ployed to determing the relative burden on the projected state-of-the-art in each contributing
area. Hence, the projected furecast would be valuable in preparing Proposcd Technical
Approaches (PTA) and Technical Development Plans {TDP).

The generation uf the proposed Navy Techmuiogicat Forecast {NTF) weuld be the respon-
sibility, primarily, of the various in-house laboratories, It is anticipated that in its preparation
attention would he directed, not to linear extrapolation of current programs, but o all military
areas Of scientific and technical expertise.

The NTF, being generated by laboratory personnei, would strengthen the luboratories’
planning functions by encouraging longer-range projections of scientific and technical capabili-
ties and would provide greater communication with higher-echelon planners. Fluctuations in
program planning and funding can be reduced by having better predictions which would improve
operational capabilities based on anticipated advances in technology.

The NTF would stimulate an increased dialogue among the members of the Navy's techni-
cal community. The crnss-fertilization by workers in the various areas of science and t=ch-
nology will tend tc improve each participant's technical competence.

The NTF would also provide a means of recording new technological concepts which may
not have immediate end-use but would have potential at a later date.

Each of Chapters 4, 5, 6, and 7 herein is addressed to the particular group that develops
thiat section of the NTF. As a result there is some redundancy in the text of these sections.

Section 3. UTILITY OF THE PROPOSED NAVY FORECAST

Specific comments on the utility of the proposed NTF were made by representatives of the
Chief of Naval Operations, the Marine Corps, the Naval Material Command, the Ship Systems
Command (formerly BUSHIPS), and Ordnance Systems Command {{ormerly Dart of BUWEPS).
These are sumrmarized as follows:

a. SOURCE: CNO (OP-093) RADM G. H. Miller, Director, Long Range Objectives Group,
letter dated 1 March 1966

“The proposed forecast will identify the current and expected levels of capability for
each area of technology. It will also identify alternate combinations of technulogies applicable
to future naval systems, as well as levels of future capability that can be expected to derive
from these technological expectations. As a technical appraisal of the present and projected
'state-of-the-art,’ the proposed forecast should provide a much better understanding of the
feasibility of particular objectives and of the time {rame in which they may be realized. Not
only will this information be pertinent to the Navy Long Range Strategic Study (NLRSS), it will
also serve in the development of Navy Mid- Range Objectives (MRO) which include guantitative
statements of force levels in a period 10 to 15 years in the future. The availability of possible
system concepts will permit refined statements of task requirements and force level objectives
which are not now achievable. The forecast may make it poussible for the MRO to be more
specific in the establishment of objectives in terms of systems. Of singular importance would
be the availability in a single source ot dita now often difficult to obtain or whose adequacy
may be questioned.




2-1

b. SOURCE: -RIGEN E. E. Anderson, Deputy Chief of Staff, RD&S, Marine Corps letter
dated 2 March 1366

YA Navy Department technological torecast embracing the scientific and technical areas
of titerest of both the Navy and the Marin» Corps would provide the Marine Corpe with another
source of direction and guidance for its research and develupment program.” It would assist
the Marine Corps tu identify desirable weapons, transportation, logistics, and other systems
which could be developed in the immediate and near future and th:ose which require additional
basic research and/or exploratory development efforts. In short, such a forecast could provide
2 state-of-the-art timetable for the realization of the Marine Corps' Long Range Plan and Mid-
Range Objectives.

""The state-of-the-art timetable should provide a basis which would assist the Marine
Corps to develop new concepts involving tactics and techniques, and the organizational changes
needed to implement them, t¢ conduct future amphibious operations or to improve and refiie
current landing force concepts.

""Specifically, the forecast should permit the Marine Corps to identify more clearly and
then pursue, in 3 meaningful manner, those programs which will either replace current weap-
ons and equipment, or {ill in the gaps which now cbtain, in transport and combat aircraft assault
and support amphibians, marginal terrain vehicles, command and control, air defense, target
acquisitions, navigation and position location, power sonrces, logistics and materials handling.

"'The forecast would enable the Marine Corps to procure more meaningful requirements
statements (EDR, ADO, GOR, and SOR).

"In evaluating contractor proposale for exploratory and advanced development work,
responsible agencies and their evaluation teams could use the forecast as a source of valuable
{nformsation and guidance."

¢. SOURCE: NAVMAT (MAT 311) CDR H. W, Merritt, Head, Requirements and Analysis
Branch

Exploratory Development Goals {(EDGs) are prepared to quantitatively express levels of
performance {or operational activities for the period 15 to 20 years hence. As goals, the EDGs
are intended to influence technical develecpment such that sound trade-off decisions can be made
and a sound base can be provided for the development of hardware and weapons systems neces-
sary to meet user objectives of this time period.

"In preparing EDGs, technological forecasts will be utilized in the following ways:

"1. In performing a parametric analysis of the various operational situations, levels of
performance are established for one set of parameters from which values for the parameters
under question are derived Projections of technology are required to establish the initial set
of performance levels. Such furecasts are also necessary to adjudge the attainability of the
derived performance levels. By using technological forecasts in this manner, it can be deter-
mined that the goals are either technically achievable, or that the users' operational capability
objectives require a technological breakthrough.

"'2. The postulation of a plausible threat as guidance for research and development is
an OPNAYV responsibility. Such a postulation requires a projection of expected technical ad-
vances, an assessment of emphasis in any given technical area, and a judgment of relative
progress in technologies between ourselves and an enemy. The thoroughness with whicbh a
hreat projection is prepared by CNO determines the extent to which the Reguirements Anai-
yeis Branch (MAT 311), Naval Material Command, must compensate by incorporating tech-
nological forecasts in a postulatzd threat.

*'3. During preparation of the EDGs, trade-ofis between operational capabilities can be
identified. The practicality of making such a trade-off, the relative technical difficulty and the
relative burden to be put on the factors being traded are all considerations requiring the use of
a technological forecast.”
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d. SOURCE: NAVSHIP {formeely BUSHIPS) Mr. A, Schmidt, Program Manager, Advanced
Ship Concepis

“The Advanced Ship Development Program must consider all logical competitive candi-
dates when determining the mest cost effective system to perform a specilic mission, Since
many studies may be underway at any one time, involving analyses of ship systems, systems of
ships and vn-ship systems, computerizalion of the elemental data is essential. By providing
reliable vailues for technolugical parameters and capabilities and environmental lactors the
propused forecast would be invaluable i providing reliable values for technological parame-
ters and capabilities and [or the associated environmental factors.”™

e. SOURCE: NAVORD {furmerly part of BUWEPS} Mr. 8. Marcus, Executive Direclor,
Research and Technology

"BUWEPS has a dire need for technological forecasting. There can be no question of
the utility of a forecast that can provide valid predictions that are of a high confidence level.
A prime example of this need is reflected in the current exercisc conducted by the Aircraft
Officc in developing future aircrait concepts. In order to develop these concepts, in essence
they had 10 develop the technoiogical capabilities that may be available in sub-system's areas.
A credible Naval Technological Forecast could have formed the basis for this tnvestigation so
that the primary effort would not have been diluted (and perhaps duplicated).

“There are not many guides available for the planning of exploratory development pro-
grams. Presently existing are the GORs, which provide a guide by inference, the Goals for
Exploratory Development which provide a more explicit end point. There is no doubt that an
additional tool such as a Technological Forecast can provide the technical guide to develop a
balanced exploratory develupment program.”

Section 4. ARMY LONG RANGE TECHNOLOGICAL FORECAST

The Army Long Range Technological Forecast (LRTF) is prepared under staff supervision
of the Chief of Research and Development and is intended to describe knowledge, capabilities
and exampies of materiel which science and technology can be expected to produce if supported
by orderly programs of research and development. The document 1s used by operational and
organizational planners, the corabat developments system, and long range reseurch and devel-
opment pianners in the Department of the Army in foemulating new concepts, requirements,
and plans.

The Army Long Range Technological Forecast 1s currently published in three volumes, as
fuliows:

a. Volume One, “Scientific Opportunities,” discusses the opportunities and hmitations in
buth nonmateriel- and materiel-oriented research which will atfect future technical capabilities
of the Army. Where research effort to increase knowledge in specific areas is needed but not
now in prospect, the area and the requirements are described.

b, Volume Twu, "Technological Capabihities,” describes the technical capabnhities which

are fureseen s achievable in areas vitai to the provision of fulure high-performance materiel.

¢. Volume Three, "Advanced System Concepts,” includes examples of materiel systems
which might be provided if the capahilities desceribed in Volume Two are achieved.

LLRTF 1s published by the Chief ¢f Research and Develupment (CRD), Department of the
Army. The Commanding General, U.S. Army Materiel Command, formally comples and con-
solidates Army-wide critiques and contributions to this {urecast with the close cooperation of
the Army Rescarch Office on behall of CRD. The relationship of the Army Long Range Tech-
nulopicai Forecast to Army planning, documents is shown in Fig. 2.1, The forecast is one input
to the "Basic Army Strategic Estimate.” 1t 1s used by the Combat Development Command for
the preparation of the Combat Development Objectives Guide (CDOG).
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Figure 2.1. Role of Forecast in Army Planming Ducuments

In addition to the LRTF just discussed, the Army also conducts a series of Forecasts-in-
Depth (FID). This series is designed to supplement the Army Long Range Technological Fore-
cast. The Forecast-in-Depth is intended to provide an insight into specific technological fields
for use by persons in and outside of the Department of the Army who have need for such back-
ground information. A Fcrecast-in-Depth is primarily an encyclopedic summary of the current
knowledge, a projection of the expected technological environment during the next 20 years, and
an analysis of the research effort required to attain the most promising materiel aspects. Its
purpose is to allow the scientifically, technically, and operationally oriented individuals i com-
municate relevant ideas and learn of potentialities in a given field.

Forecasts-in-Depth, while generally comprehensive, are not exhaustive. Hence, the treat-
ment may be properly considered an overall introduction to the current state-of-the-art and an
extrapolation to forecast the technological environment of 10-20 years in the future. An exten-
sive bibliography is included in each FID to document the current knowledge and to provide ref-
erences for further detailed study.

Section 5. TECHNOLOGICAL FORECASTING IN THE AIR FORCE

The Air Force does not have a formal published forecast such as the Army's. They con-
ducted two major technological forecasts in depth — The Woods Hole Study in 18958 and Project
Forecast in 1963 — in which they related the predicted technological state-of-the-art to new
system concept studies.

Figure 2.2 shows the organization of Project Forecast, which included analyses of threat,
military capabilities, cost, etc. The forecasting of technology was done in the technical panels
and was published in the individual panel reports. Continuity and updating of Project Forecast
is accomplished by periodic review by the technical panels of the study.

The technological forecast finds utility in the following documents which are updated every
12 or 18 months:

a. Office of Aerospace Research Five-Year Plan. The Office of Aeruspace Research
(OAR) is responsible for the Air Force research program. Since OAR tasks are generally of a
long-term nature, its goals must be forecast against relatively uncertain visions of U e future.
Nevertheless, in the interest of maximum economy and effectiveness in the use of our .ational
resources, the OAR intends to proceed along carefully plotted courses of action. This year's
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Five Year Plan sets forth organizational and research objectives for FY 1968 through FY 1970,
; describes courses of uction for their accomplishment, and presents studied estimates of the
i requisite resources.

3 b. AFSC Techno 'y :cai War Plan. The Air Force System Command's Plan for the conduct

of R&D activity in support of its assigned responsibility consists of a basic plan and five sup-
porting annexes. Purpose of each is briefly stated as follows:

The Basic Plan integrates the content of the annexes and provides the transition of
planning effort into programs and budgets.

Annex A, Environment discussed the broad setting within which the technological threat

and our military policy guals are evolved.

Annex B, Threal describes the expected evolution of aggressor systems and technology.
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Annex C, Systems projects and describes concepts and capabilities which may evolve
into the systems of the future AF force structure.

Annex D, Technology describes technology for deriving system capabilities and projects
efforts to strengthen the Command's technological base.

Annex E, Resources projects mission man-years, technical facilities, and RDT&E funds
necessary to develop tests and evaluate both technology and systems.

c¢. RDT Technological War Plan/Long Range Plan. This plan is prepared by the Research
and Technology Division, AFSC, and describes the future course of action that the Research
and Technology Division will take in managing the Air Force Exploratory and Advanced Devel-
opment Programs. It is prepared by the sclentists and engineers in the Air Force Laborato-
ries. It is an attainable plan; it describes how RTD will allocate those rescurces which it may
realistically expect to have available gver the next decade. The pian is oriented toward achiev-
ing the level of technology required to attain the future Air Force capabilities identified by
Project Forecast. It also recognizes that a major objective of this division is the building and
maintaining in the laboratories of a sirong in-house technical capability. Changes will an-
doubtedly alter various parts of this plan. Breakthroughs will occur and unsuccessiul efforts
will be terminated. On the whole, however, the plan represents a coordinated picture of where
the KTD is going over the next decade, as seen now.

d. Technical Objectives Documents. These are prepared by the Research and Technology
Division, AFSC, to provide means of communicating with science and industry, to describe the
Air Force's objectives in each of 36 different technical areas. As is the case in any selective
grouping of science and technology, it is difficult to draw sharp boundaries between areas and
thus overlaps occur within the documerts.

e. Technology for Tomorrow. The {ifth and latest edition oi which was published by the
Aeronautical Systems Division, AFSC, in 1962, and which may be reinstated by the Research
and Technology Division, AFSC, was a presentation of motivational concepts outlining the ap-
proach to an optimum plan. It was a guide to the organization and selective application of re-
sources and capabilities for an aggressive support of the long range Air Force technical mis-
sion. The coatents and organization of the document reflected the fact that a cohesive detailed
plan exists collectively in the minds of the engineers, scientists, and management personnel
who have contributed to its formulation.

S»ction 6. TECHNOLOGICAL FORECASTING IN THE MARINE CORPS

The Marine Corps presently employs the Army Long Range Technological Forecast, inter-
preting it in terms of specific Marine Corps applications. In addition, under Marine Corps
sponsorship, the Syracuse University Research Corporation engaged in a study (Project 1985)
in 1963- 1984, entitled '"The United States and the Worlua in the 1985 Era,” which examined
“projected national objectives and policies, the international and domestic military, cconomic,
and technological factors affecting the United States in the 1985 era.” It is planned to update
this document periodically unless tiie Navy producer a better document which will meet the
requirements of the Corps.

Section 7. TECHNOLOGICAL FORECASTING IN R&D PLANNING

There is need for improvement in communications between the operating and iechnical
communities within the Navy. The NTF is designed v provide a vehicle that can partially {ful
fill this need. Figure 2.3 illustrates the framework whe roby the tactical-techiucal dialogue
takes place. There is shown an upward flow of technical ~apabilities, forecasts; ana systems
concepts which meets with the cbjective of mating with the constraining downward flow of mis-
eions, technological goals, and operational requirements. The scientific community "proposes™
technological capabilities while the operational community " disposes' to fulfil] strategic and
tactical needs.
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A technological forecast of sclentific and technical capabilities can constitute a vital part
of the overall tactical-technical-dialogue. The forecast can assist in establishing guldes for
Naval Science and Exploratory Development Goals by making available capabilities leading to
concepts and suggestions for developing requirements. What may be seen from this chart is
: that the goals translate tactical requirements into technical objectives znd the forecast trans-
; lates technical capabilities into strategic possibilities,

The forecast and the goals form a two-way street. Ideas and desired capabilities which
are gained in developing the goals might show up as missing in the forecast. Conversely poten-
tials which would otherwise not be considered in the plan will turn up in the forecast. M the

forecast is gowd, it can be a repousitory of avenues of technical approach from whica chuices
r car be made in developing the goals.

Figure 2.4 illustrates the functional status of the ltechnological forecast within the fiow
sequence of planning documents. It i8 shown that requirements are assessed against [easibili-
ties as referenced to time, with two important planning criteria outputs:

RO

a. Technological coastraints or iimits imposed which serve to define feasible performance
! in relation to desired performance.

b. Implications {or the reorientation or shifts in emphasis in defined areas of research
and development.

This process further illustrates the requirement for and gains to be derived from the technical-
tactical dialogue process.
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It can be seen {rom the Technological Forecasting Group's proposed R&D planning sequence
in Fig. 2.5 that technology, including technological forecasting, as well as threat and policy de-
terminations, play a major role in developing operational objectives. An analysis of these op-
erational objectives and current and projected technology result in exploratory development
goals and or technical objectives. The goals/objectives are then appraised technically and
alternate approaches are considered prior to being incorporated into the technical plan. This
technical plan when approved should serve as a basis {or the procurement of resources, as
well as the generatiun of the technical program. This procurement and program generation
should go un concurreatly 8¢ that the time frame may be sharply reduced. The technical pro-
gram is then broken down into R&D tasks and performed either by government or contractor
groups. The crucial point in this whole R&D planning system is the feedback concept in which
the technical information generated in the R&D tasks is fed back into threat and policy where it
may affect the operational objectives. In other words, the whole planning sequence is an itera-
tive one and dynamic technological {orecasting is not only an ingredieat but indeed 2 calalyst.
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Figure 2.6 and Fig. 2.7, respectively, illustrate the functional status of the technolougical
forecast in the Air Force and Army long .ange planning framework. The forecast functions
and utilization are seen to be analogous for all tiree services.
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CHAPTER 3
FORECASTING METHODOLOGY

Section 1. INTRODUCTION

This chapter will discuss, in turn, the control of uncertainty in the application of science
and engineering to planning functions, the science of technological forecasting, forecasting
techniques, and techniques for expressing technical trends. The information herein will assist
the forecaster in understanding what a forecast is, what factors make for a useful forecast,
and the constraints imposed by nature and other forces on the extent to which technological
trends may be forecast.

Section 2. MANAGEMENT OF UNCERTAINTY

THE MEANING OF A FORECAST

Modern management emphasizes consideration of future events at times of decision. In
small organizations, the facts, projections, and probabilities may be the responsibility as-
sumed by a single individual. In larger organizations and in a time of changing technology, the
structure, facts, and probabilities are processed by miore ‘ophisticated information systems.

To accomplish long-range research and development planning, two fundamentals are pre-
requisite. First, one must have clearly in mind the future objectives to be achieved. Second,
one must have a relatively clear knowledge of the anticipated state-of-the-art in the several
supporting sciences and technologies at the time when they will be exploited to achieve these
objectives,

A technological forecast is a realistic estimate, by technically knowledgeable persons, of
the rate, direction, and extent to which a particular technology or group of technologies will
develop in a specific period of time, Its purpose is to separate clearly the more likely techni-
cal states from the less likely.

A forecast is not a plan, it is not to be construed as a commitment that material or a tech-
nical achievement will be available at the time or in the form indicated, or that it will be de-
veloped at all, It will not predict breakthroughs nor will it describe the innovation.

Technical forecasting does, however, indicate that a significant advance is in the offing
and suggests probable timing of the advance. Thus, by providing a continuing state-of-the-art
assessment, a primary value of technical forecasting is the early recognition of a scientific
development which in turn allows for timely response. :

Technological forecasting alone cannot determine what will have been accomplished in sci-
ence or technology by some future date. The technological future will be determined by a num-
ber of factors, including financial support, the number of scientists or engineers working in a
particular field, the number of new ideas or innovations introduced into the field, and a com-
munication or interplay factor among the men and ideas,

NOTE: The discussion presented herein is based largely on material previously published in
officil and anofficial U8, Army publications which has been adapted for the apecial purposes
of thie report, The reader may consult Appendix b, references (1) through (5), for a more
complete coverage of forceasting methodology, and the major individual contributors,

3-1
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A technological forecast ftself must communicate. It must stimulate operational minds,
but within the hounds of technological feasibility. It must satisfy technical minds that it is re-
liable and relevant within professional standards. To reach both these minds, it must be pre-
scnted concisely, quantitatively, aod accurately.

‘The Juveicpmeni and analysis of technological forecasts can be an effective influence in
the creative thought processes which are essential to dynamic management. Each projection
requires careful consideration of the factors which iufluence the indicated progress. As ap-
parent inconsistencies and barriers become evident, attention and effort must be focused on
their removal. The necessity for innovation is projected well in advance so that the usual pro-
crastination in introducing change may be overcome.

In the long run, it is not enough that a technological forecast serve only general communi-
cation. I must find its way into the {formulation of plans, programs, advanced designs, alloca-~
tior. policies, and other nianagement functions. Continuous revision and feedback {from users
will ke required tu create a recognized valuable manz. ement tool. Since decisions usually tend
to be made in the general direction of existing progress trends, one of the most important func-
tions of the accurate technological forecast is to insure that such decisions do not result in
"too {iitle--tco late” or in ""too much~-too soon.”

VARIATION AMONG TECHNICAL FIELDS

Naval technology embraces a wide spectrum: ordnance, logistics, protection, communica-
tions, medicine, toxics, detection, environment, human factors, surveillance, to mention a few
major areas. The basic and applied sciences feeding into these military technologies are even
broader, perhaps as broad as almost all science and engineering. Furthermore, the science
and research sponsored under one technology usually produces inputs to other technoiogies,
Research in power sources, for example, could change the configuration of ordnance systems
as well as transpriation systems. Research in immunology could change medical practice or
niologicai warfare vulnerability. Research in lasers could change communications systems
and/or antipersonnel weapons. Micrometeorology research for cheinicai warfare also appiies
to surveillance, and so on.

There is a natural tendency for research and engineering sponsored under any one tech-
nology to be forecast in terms of applications to that technology. There is also a terdency for
forecasts to include only the currently justified and sponsored research and engineering.
While these tendencies are natural and always expected, they are prejudicial to the breadih of
vision a forecast should possess ideally.

The initial ~ititude toward forecasting is quite different among the various scientific and
engineering fields. It would be a dangerous oversimplification to characterize these attite-
by field in sharply-defined terms, Eut for the sake of illustration, and 1or sympathy with wne
forecasting specialist’s prablem, the fcllowing examples are given, The physicist is said to
favor the random -breaktiwrough concept of future technology, which implies that one does not
forecast, one waits until it happens and then sees how it affects applications. The engineer or
applied scientist is rometimes accused of being reluctant 10 forecast because he tips his hand
and gives development or patent possihilities to his competitors. The biomedical scientist is
reluctant te forecast, it is alleged, because critical experiments, not parameter extrapolation,
is the procedure ior progress., The systems designer is leery of forecasts because component
and subsystem progress depe.ids on resource-allocation decisions made by people over whom
he has no contrcl.

One objective of formal forecasting is to develop a realistic and acceptable, common pni-
losophy toward torecasting ameng technical fields.




Section 3. SCIENCE OF TECHNOLOGICAL FORECASTING

EARLY MODELS

Technological forecasting has no established epistemology. no recognized theory or s¢i-
ence of methods. At one extreme we {ind an apparent willingness to assign this function to the
very imaginative science fiction writers; at the other, a suggested reguirement for a very
scholarly approach. Alexander! presents a very reasonable case for the “Jules Verne” school
and gives evidence of the success of this approach. Cilfillan, in considering the prediction of
invention,? merely specifies some 38 principles of invention. These principles might, through
the inductive method described by Bacon and illustrated in Darwin, yieid a skeleton about which
4 forecast methodology could be built. In any event, the methodologies suggested by Alexander
or induced from Gilfillan could be classed simply as "'forecast by informed judgment."”

Lovewell and Bruce of the Stanford Research Institute® suggest that the forecast can be
accomplished by thorough logical surveys of current and conjectured applications of science—
and of their consequences,’ and describe such an approach in reasonabie detail. Their primary
departure from Alexander, more so than from Gilfillan, is to augment the simpler "informed
judgment’ approach by introducing a requirement for an explicit statement of the rationale
leading to each prediction.

Lenzt departs from the essentially single point predictions of the previously mentioned
and addresses a procedure for forecasting by "'trend extrapolation.” Here we {ind an indication
that a model for technological forecasting might be built; that analytical techniques might be
applied to assessing the technological future; that a too} can be derived to provide a means for
assuring dispassionate application of the informed judgment of scientific and technical exper-
tise.

The case is made for the relative roles for analysis and for judgment by Secretary McNa-
mara when in speaking about system analysis, or, as he called it, "quantitative common sense,”
he said. "I would not, if I could, attempt to substitute analytical techniques for judgment based
on experience. The very development and use of those techniques have placed an even greater
premium on that experience and judgment, as issues have been clarified and basic problems
exposed 0 dispassionate examination. The hetter the factual basis for reflective judgment. the
better the judgment is likely to be. The need to provide tne factual basis is the reason for em-
phasizing the analytical approach.””> In precisely this sense can the general character of the
desired technolcgical forecast model be described: a tool to insure that factual bases are used
for reflective “informal judgment,”

SERIGUS SCIENCE FORECASTING AND SCIENCE FICTION

The art and science of technological forecasting is young. It almost seems contradictory
to the rigorous standards of evidence taught in professicnal education. It may seem closer to
science fiction than to fact. For this reasaon, reputable professionals are often hostile to or
skeptical of technological forecasts, Yet for the preparation of the navy technological forecast,
the best qualified persons are desired. The very mind which has been steeped in the facts and
figures of a field for years and which creates hypotheses, experiments, or designs "at the
bench,” is the one which can make professional conjectures with realism and restraint.

]'I‘!nj Wild Birds Find a Corporate Roost, T. Alexander, Fortune Magazine, Vol. [.XX, pp. 130ff
)(.-\'lg. 1964},
*The Sociclogy of Invention, 5. C. Gilfillan, Foliet Publishing Co., pp. 5-13 (1935).

How We Predict Technelogical Change, P. J. Lovewell and R, D, Bruce, "New Scientist,” Vol,
13, pp. 370-373 [1962).
""I:x;rgllnr)lng:irq'!”Fog_ot.:ﬂ_mg. R. C. lenz, Jr., Rpt Nr ASD-TDR.62-414, June 1652, Wright-
Patterson AYB. Ohio, pp. 19-73 (DDC No. AD 408 085).
SeNeNamara Defines His Job." New York Times Magazine, April 26, 1964, pp. 10711,
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The technical expert is not asked o create science fiction, The laws of nature as known
in his field are both the vehicles and the boundaries of zerious projections. He is not asked to
recite these laws or to write a text on what is knnwn in his fie'd, He is asked 1o sit back and
think a little differently, synthetically instead of .. v Iy? (~'ly. In order to plan his next experi-
ment or design in everyday work, he sorts out cr.dca. issues which stand in the way of mental
acceptance of a2 smooth-flowing set of propositions. This or that proposition or issuc needs
test or demonstration. In forecasting, he is encouraged {o examine the same universe with the
same rigor, but to visualize the implications of the corfluence of laws, possible results of new
experiments and trends within limiting factors. This is not science {iction. It is just another
mode of responsible professional thinking which heretofore was unverbalized and uncommuni-
cated but which now, in the age of technological strategy and tactics, must be articulated and
integrated with other information to maximize organizational survival and growth,

THE "BREAKTHROUGH" ARGUMENT

There arises an argument: You cannot predict breakthroughs; therefore, why predict at
all?

Breakthroughs rarely occur. Exampies like incandescent filaments, penicillin, transistors,
and lasers are often used. But if history is examined a little more closely, one will discover
long intervals between a hypothesis based on fairly solid previous knowledge and a demonstra-
tion of fact or feasibility.

Breakthroughs are partial. They seldom are sufficient to change systems and applications
overnight. They may affect components and methods, but these are tied in with larger systems
which are rooted in the past and present by an ervironment of many other components and
methods. Systems evolve into being; they do not suddenly jump into being.

Breakthroughs can be the expected products of only a very small fraction of the R&D effort.
The majority of research and development progress is accomplished by small steps, tedious
competent work, many {rustrations, and incremental gains.

Breakthroughs may not be predictable in time of occurrence, but their effects can be esti-
mated if they occur at predicted times,

This last point supporis arguments for a fertile and well-integrated technological forecast
as a document and source of information. Unless the future image is knit closeiy together,
with the interactions between purposes, systems, and technology spelled out, the estimation of
the impact of hypothetical ar anticipated (in the sense of betting) breakthroughs is a wild and
uncertain exercise. With all the information tied together, and the technological forecast a
vital segment of the information, the impact of breakthroughs can be examined logically,

THE "STATUS QUO PRESERVATION"' ARGUMENT

The argument is made that the future terds to fulfill an image, not because of any magic,
but because the image is a focus for shaping events. Consciously or subconsciously, the image
is used by persons to organize otherwise chaotic bits and pieces of experience and information.
Raw data are converted into information when the sensory input is screened for its relevance
to the image. Reconfiguration of the image is partly conditioned by the historical flow of sen-
sory inforr.ation. The course of history may well be interpreted as causally relatec. to the
succession of images of the 1. ie held by persons along the way.

Forecasters and users of forecasts must be aware of the possible impiications of this ar-
gument because the technological forecast is a collection of images of the future, no matter
how it is separated or consolidated. One of these implications is "'preservation of the status
quo.”" If a forecast is just a rehash of a long-range R&D plan (the latter having been prepared
first and justified with a supporting program), then the forecast is being used to validate the
plan, More properly, a plan is a consequence of the forecast and other factors, and the plan
should change annually with the new round of forecast information, requirements information,
and budget levels.
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The forecast could be misused by management in such a punitive manner that the fcrecast
is forced into the straitjacket of a commitment. If forecasters are held responsible for the
truth of their forecasts, they will tend to be conservative in predicting progress and change
and will underestimate the rate of change to keep it under control.

SOPHISTICATED PREDICTION MODELS

With the state-of-the-art in technological forecasting as underdeveloped as it is, the Navy
Technological Forecast (NTF) is not an attemp! at sephistication nor is it a requirement that
the forecasters develop sophisticated tools and techniques for forecasting. Yeoars of “research
on research™ and "planning of planning’ must precede a technology of technological forecasting.
What is desired now is substantive information with as much breadth and reliability as possi-
ble, without knowing how to measure either.

BALANCE: CONSERVATISM VS, OPTIMISM

In the long run, the utility of a technological forecast will depend upon the good profes: jonal
judgment of the forecasters. The judgment referred to is the technical judgmen, not value
judgment, A scientist or engineer may believe that a techoology is feasible or likely. but dis-
agree with the social‘economic implications. When addressing the technical question, only the
technical answer is desired.

The easiest way 10 undermine or unbalance a technological forecast is to address it only to
technical questions which have obvious immediate payoffs. Safeguards must be erected against
this possible shortcoming of a forecast.

Another serious problem of balance exists in the possibilities of overstatement and under-
statement. A very conservative forecast may imply low risk for the forecaster and high risk
for the planner., A very optimistic forecast may have high risk to the forecaster and low risk
for the planner. However, these risk statements may be reversed when the natures of the risks
are examined.

CONDITIONS AND CONTINGENCIES

Trends convey the semantics of growth, development, evolutiow, progress, direction. The
planner needs, in addition. a sense of the boundaries and restrictions, a sense of proportion
and likelihood. All too often, a technological forecaster may show vistas wnd scenery without
the road map and the hazards along the way. Whereas good salesmanship is supposed to favor
the vista approach. sincere judgment is desired in the technological forecast. The sincerity of
a forecast can be conveyed by an honest and communicative appraisal of the conditions, contin-
gencics, rates, phase changes, limitations. and complexities which impinge upon the trend.
Graphics are useful adjuncts 1o the written word in showing these limitations.

Sometimes applied research. and often basic research. 1s characterized as “inner moti-
vated.” meaning that the path of progress depends on the results at each step. A forecaster
may be reluctant to nominate the final path in prospect because he does not know the specific
results at each step. On the other hand, he may know the general objective and the possible
alternatives at various junctures in the branching process,

The trend of technology in terms of naval applications may. in some fields, be conditioned
by forces outside the control of the in-house R&D community. The trend may depend on the
reaction of relatively disinterested parties. One example may be the synthesis of phaimaceu-
ticals or the engineering of complex biomedical instrumentation. Industry R&D governed
largely by consumer markets will be the main source of technological advances for many naval
applications. The forecaster's problem is to describe the likely progress of industry in re-
sponse to the consumer market and to anticipate the incidental advances for naval application.
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Section 4. FORECASTING TECHNIQUES

FORECASTING BY EXTRAPOLATION

The most cbvious method of technological forecasting is to assume that whatever has hap-
pened fn the past will continue to happen in the future, provided there are no disturbances,
This most common method is the extension of some form of time series on the basis that ex-
isting trends will continue. While it is not a very accurate method, most intuitive forecasts of
progress are probably based ou subcunscious versions of this technique.

Two basic assumptions musi be made {c use this method:

1. That those forces which created the prior pattern of progress will more likely continue
than change,

2. That the combined effect of these furces is more likely to extend the previous pattern
of change than il is to produce a different pattern.

The method is applicable to forecasting the functional capabilities of man, i.e., the end 1e-
sult as opposed to the means of achieving some objective of man. For example, moving, com-
municating, illuminating, computing, etc., are functional capuabilities defined as being independ-
ent of any specific technology—although in fact being based on all applicable oues. 1 the ficld
of interest to the forecast centers on man’s ability to communicate, appropriate data sets might
be "{requency spectrum exploitable” or "number of intelligence bits per hour per mile of sepa-
ration between communicators,” Such a set of data does not explicitly concern itself with
whether the desired function is to be accomplished by cable, microvave, teletype, or a Telstar
satellite, One or more of these techniques must be implicitly involved. The growth is consid-
ered in terms of cumulative time or calendar year. Typically a plot of fuactional capability
versus time displays the exponential character of growth (Fig. 3.1).
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The farther the forecast extends into the future, the greater the probability that one ol
these above assumptions will become invalid.

A more valid method of forecasting future trends of R&D activity, and related funding is to
compare them to typical biological growth phenomena.
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FORECASTING BY GROWTH ANALOGIES

Technological progress, as we are currently witnessing, more than likety proceeds in an
exponential manner simtlar to the law of acceleration under the influence of gravitational
forces or to the ghenomena of biologival growth. Imtial advance is exponential, followed by a
continued diminuiion of the rate of advance as “maturity” is approached. The synthesis of
several fields of progress, each occurring al different intervals. auy result in an exponential
advance for a functicial capability,

Consider trends of specific techniques which enable a lunctional capability to be accom-
piiched. In the communications field. one set might consider the historical growtn of a band-
width capabilily of microwave links, This class of data, which might well be called “Specific
Techaique,” follows a churacteristic curve {Fig. 3.2}, Initially the technigue tends to experi-
ence a period of siow growth, It might well be hidden in a laboratory at this time or buried in
@ patent office, Fina'ly, its potential is recognized, money and work are poured in, problems
are resalved, and an accelerated growth occurs. Eventuailly, limiting factors are encountered,
the growth rate decelerates, and the curve asymptotically approaches some upper value.
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FORECASTING BY TREND CORRELATION

The trend of a technical purameter which is complex and difficulr to predict by itself may
sometumnes be more easily expressed as the result of a reiationship between two or more other
trends,

In order to use two or more trends to determine a third. the predictor must have available
a number of primary trends which are related to the technical field of interest. To these he
must add a4 knowledee of probable relationships that might arise from combinations of such
variables. The predictor may then select the relationship and the primary variables which in-
fluence the desired technical improvement. The trends of the primary variables may be pro-
jected on the bhasts of any techniques which appear appropriate. The prediction is then com-
pleted by projection of the unknown variable on the basis of the relationship between the primary
variables.

Time series muy be used in quite a different way for prediction by taking account of char-
avcteristics 1n the trend curves of the time series,

One of the simplest situations for prediction on the basis of trend characteristics is one in
which the extension of a well-established exponential rate of progress intercepts a known phys-
ical limit, Since. by definition. progress cannot extend beyond this limit, only two predictive
possibilities exist. The first. obviously. is that progress wiil indeed stop at this point. The
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second is the development of new technology that will permit the extension of progress on some
equivalent basis beyond previously known limits,

DYNAMIC FORECASTING

In a method of technological prediction based on the technique of "Industrial Dynamics,"
technological progress is based upon a mathematical expression of the influence of those fac-
tors over which control may be exercised. These factors include the numbers of people trained
for a given research and devclopment function, the number of people employed to perform that
function, and the facilities provided for experiment. The effect of each of these factors and the
feedback relationships are combined in equations which provide a prediction of the technological
progress to be obtained from a given input of the factors involved. The greatest difficulty in
this method of technclogical forecasting is the determination of the transfer coefficients which
relate quantities of the input factors to the quantities in which technological progress is meas-
ured. In most cases the transfer coefficients will necessarily be based on the empirical rela-
tionship which has existed in the past between the input and output factors,

DELPHI TECHNIQUE

The Delphi technique is a unique method employed for the systematic solicitation of expert
opinion. Instead of using the traditional approach toward achieving a consensus through open
discussion, this technique "eliminates committee activity altogether, thus ... reducing the in-
fluence of certain psychological factors, such as specious persuasion, unwillingness to abandon
publicly expressed opinions, and the bandwagon effect of majority opinion. This technique re-
places direct debate by a carefully designed program of sequential individual interrogations
west conducted by questionnaires) interspersed with information and opinion feedback derived
by computed consensus from the earlier parts of the program. Some of the questions directed
to the respondents, may, for instance, inquire into the 'reasons' for previously expressed opin-
ions, and a collection of such reasons may then be presented to each respondent in the group,
together with an invitation to reconsider and possibly revise his earlier estimates. Both the
inquiry into the reasons and subsequent feedback of the reasons adduced by others may serve
to stimulate the experts into taking into due account considerations they might through inad-
vertence have neglected, and to give due weight to factors they were inclined to dismiss as un-
important on first thought.""6 RAND Corporation's long-range forecasting study used this
technique.”’

INTERPRETATION OF FORECAST DATA

Selection of a parameter to be considered in a forecast, as previously noted, involves the
consideration of functional independence. One could, for example, plot the cost of light per
lumen, Such a plot, however, would implicitly consider the efficiency of the energy conversion
device, the cost of the energy consumed, and perhaps even the impact of governmental taxing
policies or restraints on transportation of the energy source. Thus, cost of light per lumen,
while a feasible parameter to establish, appears to be subject to too many constraints,

Instead the forecaster is better advised to concentrate on such parameters which he might
he able to control. An excellent candidate for analysis, perhaps, is "efficiency cf energy con-
version.” A somewhat easier variable to present is "lumens per watt." Such a curve is plotted
in Fig. 3.3, Although it is not necessary to do so in a working plot, certain points are identified
in Fig. 3.3 for purposes of the example, The data points address themselves to particular tech-
nologies which are the current basis for the functional capability described in the associated
trend curve, The dotted line constituting the forecast portion of the plot is an extrapolation of

the growth trend.

PG O thie bnstemology of the Inexdaet Sciencey,” by O, Helmer and N, Rescher, Manage-

tmient Science ((1989), p, 47, . -
7T 7% Gordon and O. Helmer, RAND Corporation, "Report on a Long Range Forecasting Study,”
FAND Report 1222082, September 1964,
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One may reasonably ask as (o the validity of a continued exponentiai extrapolation. This
question, for the present, can best be answered in only two ways, Experience demonstrates
such an extrapolation to be appropriate, Second. reflection upon the growth factors at play
seems Lo indicate that until some physical limit is reached, an increase in functional capabili-
ties 15 to be expected. Intuitively one would expect that the exponential increase in the number
of working scientists, the exponential increase in the number of technical periodicals and pub-
lished papers, and the similar increase in the funded support of research experienced teday
would combine to result in such a growth pattern.

A detailed study of historical growth in terms of the demonstrated functional capability
would not reveal the deliberate duy-by-day enhancement suggested by the chart. In fact, a con-
tinuing series of perturbations, of step-like advances and plateaus. would be seen. and properly
sg. If the trend line is an indication of the potential upward limit of a functionai capability at
each point in time, the limit is realized only when a decision is made to exploit all of the avail-
able pertinent knowledge. Where nothing new and better is made, & plateau results.

The possibility always exists that the situation seen for the illumination example will oc-
cur; physical or natural limits are being approached with increasing irequency in our current
technological society, For example. today one measures thicknesses in single wavelengths of
light, electronic components in terms of molecular sizes. and so on. When this situation oc-
curs. one can only terminate the curve at the limiting point and suitably annotate the chart.
Such information is clearly useful in avoiding an undertaking that the scientist recognizes as a
theoretical impossibility.

Figure 3.4 is a plot of the growth curve of the conventional incandescent bulb and the fluo-
rescent lamp, both current techniques for converting electric power to illumination. Growth
points are identified to indicate the manner in waich the plot has been prepared. The shape of
the curve shows a rather limited growth during the early experimental years of the technology.
then an explosive growth toward increased efficiency and. finally, a tapering off as the growwn
curve appears to approach an asymptote. The relationship between this plot of technological
advance and that of functional capability is apparent. Each specific technology contributes just
a small portion to the overall functional capability growth. At best, each offers only a few data
points to the long-term technological growth curve and assists in understanding or interpreting
the capability curve. Thus. the functional capability forecast 1s biased by, but is independent
of, any particular technology. One may ask the signmficance of the functional capability plot
(Fig. 3.2) to the planner. Care must be cxercised to insure that projected capabilities reflect
actual potentialities of the specific techniques included in the presentation. For example,

Fig. 3.5 presents capability curves for two functionaliy simiiar technologies. one old, one new,
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and identifies a number of critical points, At time 32, one may or may not have reason to be-
lieve that the "old" technology is going to reach a growth limit. The “'new’’ technology has
shown little development. At time 30, a conservative technological capability forecast of the
two would appear as Fig. 3.6.

At this time. the manufacturing arm of a given industry, for example. would have little
cause for interest in the new technology. The research facility is well advised to monitor the
new technology and, depending upon management policy. to explore it to some depth. To some
extent the appropriate relative level of research expenditure can be adjusted as a function of
the slope at any point between 0' and 1'.

As the new technology curve moves into the region between 1' and 2' (Fig. 3.5), a potential
for exploitation is evidenced. Here the forecaster must ask questions as to the status of the
old technology. If the older. and more common, technology continues 12> show an expansion
potential such as i1s seen about time 38 in the growth curve, he might be welil advised to con-
tinue the new technology at a research and developmeat level, or at best, to prepare to exploit
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the new technology in his long-range planning. On the other hand, if the older technology is
approaching the stagnation region evidenced beyond section 3 and the new technology lies be-
tween 1 and 2' (time 40 of Fig. 3.3). the time for exploitation may be ripe.

So far the concepts of “old. or current technologies’ and "new technologies' have been in-
troduced without explanation. The “older” or “current’” technologies would Le quite cbvious.

. These are the ways a functional capability is or has been accomplished. The forecaster learns,
hopefully, of "new technology” from the scientilic and engineering communities. The forecaster
must continuously probe into allernate means of accomplishing each capability of interest to
his task and evaluate the potentiai of each suggesied technology. By becoming aware of novel
approaches, he establishes a position o exploit new findings or knowledge, no matter when it
OCccurs,
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PARAMETRIC SENSITIVITY ANALYSIS

When the trend of one parameter is determined by that of two others, a sensitivity analysis
is in order,

in a sensitivity analysis, the dependent parameler o v .érest is tested for senaitivity to
other parameters, which may be randorn variations of nature, design variations open to chuice,
or technical limitations. These are varied over their likely, possible, or permissthie ranges,
and the consequent range in the dependent parameter is computed. The display of the compu-
tations may look something like Fig. 3.7, llere the performance, V., of a system at time, t, is
expected 10 be at the point of the cross. However, V {s sensitive to o, a technological param-
eter being changed by R&D projects, and 1o !, an operational parameter being ehanged by
evolving operational context. The sensitivity of V is now exhibited as the asymmetrical egg.
Under the assumption that the probability distributions are similar {or the ranges of o and S
shown, the egy takes ihis shape.

V (Dependent Parameter)

«v = Technical parometer changing from R and D.

5 = QOperational parameter changing from the
evolution of use environment.
i

t (Time or Pocing Parometer)

iy 3T Uroertansy Faprecoed - Sensalivity 10 Variablie Paramelers

Some hvpothetical examples of V. v, and | f{or several fields of technology are listed
below:

Medicine
V - Doctors per casualty
+ - Burn-shock reduction by pharmaceuticals

+ - Nurlear or conventional war
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vTOL
V - Payload per gross weight
@ - Lift/drag for boundary layer techniques
3 - Invulnerability assurance
Clothing
¥V - Hours in toxic environment
@ - Absorption coefiicient of synthetic fibers
§ - Ambient temperature
Communications
V - Channel-vears per satellite launch
@ - Power rating of small power sources

3 - Payload of available boosters

Section 5. TECHNIQUES FOR EXPRESSING TRENDS

TECHNIQUES

Words without pictures are as weak as pictures without words. In the first instance, the
reader is asked to visualize what is spread out in rhetoric and probably exists in the mind of
the writer. In the second instance, pictures imply a logic which may not be identical with that
of the accompanying syntax. A .echnological forecast should be a proper combination of the
new modes of expression,

Figure 3.8 depicts a time-dependent trend. The payload ratio of {lying belts is shown as
it is expected to increase in the future, Conventional fuel is a barrier at one level of perform-
ance and exotic fuels at another level of performance. The improvements betwesen barriers
are those expected in the usual history of applied seience and engineering going from the dem-
onstration of feasibility to the futility of incremental improvements. The figure lmplies that
current new fuel research would break out in 1963. It alsc implies that between 1965 and 1970,
competition will exist between the underdeveloped new configuration and the cverdeveloped old
configuration. The broad areas indicate the confidence interval. In this case real time is shown
as the independent variable for progress, and this makes a certain amount of sense.

In other cases, the identification real time is less precise. Often the real times of occur-
rence of steps of progress are dependent on one or more factors (parameters or variables).
Figure 3.9 depicts a parameter-dependent trend. The gal/day of desalinized ocean water is
hard to put on a time scale of expected progress. Many factors affect this progress, two of
which are the cost of power and the diffusion rates of membranes. These effects are not inde-
pendent. Their joint occurrence would determine the performance characteristics of diffusion

desalinization plants, but no one is confident in predicting the separate parameters as time-
dependent trends.

The picturing of parameter-dependent trends is full of problems. In the first place, partial
and contingent dependency is poorly represented graphically. For instance, the rule of combi-
nation of the partial effects of Y and Z on X is not necessarily that implied by the chart,
namely, addition. There may be complex relations between diffusion rate and power in specific
design applications because of such things as induced potentials. On the other hand. if X, Y,
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ana Z. are graphed together in a three-dimensional pictorial to account for this specific-
desipgn interaction, then the general nonspecific design direction of effects may be obscured.
The specific functionally related curves are basic to systems desipn, whercas the trends are
the engineeringly imprecise but directionally correct information for planning. The engineer
cannot use what is useful to the planner and the planner canmot use what is useful to the engi-
neer,

The problem here is not trivial. It bears on the whole issue of the feasibility ol forecast-
ing in terms of time and probability. Almost ail forecasting, if taken seriously. involves
parameter -dependent trerds as elemental picces. Time as an independent variable takes on
increasingly the role of a modulus and not real time. Again. the correspondence between real
and psychological probabilities in predicting R&D products 1s called into question. With little
physical basis for naking probability estimates, should the available physical elements be com-
bined or should an overall estimate of probability be mude by the forecaster ? [ the latter
makes more sense, iar forecaster's projections in probability terms can be logcally combined
by planners who are not predictors, but who deal with even larger aggregates and who nedd to
know their probabilities,

A way to commumcate the relationship of events withuut risking a precise time prediction
is to describe and depict the human process in the quest for technological results. Fipure 3.10
is an example of expressing trend as proce. s in the acquisition and application of knowiedpe.
High-vacuum technology is shown as prog: ¢: sing over the decades by innovations and adapta -
tions arising from various other technologies, This figure could be € laborated to great detail
without loss of its communications value, expecially if groups of blocks are color coded (e ..
inputs, devices, outputs, applications) and if the process arrows are coded tor various meanines
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(e.g., A begot B, A merged into B, etc.). The logic implied by blocks related by arrows so
coded could be conjectured inputs and impacts of potential future technologies. For the product
planner, blocks could be tapped off at different points in the process showing the effects on

such things as feasibility of small fusion reactors, weight reduction in space vehicle structures,
and high-performance cold eleciron tubes.

Large techno~-military systems evolve over years. The trend in their confipuralion is
rooted in the past and it helps the producer of the forecast as well as the user of the forecast
to visualize the evolution. The forecaster is forced io see the big picture when adding novel
detail, and the user gains a sober impression of the inertias inherent in growth and change.
Figure 3.11 shows such a trend as evolution in the conliguration of a system. The subject is
the ground environment of air defense nets and the pictorial is quite schematic aimost like the
budding pattern of crganic growth. Directions of systems growth which were abandoned or are
expected to flourish temporarily, are depicted as buds which stop reproducing. The size and
interfaces of buds can be used to imply the strength and sources of growth increments.
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Figure 3.11. Trend Expressed as Fvolution--Air Derense Grosnd Fovironment

Sometimes the operational objectives of technology can be identified and expressed fairly
easily. When this is the case, the progress expected of technology can be illustrated as partial
fulfillment of these objectives.

When trend is exprassed as partial progress, the end-point should make technical und op-
erational sense, If the goal is mere'y the completion of a project or program. the time-wise
progress graph may make good reporting data for programmers and budgeteers, but not for
forecasters and planners. The completion of a project may be essential to the success of a
larger program, but the planier could hardly care less if such a project is tweaty or ninety
percent complete. Expected results are what he needs to know. (Of course. it would be a
matter of concern if the cost of the program is not commensurate with results in terms of the
technical ‘operaiivnal goal.}




3-17

Not all technical programs are easily defined in terms of objectives. Howsver, with some
thoughtiul and analytical attention, it is likely that many technical programs can be converted
from “percent progress” or 'percent budget spent” to presentations of substantive geal-
fulfillment. To do this, of course, requires the identification of the goal and its description in
i parameters which are directly relatable to the performance parameters of the end products of
i the technical program, which can be a painful exercise,

EXAMPLES OF TREND PRESENTATIONS™

The trend of a critical characteristic {in this case the thrust-to-weight ratio of lift en-~
gines} is shown in Fig. 3.12. Uncertainty {because of technology or funding limitations) is
: shown by the use of broad lines. The impact of new techniques {in this case, materials) is
! also shown.

he case of a development inveolving the projection of two critical parameters (in this in-
stance, power gain bandwidth and system noise of solid-state amplifiers) is shown in Fig. 3,13,
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The projection of a critical characteristic in technology, in whicn specific milesiones in
research and development are identified, is shown in Fig. 3.15. The actual and anticipated
gains in certain characteristics of alr-cushion vehicles (ACV's) are reported.

Air-cushion vehirles' performances, in terms of a factor of merit, are pro-

jected for a vehicle with a hare bottom and with a sKirt and trunk system.

Significant improvements in ACV performance have resuited {rom the devel-
apment of skirts and flexible jet extensions, Aerodynamic problems associ-
ated with these developments have been largely resolved, but {inding suitabie
materials for the air-cushion devices is a continuing problem.
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Figure 3.16 shows performance characteristics of microwave tubes over the past 25 years
and as projected through the next 15 years,
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projection of a critical characteristic in terms of other constraining parameters is
Fig. 3.17.

In order to resist the intense temperatures, high pressures, shear forces,
corrosion, and erosion of exhaust gases, the uncooled nozzle on the solid-
propelied rocket has, of necessity, been undesirably heavy, The {lame tem-
perature of present-day exhaust products ranges between 5700°F and 5900 F
{Fig. 3.17). As of the time of the preparation of the forecast, these tempera-
tures were soon expected to exceed 6300°F, and would approach 7000° F by
1970, requiring the development of nozzles whose underlying principle of
functioning is by other than heat-sink methods. This can be accomplished by
using the highly refractory metals, hafnium, tantalum, and tantalum-
zirconium alloys which have melting points around 7000°F.

The trend of a critical parameter may also be presented on a bar graph, as shown in
Fig. 3.18.
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In some areas of investigation it becomes necessary to define requirements for research
and development in the several elements of the area under consideration. It is possible to
project the state-of-the-art in the various disciplinary areas and to estimate their relative
importance during the forecast period in terms of operational requirements. From these two
trends, it is then possible to establish research requirements and associated resource (per-
sonnel, funding) needs during the period under examination.

For example, Fig. 3.22 looked to defining a desirable Nuclear Weapons Effects
research program for the projection of aircraft and air crew in 1962 and fol-
lowing years assuming an extended moratorium on atmospheric nuclear
weapons effects tests, Figure 3.23 shows the relative importance trends of
nuclear weapons effects and Fig. 3.24, indicating relative research require-
ments (RR), combines relative importance (RI) and predictability (P) in terms
of percent of total requirements as follows:

RIx(1-P <
- (-P) 459
RR = SRIx(1-P)]
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CHAPTER 4

PART | — SCIENTIFIC OPPORTUNIﬂES

Section 1. INTRODUCTION

Scientific knowledge is a basis for the prediction of outcomes. It is the store of knowledge
essential for rational support of cause and effect relationships, which in turn are the substance
of planning. The forecast of Scientific Opportunities is intended to provide a data bank of se-
lected "outcome' predictions from the total store of scientific knowledge. The forecast is an
information source for planners designed to be:

i. Useful in retrieving scientific knowledge significantly relevant to naval technology, and
b. Useful in the assessment and orientation of naval research programs.

The Scientific Opportunities forecast thus has the objective of providing management with
a tool for the planning and utilization of Navy-relevant science and technology.

Since, by definition, it is not possible explicitly to forecast basic research, some clarifi-
cation of the inclusion of research in the Navy Technological Forecast, and indeed as a Navy-
funded program, is in order.

An OPNAYV definition of research, for Navy planning purposes, is as follows: *

"Research - Includes all effort directed toward increased knowledge of natural phe-
nomena and environment and efforts directed toward the solution of problems in the
physical, behavioral and social sciences. It would thus, by definition, include all

basic research and, in addition, that applied research which is directed toward the
expansion of knowledge in various scientific areas. It does not include efforts directed
to prove the feasibility of solutions of problems of immediate military importance

or time-oriented investigations and developments."

The RDT&E Management GuideT further defines basic research as:

"Research directed toward the increase of knowledge in science, the primary aim of
the investigator being a fuller knowledge or understanding of the subject under study,"

and Applied Research as:

"The application of knowledge, material and/or techniques directed toward a solution
to an existent or anticipated military requirement."

ONR has still another and a special definition for Naval Research:

""To encourage, support and conduct systematic and exploratory research in basic and
applied science which contributes information leading to discoveries of potential im-
portance to new materials, equipment and working principles, or to new concepts in
military operations and philosophy.’'}

“*OPNAVINST 3900.8C,
FDepartment of the Navy, "RDT&E Muanagement Guide," Vol. 1l.
FONRINST 3510,2A.,
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Thus, naval research ts both basic and applied and will tend to emphasize scientific areas
that can lead to the advance of military technology.

it {8 evideat {rom the above delinitions that the gruy area merging navat regearch {Pro-
gram 6.1) with exploratory development (Program 6.2} will be very broad. This overlap is a
practical fact of e that s recewving increased recognition m Navy Department R&D planning.

A useful military system is comprised of particular arrangemens of echnical butldiyg
blocks that have evolved from a broad base of screnrdic knowledye.

Figure 4.1 15 a simple illustration of the two-way path between systems and scieace. The
standard approach is to describe a conceptual system on the basis of a predefined mission and
need; assess the capability of technology to provide the required performance; isolate and de-
fine engincering and scientific deficiencies; and direct effort toward resolution of these. This
is an essential routine in the business of all "projects,” and a primary basig for the selection
of appropriate areas for exploratery developmen! and research. The scientist, in particular,
may point out two anomalies:

a. The base for selected areas of militarily useful scieatific knowledge, while finite, will
be very broad even when it is premised upun predefined systems requirements.

b. Truly innovative and effective Systems are often not conceived on the basis of predefined

need. They become feasible and needed because of scientilic advances that were not initially
systems oriented {i.c., research}.
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The case for DOD-supported research assumes that both paths of Fig. 4.1 (science-to-
system and system-to-science) must be considered in the delimiting of scientific areas of
military concern. This dual approach concept has been followed in the DOD formal delineation
of "Def{ense Research Sciences' and (for the Navy) of Naval Research Hequirements.

The first tagks in planning for a forecast of Scientific Opportunities were 16 define and to
¢ategorize naval research. Definitions and a philosophy for categorization are outlined above.
In 1961, the Office of Naval Research published a descriptive set of 81 naval research require-
ments. It {8 in order to update these, as required, and to make them compatible with the
RDT&E [iscal and planning structure, i.e., with the four areas and fourteen elements of the
“Defense Research Sclence.” Models jor accomplishing this are provided in later sections.

A proposed format for the "Scientific Opportunities™ part will separacely treat each of the
above-mentioned categories {naval research requirements}. For each category there will be
prepared a FORECAST section and an APPRAISAL section. These will be described in greater
