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TERRESTRIAL SCIENCES SUBELEMENT REVIEW
April 10, 1978
Introduction and Overview

By

.
PO NI P SN Y UL Y

Peter C. Badgley
Subelement Monitor and Director '
Arctic and Earth Sciences Division

The review is held in response to a request by the Chief of Naval
Research and is primarily a management type review structured to follew
the guidelines which he spelled out in his memo of 22 December 1977,
enclosure (1). We have also tried to provide an update on the scientific
progress being made by our programs and hope this will be useful to those
whose interest is more concerned with the scientific aspects.

In my introduction and overview, I shall be covering a number of
items as shown in enclosure (2). 1 shall be paying particular attention
to our scientific philosophy and management strategy.

Agenda for Briefing: (Enclosure (3))

Our Research Objectives and Mission Statement are shown in enclosure
(4). We support research to provide:

® An understanding of environmental factors and we support
research which will lead to:

® Real time observation, interpretation and prediction of
environmental factors,

both of which are essential for our operatigonal forces.

Budget:

Enclosure (5) shows the funding situation for this sutelement.
Although none of these funds go automatically to any of the Navy labora-
tories or SYSCOMS, we do fund some tasks in Navy laboratories on a selective 1
basis. The total amount of $9.2 million for FY 1979 was the 0SD/OMB budget
submission to Congress. This Congressional budget submission was later ]
revised to $8.9 million as shown in enclosure (6) to allow for the Defense
Science Engineering Program (DSEP). We hope to get some of this reductior 4
back to support items which we recommend under this D.S.E.P. Program. 3
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Enclosure (6) also shows how the funding is allocated to the individual
programs of this subelement.

Funding Problem:

Dr. Johnson's review of our Arctic Program will note that in response
to both scientific and strategic concerns virtually all of our Arctic
research in FY 1979-81 will be focused in the eastern Arctic. The $5.168
mitlion shown for FY 1979 (Arctic Program) includes the resources regquired
to support our investigations in the eastern Arctic. The Naval Arctic
Research Laboratory at Barrow is poorly located geographically to support
these eastern Arctic field efforts, in a cost effective manner. It is
hoped, therefore, that the winding down of NARL to some reduced level
will not affect, by diversion of scarce 6.1 research dollars, the vital
eastern Arctic efforts.

Scope:

The scope of this subelement is shown in enclosures (7) and (8).
Enclosure 17; shows the relationship of the Terrestrial Sciences subelement
to other parts of the environmental sciences. You will note in enclosure
(7) that we cover the air-sea-land interface region in the coastal regions
and we cover the land-air-ice-sea interfece zones in the Arctic. The
Environmental Factors Program that Mr. Joiner will describe later involves
research that relates not only to the Arctic and Coastal Environments,
but also has some concerns for the air-sea interface and the ionosphere-
earth wave guide. Enclosure (8) shows the major subject areas covered in
the Terrestrial Sciences Subelement.

Rationale for Subelement:

The reason for this subelement is indicated in enclosure (9). Environ-
mental factors are very important for many types of Navy and Marine Corps
operations, as we all recall from the D-Day and other operations of World
War II. As shown in enclosure (10), you will note that there is still:

°A very Timited knowledge of the critical environmental and
geophysical factors in the eastern Arctic and Marginal Ice
Areas.

°A very limited submarine detection capability in both of
these Arctic regions and in the shallow waters of the
continental shelves.

In the bottom line in enclosure (9) you will note that [ stress the importance
of selecting the most pertinent variables to measure. Enclosure (11)
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amplifies this point. In the left hand column are summarized those
parameters that can have a significant impact on the success or failure of
various coastal missions. The numbers in the vertical columns signify the
degree of impact which these parameters will have on the success or failure
of a mission if they are ignored. It is important to be able to measure
and predigt those parameters which are critical for particular missions.

In many.m1ssions a great number of these parameters are important, and
developing prediction models which will handle all of these variables is
one of the major tasks of our coastal researchers.

Scientific Needs of Program:

In enclosure (9), you will note that we have a number of important
scientific needs if we are to conduct this research program successfully.
We must understand the major driving forces of the environment. The most
important of these driving forces is the atmosphere and we must understand
its relation to ice, to land and to the sea surface.

The impact of the atmosphere on coastal parameters is shown dramatically
in the simple model in enclosure (12). Note that the wave patterns, coastal
currents and wind directions in a coastal region are in a state of almost
continuous change as a front passes through a region. In Western Europe,
we have storm fronts passing across the European coasts about twice each
week. If we do not understand these environmental processes and inter-
relations, then it is impossible to make accurate predictions for either
strategic or tactical purposes.

Technical Needs of Program:

In addition to these scientific needs, there are a number of technical
needs in enclosure (13) that we must be concerned about in the environmental
sciences if we are going to be able to produce research products of value
to the Mavy and Marine Corps.

In the basic research arena, we are concerned most with the last two
items indicated, namely converting the sigrals measured by instruments in
the field rapidly into meaningful geophysical parameters and getting this
information rapidly into displays, charts or prediction models.

Key Scientific/Technology Areas:

In conducting this research program, we are concerned with several
key scientific and technology areas as shown in enclosure (14). T shall
say a few words about the first two of these areas, to give you some views
on their current status. You will be hearing about other items in
enclosure (14) from later speakers.




Remote Sensing:

An abbreviated statement of the current status of remote sensing as
it relates to the Navy and Marine Corps is shown in enclosure (15). The
civilian agencies are doing a great deal. It is important for us to select
those areas that are most critical to the Navy. Some of the remote sensing
research areas that we feel are important for our program are shown in
enclosure (16).

Prediction Models:

With enclosure (12), which was presented earlier, I mentioned that it
is important for us to be able to develop prediction models which can fore-
cast the changes which occur frequently in nature.

Enclosures (17) and (18) give you several examples of the geophysical
prediction models that are now being worked on by our researchers. These
are tough problems and take a number of years to perfect. They are in
various stages of development at this time. A major portion of our research
effort in this subelement is concerned with the development and perfection
of such prediction models and getting them transferred into operational use.

Management Philosophy and Strategy:

Our management philosophy and strategy are shown in enclosures (19),
(20) and (21). In particular, we try to capitalize on new, exciting and
innovative scientific research opoortunities which could have important
value to the Mavy. We also continue to support a number of broad fundamental
projects which can yield many end products.

Some of the new thrusts initiated in the past year are shown in enclosures
(22) and (23). You will note also that we are working on several multi-
national cooperative projects and the location of these and other important
field projects tnat we have planned or are fostering are shown in enclosure
(24). 1 should also emphasize that we are involved in collaborative research
with other disciplines within ONR, NRL and other parts of the Navy as shown
in enclosure (25).

Upcoming Opportunities:

Some of the opportunities we hope to exploit in the near future are
shown in enclosure (26).

The North Sea Experiment, which will be described in greater detail
later by Mr. Dolezalek, represents a major opportunity for ONR. It has
some thirty investiaator teams from eight countries. We hope to support -
the involvement of several key U.S. scientists in this experiment. The
opportunities in the eastern Arctic are equally important.
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DoD Benefits:

Some of the expected benefits we expect for the Navy and DoD over the
next decade are shown in enclosure (27).
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DEPARTMENT OF THE NAVY
OF FICE OF NAVAL RESEARCH
ARLINGTON, VIRGINIA 22217 N REPLY REFER TO

2 2 pec w77

From: Chief of Naval Research
To: Distribution List

Subj: ONR Internal Review of 6.1 Subelement and 6.2 Thrust Areas

Encl: (1) Review Schedule

1. The purpose of this memorandum is to schedule a series of internal
reviews in support of FY 79 program decisions. The reviews will cover
the individual 6.1 subelements and ONR 6.2 thrust areas. They will
each be conducted during one day, as scheduled in enclosure (1), be-
ginning on 6 February 1978.

2. The reviews will be held at NRL, commencing at 0900 on scheduled

days. ONR Code 100P will be the ONR focal point for all facility and
visual aid matters. Subelement monitors are requested to contact Code
100P at least a week in advance with any requests for special arrangements
and with a list of attendees.

3. The reviews should strive for an atmosphere of informality, involving
both speakers and audience, and hence should allow ample time for dis-
cussion. To promote such informality and to focus on issues, the par-
ticipation by outside offices should be limited; although appropriate
representatives from ASN(R,E&S), Op-987, NAVMAT-08, SYSCOM 03 staffs, in
addition to NRL, NORDA and ONR Branch Offices, should be included. Sub-
element monitors will be responsible for inviting outside participation.

4., In view of the anticipated background of the audiences, the reviews
snould concentrate on substantive issues rather than lengthy and compre-
hensive project descriptions. Key questions/topics to be addressed are:
: (a) Subelement or Thrust Area philosophy, objectives, scope and
selected priority problems and issues in need of management
attention.
! (b) For each Program/Project subarea discuss:
(1) How does the program fit within:
* Navy needs

* ONR
* Total Navy and other R&D efforts

(2) What are the key research and technological subareas to
which the naval audience should be alert?

Enclosure (1)
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Subj: ONR Internal Review of 6.1 Subelement and 6.2 Thrust Areas

(3) How does the transitioning from program accomplishment
to naval utility work, what might such transitioning
lead to?

(4) What are outstanding management problems or issues?

5. It is requested that Project, Subproject and Task Area documentation,
e.g. 1634's, be distributed to ONR invitees one week prior to the review.

6. The ONR point of contact for further information is Dr. Robert J.
Lundegard, ONR Code 102.

-~
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R. K. Geiger

Rear Admiral, USN
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OPERATIONAL SENSITIVITY (0.5.) OF NAVAL WARFARE AREAS TO ENVIRONMENTAL FACTORS (E.F.)
WARFARE AREAS
Base/ Air

l Strat  Surf AMP Mine Spec Log Harb Air Recce. 1 0.5.
Wef  Wief P/ASWes Wit Wrf Wef Ops Sup Wrf & Surv Sum's

ENVIRONMENTAL

FACTORS SEGMENT INSHORE WARFARE

Visibility A.O,L/S/A 2 3 I 2 4 4 4 3 0 I 4 4 30
E. M. Prop. A LEC 4 4 2 k] 2 0 3 | 4 4 7
Wind A 2 2 2 2 0 0 2 2 t 0 1
Surf. Waves L/S/A, O 2 3 3 4 4 4 4 4 0 0 28
Currents L/S/A, O 0 | 0 4 3 4 4 3 0 0 19
Tides L/S/A 0 0 0 4 4 3 4 3 0 0 18
lce, lcing L/S/A, S/A 4 3 4 4 3 2 3 2 0 2 27
Trafficability L/S/A 0 0 0 4 0 0 4 } 0 0 9
Bathymetry L/S/A0 2 2 2 q 3 2 4 3 0 0 2
Sound Prop. O 3 2 4 2 2 0 2 0 3 4 2
Int. Waves ] 3 0 4 0 | 0 0 0 0 0 8
Layer Depth O 3 2 4 0 0 0 0 0 0 0 9
Magnetics E.C. 3 0 3 0 3 0 0 t 0 3 13
Gravity E.C. 3 0 l 0 ! 0 0 0 0 0 S
Elec.Hazards A, S/A 4 3 0 2 0 0 2 1 3 3 18
Env. Catas-

trophies® ASALSAEC 0 4 O 4 4 4 4 4 0 26
TOTALS 5 9 3 41 34 21 9 25 16 2

| = lonosphere. A = Atmosphere, L/S/A = Land/Sea/Air Interface, S/A = Sea/Air Interface, O = Ocean,
EC = Earth’s Coast

1, 2, 3. 4 = Little, Minor, Moderate, Major influences on operations if ignored
* Environmental Catastrophies includes hurricanes, Tsunamis, Earthquakes of infrequent but severe nature
*2 Includes Shaliow Water Submarine Warfare

This figure shows why the environment is so important for Marine Corps
operations. Environmental factors are listed in the left hand column
and the numbers 1, 2, 3, 4 represent increasing degrees of influence
which the environment factors exert upon the various warfare areas. For
example, if we were to ignore longshore currents in an amphibious
operation, this could cause a major detrimental influence upon the
success of such an operation.

19 Enclosure (11)
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Bp ¢ BAROMETRIC PRESSURE o WIND mph ——=— BREAKER ANGLE ® cument

Changes in Waves, Wind, Currents, etc. Resulting from Passage of
Storm Front Through a Coastal Area

The ultimate objective of ONR's various Remote Sensing Programs
vis-a-vis inshore warfare activities is to be able to provide near real
time observations or up-to-date tactical predictions of such coastal
environmental factors as longshore currents, wind and breaker direction
and intensity, visibiifty, etc. In this example we note that these
factors are in a state of almost continuous change with the passage of
a major frontal system through a coastal region. One of ONR's major
objectives 1s to develop a capability to monitor and predict in real
time, changes in coastal conditions throughout the world from a few
strategically located positions.

20 Enclosure (12,
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I. INTRODUCTION

The prime objective of the Arctic Program is to stimulate and manage
a research program that keeps pace with operational needs and known
technology gaps.

Research is, therefore, required to acquire the environmental infor-
mation that is essential for optimizing submarine/antisubmarine detection
and interdiction techniques in the Arctic Ocean and its approaches from
the Atlantic and Pacific Oceans. Additional objectives are to improve
ice forecasting and climatologic predictions, long range communications,
and the efficiency of potential Arctic amphibious, air, and surface opera-
tions, Arctic construction, and human adaptability to the Arctic environment.

Strategic Importance

During the 1950s and 1960s the principal justification for support of
ONR's research and development in the Arctic Ocean was its possible
significance as a frontier with Russia and as a scene of military operation
(over-the-pole manned bomber threat). The growth of the USSR icebreaker
fleet and the recent Soviet demonstrated capability to launch ICBMs from
submarine platforms in the Arctic lends renewed significance to these
earlier fears. Additionally, the freedom of access to the Arctic Ocean
from the Atlantic Ocean is being challenged by the Soviets as well as the
right of innocent passage.

Recent economic developments have added another reason for the
strategic importance of the Arctic. Its potential as a waterway to support
exploitation of petroleum and as an area of off-shore petroleum production
has drastically changed its importance and the requirements for protecting
U.S. presence there. Long-term Navy-supported geophysical studies indicate
that the U.S. Alaskan North Slope, and offshore continental shelf probably
contain substantial petroleum reserves. These developments pose strategic
considerations of increased concern to the Navy in its function of protecting
U.S. interests and property in this area.

i

Tactical Importance

In regard to Naval tactics the Arctic Basin is unique -- miilions
of square miles of tumbled ice, churned constantly by the wind, with new
open leads and new pressure ridges in a constant state of flux. Compared
with other regions, weather conditions, although varying between wide
seasonal extremes, are remarkably uniform and predictable over vast areas.

To the fleet, these operating conditions demand drastic revision
of normal procedures. The tumbled pressure ridges crisscross the surface
and impede travel on and under the pack ice, but they also provide conceal-
ment from prying radar and sonar. Every natural environmental factor,




from the unpredictable ionosphere to the uncharted rugged floor of the
Arctic Sea, suggests possible advantages as well as handicaps.

The Arctic Program is atypical in ONR since it is an area program
and involves many disciplines (atmospheric physics, sea ice physics,
geography, coastal hydrodynamics, acoustics, cold region adaptation and
construction problems, etc.). The area involved is that region north
of the Arctic Circle and the Marginal Ice Zone (MIZ) which is the area
immediately adjacent and contiguous to the Arctic Ocean which has an
annual ice cover. The boundary between these two areas is imperceptible
and not fixed in time and space. The Arctic Basin, as defined, is about
five million square kilometers in area. The Seas: Kara, Laptev, New
Siberia, Chukchi as well as parts of Bering, Barents, Labrador, Norwegian,
and Greenland Seas, parts of Davis and Denmark Straits, the straits, bays
and gulfs of the Canadian Archipelago, part of the Gulf of St. Lawrence,
Baltic Sea, and the northern end of the Sea of Japan. It is our purpose
to understand, predict and ultimately make an effort to control this
environment for our use.

[I. PRINCIPAL THRUSTS

1. Determine various Arctic/Marginal Ice Zone Arctic Environmental
parameters (biologic productivity, sediments, coastal processes, seay
ice, water masses and currents, air-ice-sea interactions) for potential
effect upon weapon systems and ASW/USW operation.

2. Crustal Geophysical/Geodesy. Determine Arctic potential field and ™
the controlling crustal processes for use in ASW/Vertical Deflection and
surveillance purposes.

3. Determine the Acoustic characteristics of the Arctic in support of
naval operations.

4. Investigate the potential for Remote Sensing in support of environmental
forecasting, ASW/USW in Arctic areas.

5. Environmental Models. Develop prediction capabilities for major water
and ice movements, ice growth and decay, climatology, etc., under
influence of various atmospheric and oceanographic stresses for use in
supporting fleet operations.

Program Compenents

Description: Empirical studies are a necessary first step for the
determination of the effects of the Arctic environment of naval operations.
Due to the remoteness and harsh climate, knowledge of many aspects of the
environment such as the dynamics of the upper water masses, is still in
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IIT. DESCRIPTION OF MAJOR PROGRAM THRUSTS

a rudimentary stage. For example, the distribution of ice thickness is
almost totally unknown.

Prediction: Once a sufficient data base is acquired, models can be
constructed and a predictive capability will become a reality. Crude |
ice distribution and thickness models have been constructed. Urgently b
required are models of the upper layers of the Arctic water mass for the }
submarine fleet and weapon systems.

Control: Control or utilization of the environment is the ultimate
goal of the program. At the present time, we are well removed from this
goal.

Funding

A summary of the funding of the principal thrusts of the Arctic Program
is shown in Figure 1 by total percent effort and funding trends from FY 77
through FY 79 in thousands of dollars. Emphasis is shifting toward modeling
efforts, acoustics, and remote sensing. Due to probable wind down of NARL
activities, logistic support has been integrated in the thrust budgets for
FY 79 under the assumption that support will come from various contractors.
Figure 2 shows the breakdown of the allocation of CRP funds to various
research organizations.

EFFECTS OF ARCTIC ENVIRONMENT

The objective of this thrust is to develop capabilities to identify |
those environmental factors that can support or degrade Navy operations
in ice-covered waters whether they be nearshore, surface, subsurface, or
air. We must know the effects of various Arctic and MIZ parameters upon
active and passive surveillance systems, upon submarine navigation, target
acquisition, weapons guidance, and communications. We must understand the
nature and distribution of ice movement, of ice roughness, of thermal
cracks, of ice deformation features, of biologic populations, coastal
processes, and marine sediments. Significant scientific problems are:
(1) distribution, origin, and composition of Arctic aerosols; (2) cryosphere
paleoclimatology; (3) dynamics of Arctic mixed layer; (4) coastal and
water mass dynamics of fjords, and (5) topside/bottomside ice relationships.

Climatology and Meteorology

(A) Objectives:

Determine the effect on the Arctic and global climate of various
environmental parameters in the Arctic region. This is a diverse effort
covering paleoclimatology from sediment cores, COZ exchange rates between
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ice and the atmosphere, heat fluxes from the ocean and ice, stratus

clouds and the Arctic haze layers. Much remains to be learned about the
vertical and horizontal heat fluxes, regional and mesoscale air-sea
transport of gases, and the effect of gases on other physical, chemicatl,
and biological systems in the sea. These facets of the environment all
affect the ice cover which is of paramount importance to Arctic operations.
The polar regions provide a unique phenomena by the presence of sea ice
which traps gases. Gas composition and transport within the sea ice may
be highly time dependent and effected by changes in air temperature,
pressure, biological productivity, and partial pressure of gases dissolved
in the sea.

TR

Physical Oceanography

(A) Objectives:

This program is focused toward direct current measurements and
water mass analyses to elucidate the vertical and horizontal fluxes and
energy through the Arctic Ocean. Of prime importance is a complete
understanding of those processes in the Arctic mixed layer which determine
the density and velocity structure of the upper 300 m. Varying environmental
conditions such as open leads, formation of new ice, pressure ridges, and
storms all effect the underlying water masses and fluxes of mass and energy.

Ice Physical Properties

(A) Objectives:

The objective is to determine mechanisms of thrust faulting in
sea ice, modes of formation of pressure ridges and quantify frictional
drag; to determine loading and freezing characteristics of sea ice for
runway construction; and quantify ice thickness distribution and relation
between surface and bottom roughness.

Geologic Processes

(A) Objectives:

This field of research covers a 