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INTRODUCTION

PAL BA~~GROUND

The performance of naval ships , aircraft and suth arines , the weapons
and sensors they carry , and the naval ar id marine corps personne l who man
them is intimate ly related to the condition , particularly the ocean and
atirosphere , in which they operate . There is auple evidence, sci~e of it
bitter , in our national military experien ce of situations where a lack of
kna.zledge concerning the environment has had profound effects on the outcar e
of military operations. An exarrpl e is the anph.thious assault on Tarawa by
the U.S. Marines where a lack of environmental information resulted in heavy
casualties because their landing craft had bottorted out several hundred
yards fran shore. An exanple with better results is the successful Allied
1>-Day airphibious landing on the Normand y beaches which was hi~~ly dependent
on weather information and conditions.

These exairples derronstrate that a profound relationship exists between
military operations and the environment in which they take place. Carnianders
must appreciate the variety , variability, and dynamics of environmental inter-
relationships. Their military needs demand that a vigorous program of
environmental ireasureirent be conducted. The global nature of our present
military cci~inittrrents means global rreasurerrent programs must be conducted.
Technically, politically , and econcinically, satellite rerrote sensing systems
offer the capability to furnish the environment data needed to support quick

• reaction global military operations.

C~i 12 February 1975, in recognition of these needs and also of the capa-
bilities afforded by present and future satellites, the Navy formally
established the Naval Environmental Peirote Sensing and Coordinating Corimittee
(NERSCAC) , whose stated mission is:

“TO provide support and recatrrendations to ASN (R&D~ and the Director ,
Space and Canriand and Control and CariTnxiications C’ Division (NOP-986),
in his capacity as coordinator , in planning, coordinating and ixrplement-
ing research and development aspects of the Navy Environtrental Fenote
Sensing Program (NERSP) and as appropriate with the Chief of Naval

• Research and the Oceanographer.”

The NEPSP , referred to in the mission statement, has never existed as
a formally defined program. Rather , it was, and continues to be, a descriptive
term for the loosely related environrrental rerrote sensing activities being
conducted throughout the naval establishment. The NEPSCAC has atteirpted to
coordinate these activities primarily to avoid unnecessary duplication and to
ensure the prurient use of limited fiscal resources available for environmental
renote sensing research and deve1o~xrent . Having no line authority and with
the Navy having no single individual directly responsible for the conduct and
coordination of the NERSP, the NERSCAC has achieved whatever success it has
had by collective bargaining and cczrtprcrnise

.1



In 1976 , the Chief of Naval Research, in realization of his responsi-
bilities to conduct fundamental research in oceanography as dictated by
statute and as directed by the Assistant Secretary of the Navy for Research ,
Engineering , and Systems (ASNRE&S ) , tasked NORDPA, an ONR-subordinate activity ,
to prepare a plan describing the Navy ’s require ments , objectives , and current
and planned programs for satellite reirote sensing .

In March 1978 , NORDA contracted with RMC OR , Inc . of Vienna , Virginia
to assist in preparation of the Satellite Penote Sensing Plan . Up to this
time, NOPD~ had collected a substantial anount of prograninatic data from
Navy activities involved in environmental sensing research and development ,
rro stly frcin individuals who were also participants in the NERSCAC. These
data were furnished to R~~ DR to be organized into a research and development
plan . NORDA further directed RN’COR to avoid addressing any managerrent issues
that were not pr operly the subject of the plan .

The first RAYCOR report entitled , “Report on the Navy Satellite Oceano-
graphic Research Prog ram Plan , ” was delivered to the Navy on 18 May 1978 and
an addendum to this report entitled , “Addendum to the Report on the Navy
Oceanographic Research Prog ram Plan , ” was delivered to the Navy on 28 June
1978. In July 1978 , a review of these reports was held at the Office of
Naval Research. The results of that review and discussions with Navy
personnel resulted in this fina l report .

PURPOSE

The Navy satellite oceanographic research program must relate the environ-
mental data to milita ry missions , operations , and applications . Figure 1
indicates the general relationships axrong data sources , data acquisition , d.~t c
utilization , and the applications of satellite information and data . These
interrelationships are part of the overall plan in institut ing this research
program and achieving the objectives of the program , which should eventually
result in a full realization of the tactical use of satellite data as illus-
trated in Figure 2.

As a result , the purpose of the document presented here is to define the
Navy operational and R&D requirerrents for oceanographic/marine atrrcspheric data
as they derive fran or relate to the fulfillment of Navy missions and warfare
tasks . Having defined the requirements and objectives, this docinrent further
strives to relate these needs to the current and projected technical program
of the U.S. Navy in the area of satellite remote sensing, to determine their
adequacy and to suggest changes needed (if any) to guarantee that Navy and
Mar ine Corps priori ty needs are met. This program plan will serve as a single
technology and management reference for inpletentation and planning of Navy
related satellite programs .
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I

SCOPEp
The scope of this effort addresses renote sensing systems operating

from existing or projected satellite platforme and involves the following :

• Navy missions and tasks

• Navy operational and R&D requirements for oceanographic/marine
atrrosphere data

• R&D objectives

• Technical program

• Operational and developsental remote sensing systems

• Technical and mnanageitent issues

• Program plan details
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~~W MISSIONS AND TASKS

The Navy has four basic missions to perform in support of the national
military strategy:

• Strategic Sea Control

• Tactical Sea Control

• Power Projection Ashore

• Mission Support

Of these , Tactical Sea Control and Power Projection Ashore are designated
as the primary rrissions of the Navy. These Navy missions can be divided into

• their component naval warfare tasks as follows:

MISSION ~~RF~I E  TASK

Strategic Sea Control: Sea-B~se:~ ~)eterrent

Tactical Sea Control: Anti-A.~.r Warfare
Anti-Stbnarine Warfare
Anti-Ship Warfare
Mine and Mine Cotmterireasures Warfare

Power Projection Ashore: Arrphibious Warfare
Strike Warfare
Special Warfare

Mission Support : Ocean Surveillance
Cam~nand, Control and Carmnunications
Support and t~gistics

• personnel,’~~dical

This division of Navy missions has the purpose of developin g the naval
forces weapon systems , and tactical doctrines that are required to ensure overall
proficiency. The details of naval operations and procedu~~r. are set forth in
naval warfare publications . Since the conduct of naval warfare requires an
understanding of both the broad types of naval operations and missions and
the methods for their acccmplishnent , certain aspects of the employment of
naval forces in the c~ rponent naval warfare tasks are described in Appendix A.

6



The missions and warfare tasks of the Navy form the basis for deter-
mining those technical , operational and personnel capabilities that the
Navy must have under the constra ints of a limited defense expenditure and
oriented to a very specific and serious threat . In fact, unless a develop-
rrent can be shown to relate in sate way to an enhancement of the naval
warfare capabilities listed , serious questions about its naval relevancy
must be raised. Consequently, as much as possible of the existing requi re-
ments documentation was reviewed to determine if requirements for
environnental support data capable of being furnished by satellite reirote
sensors were stated either explicitly or iimplicitly. The results of this
review are s~grit)arized in the following:

• Table 1 shows the require rrents documents that apply to each of the
Navy missions and warfare tasks discussed previ ously ar id indicates
which documents appear to support the need for satellite oceano-
graphic research .

• Table 2 matches the current Naval Research Requireirents (ONR
Instruction 3910.2) against the naval missions and warfare tasks
to identify which research requirements are ctzrp atib le with the
objectives for the Satellite Oceanographic Resear ch Program (SOREP)
of the Navy .

• Table 3 cross references these SOREP objectives to the requirements
documents and again indicates which document appears to support the
need for satellite oceanographic research .

Therefore , the Navy missions and functions and naval warfare tasks are
the source of the Navy operational and R&D requirements for oceanographic/
marine atnospheric data . These requirements in turn, form the basis for the
objectives of the Navy SORER. These objectives then be~~ re the goals of the
Navy ’s technical program and the basis for determining which programs to
initiate , continue , or terminate . These R&D Requirements , SOREP Ct,jectiv es,
and Technical Program will be addressed in turn in the subsequent sections
of this plan.

7



Table 1. REXXJIRU’lErnS IX)CUMENIS RELXFED 10 NAW ~~
AND WARFARE TASKS

REQUIRE~ EN2S
D(XX1MEN~S SCU~CE &

~IAW MISSIONS T HNOI.CGY OPERATIONAL R JIRE~1~~rS NAVAL WARFA
~ WARFARE TASKS OBJFLTrIVES ________________________ as listed in NWPj

~STRATEGIC SEA CONT1~)L 
___________ _________________________ ________________

Sea—Based Deterrent (SB) STO/SB SB 01, SB 16, SB 25

~ACFICAL SEA COt~fl~~L 
__________ _________________________ ________________

AA1O, AA24 , AA2 7 , AA2 8, —

Anti—Air Warfare (AA) S’IO/AA AA29 , AA82 , AA94 , Ø916-AA , NWP 12-1, NWP 17~
________________________________ ____________ 

l022—AA 
__________________

ASO1, ASØ2, ASØ3, ASØ6 ,
Anti—Suhn~rine Warfare (AS ) S’IO/AS I~AS15L AS3O , AS55, AS61, NWP 55-2-1, NWP 5

AS82 , AS84 , S02l0—AS ,
S0239—AS , 0229—AS , 0907—AS ,

_________________________________ ____________ 
0927—AS ,_ 0932—AS 

___________________

SH38, SH39 , 51144 , 51145 ,
Anti—Ship Warfare (SH ) STO/SH SH5O , 0301-SH , 0858—SH ,

__________________________________ _____________ 
0957—SH ,_ 0913—Sri ,_ 1031—Sri 

____________________

NW? 26 4NWP 271, N
Mirme/Counterrreasures S’IO,44W ~~ 20 , S0257-MW , SO86O-~~ NWP 27-3 , NWP 27—
Warfare_ (?~~) 

____________ ___________________________ __________________

~CMER P~~IJ~rTION ASHORE 
__________  _______________________  ________________

AW~1, AWØ2 , AWg8 , AW].3, ~~~A~xphibious Warfare (AW) SWIM 0861-AW , 0263-AW, 0877-AW, NWP 22 , NW? 22-2,
0879, 0929—AW , 0507—AW , NW? 22—5 , NWP 22—I

____________________________ __________  
0930-AW 

________________

~~Ol, Th~Ø2 , ‘I~ O~3, ‘IWØ4 ,
Strike Warfare (TW) S’IO,’~IW TW3O, ‘1W33, ‘1W38, 0626-’I~J , NW? 20,

___________________________________ _____________ 
0873—T W , 0947— ’IW , 975—T W

Special Warfare (SW) S’IO/SW I
~~P 4 O J P i 5 - ~~

UPPOgTING TASKS 
___________ _________________________ _________________

0866—OS ,.3878—OS 0562 ,
Ocean Surveillance STO/OS 0760-OS ,1~~~27-o~~ W].027-OS NW? 11, (NW? 12-4~(Intelligence ) (CS ) 

_____________ 
R0l23—OS 

_____________________

CC2O , 0:33, CC34, CC38 ,
Camen d, Control and STO/CC CC45R1, 0:70, CC71, 0:72, 

~~p 4 ~~p 5 NW?C~ rrmnruications (Ct) CC73 , 0:88, 0:92, 0Z A8 ,
0733—CC , 0697—0:, 0960—CC ,

__________________________________ _____________ 
X0997CC ,_ 1026-cc 

____________________

Electronic Warfare ~~~ ~~~ 
12

SLO1, SLO4 , SL~ 5 , SL67R1 , NW? 4 ~P 14—1Logistics SLF7 , SUIl, SluR , 0859—SL , NW? 2 2 °
— Suppo rt&L ogistics (SL ) 

___________ 
Ø925—SL , 0931—SL, 1019—SL 

_________________

RN 45, RN 47, RN 50, P N . 51,
-- Personne1/~~dical (PN) S’lO/?N RN 52 , 0884-RN , 0953-RN , NW? 6

_________________________________ ____________ 
1003—RN 

___________________

~~~~~~~ Indicates same type of requirement related to satellite oceanographic research
( ) Indicates that a publication has yet to be issued

* Indicates that docizment has been released subsequent to NW? 0(H)
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~ 0(H) (Issued April, 1976) TICt~S

r

~ 17, NW? 31 , NW? 32 ,
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NAVY OPERATIONAL P~~ R&D RB~JIREMENTS

~0R O NOGRAPHIC/WiiRINE A’I!~DSPHERIC DATA

OPERATIONAL REQUIP~~~~’IS

The foll~~ing two references outline the operational require ments for
environmental data fran satellites.

• JCS rrenorand~ n 251-76, Military Operational Requirements for
~ ivironnental Data fran Satel lites , 31 August 1976.

• 0P094 letter 612149, Operational Requirement (OR) ; Satellite
~~asurement of Oceanographic Parameters (S~I)P) , 10 August 1976.

The operational requirements for environmental data fran satellites were
* extracted fran the above two refer ences and suninarized in the fo1l~~ing tables :

• Table 4 - Navy oceanographic operational requirements
• Table 5 - Navy marine atn ospheric opera tional require ments
• Table 6 - Navy terrestrial operational requirements
• Table 7 - Navy non—validated operational requirements

where,

Frequency - Satellite geographic re-visit time

TihEliness - Satellite data in hands of user /processor before becaning
perishable

Horizontal Resolution - The dimension of the smallest object (or horizontal
area represented by the parametric value ) which can be dis-
tinguished- by a satellite sensor

Vertical Resolution - The sm allest hei~~t increment discernible by a satel-
lite sensor

Precision - The capability of defining the local gradient of the measurable
oceanographic parameter. Precision is rela ted to sensor sensi-
tivity , digital quantization interna],, and neasurørent noise

Absolute Accura cy - The measurement of the absolute valu e of an oceanographic
parameter

Range - The bounds within which the measurements are to be taken .
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R&D RE~ UIRE~~N~S

The Navy R&D requirements for oceanographic/marine atn~spheric data are
directly related to the required parameters that must be addressed and to the
neasure rre nts that must be made to exploit existing satellites and satellites
under developtent. The parameters are listed in priority order in Table 8
and their irrportance is as foll~~s:

• Surface Winds . This is the highest priority parameter needed to
provide the necessary information for current , wave , and upper layer
mixing ncdels. Assuming that surface tenperature maps can be
constructed , surfa ce wind field data will assist the general circu—
lation node ling effor ts and the determination of the response of sea
surface temperature to transient weather fronts .

• Surface Waves. This parameter is important with respect to kn~~ing
the directional-spectra charac teristics for sea-air interaction re-
search since one-dir ectional spectra are of little use.

• Sea Surface ~~mnperatu re. This parameter is needed to provide synoptic
maps of surface manifestations or ocean weather maps - The ocean
weather features of interest are rresoscale eddies and fronts and are
the features nost likely to have a significant effect on l~~ frequency ,
long range acoustic propagation . The relationships between horizontal
surface gradien ts and the vertical tan-perature structure is essential
if renote surface temperature measurement s are to be used in ocean
dynamic studies - Once this is understood , renote sensing could beo3rre
a key sensor for worldwide understanding of the general circulation
of the ocean and ultimately being able to nodal and predict it.

• Sea Surface ~1bpography. The fourth parameter will be used to help
discern current boundaries , bottom topography , tides, and support
geoidal studi es.

• Other pertinent parameters are identified as footnotes in Table 5.

In addition , the required parameters for therTrohaline nodels are sunm~ rin Table 9 for aocuracy , range, horizontal resolution , freq uency, and area size .

R&D prograxrs are required in a nurrber of areas to exploit existing and
inittinent satellites for Navy oceanographic applications . These R&D programs
require the foll~~ing measurements :

• Infrared measurements for sea surface ter rperature mapping in support
of ASW operations . The rationale and instrunEntation aspects of cb-
tam ing sea surface temperature synoptically have been under develop-
ment for the last twenty years. ~~ a reasonable confidence level ,
the method has been denonstrated with the use of limited surface
control points . Initiation of a global scale effort requiring abso-
lute temperature measurements will require additional R&D in thes e
areas :
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-- DevelopTent of a method for obtaining standardized contact
sea surface terrperatures for contro l and iirplenentation of
a measurement quality assurance procedure . (Surfa ce col-lected temperatures that form the FN~~ data base are not all
measured at the air /sea interfa ce) -

-- Carp lete error analy sis of the spaceborne infrared scanner
calibration .

-- Developre nt of rationale , software , and data reduc tion pro-
cedures to ~~ rpile maps or other pr esentation format.

-- Deve1o~ment of rationale and software to remove cloud data by
using data from war mer , non-rroving objects only (cloud pattern
recognition or slicing) .

-- Develo~xtent of methodology for adjusting spaceborne data to
surface data via best fit with useful cloudles s and quality
controlled ship or btcy reports thereby rerr oving at rro spheric
effects .

• -- Finally, the nost difficult effort of developing structure
functions through relationship s with other environmental
rep orts (winds , pre ssure , current s , bottom topography, etc.)
must be acccitplj shed in order to infer the ocean ther mal and
haline distributions . This total procedure should be accoim-
plished in turn-around cycles of 12-24 hours for maximum useful-
ness in ASW operations .

Other availab le satellite s can noi~i be used to help develop the methodology,but the prima ry effort should probably be oriented to E~~P. Coincidental withthe above process , atirospheric correction techniques must be perfected, in-cluding the follc~ ing:

• Multifrequency rnicrcMave measurements through cloud cover for sea
surface tenpera ture , salinity, sea state , sea ice infor mation. Cloud
cover is the major limiting environ mental factor for utilizing
satellites for oceanographic applications. Although ri gid theoreti cal
analyses and extensive laboratory measuremen ts have been accurplished
indicating that the potential exists to obtain the se needed parameters
through cloud cover , insufficient field denonstration has taken place ,
to date . Tightly controlled field denonstration s must be undertaken
utilizing air craft micr~~ave sensors . This will be a difficult and
expensive task because of the many variables involved and the very
extensive sea measurements requir ed , but trust be undertaken to estab-
lish reasona ble levels of confidence . The effort is justified
because of the unique atnospheric penetration capabilit y that would
be available . Foll~~ing successful certifi cation of engineering
performance of these satellite sensors , it is necessary that geophysica l
validation experii~~nts be conducted to evaluate data reduction al-
gorithms for the n-easureirent of ocean surface , meteoro logical , and
terrestrial parameters . Geophysical validation of sensor performance
requires sur face measurement of the object parameter as well as of
all conditions that will affect the sensor performance . For exarriple ,

19 

~ --~~ - -~- - — - —
~~~~ 

_ _ _ _ _ _  -~



calibration of a rnultifrequency passive microwave radiometer for
measurement of sea surface temperature requires measurement of sea
surface temperature , ocean surface salini ty, surface wind speed,
atnospheric temperature profile, ati-rospheric humidity profile, and
integrated liquid water and water vapor in the atrospheric colurtn .
As another example, validation of synthetic aperture radar measure-
ments of directional wave spectra requires surface measurement of
the directional wave spectra; local wind speed , ati ospheric parameters
including liquid water, water vapor, temperature , and humidity profiles;
and neasurenent of existing surface slicks.

• Continuous updating of knowledge related to coastal changes arid pro-
cesses requires higher spatial resolution imagery and increased manual
interpretation than required for oceanic objectives. Current un-
classified satellites with sufficient resolution are L~NDSAT and possibly
J]~4SP. Limited experimentation has been initiated into using L1~NDSAT
for coastal purposes , such as the Pensacola test, but nore work is
necessary. Potential for automated rerrote turbidity measurement has
been dentinstrated. Success here could lead to iirprovenent of circu-
lation and sedimentation prediction capabilities for amphibious and
mine warfare applications .

• The last area of needed R&D is the application for ice information.
Like the coastal problem, increased spatial resolution arid manual
interpretation are indicated, not to identify the oceanic ice edge
or perennially open ice areas in the Arctic, which can be done with
grosser resolution using L~NDSAT, but to infer ice mechanical properties -
The state of the art for this purpose is based on a manual interpre-
tation of ice pattern (roughness, ridge and lead density and gect~ try ,
etc.) which requires high spatial resolution imagery. Success here

• offers benefits for Arctic P.5W and mine warfare objectives.

20
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R&D OPJ~~TIVES

The overall goal of this Navy Satellite Oceanographic I~ search Program
is to develop and demonstrate the effective use of satellite remote sensors
in oceanographic research and in prediction for Naval operations. The R&D
objectives which must be addressed to acccxplish this overall goal are to
derronstrate satellite sensing utility for determining and predicting:

I. Surface winds

II. Sea surface directional spectra
III. Oceanic therrrohaline structure to depths of acuistic detection

significance
IV. Coastal conditions of inshore warfare significance
V. Arctic ice conditions

VI. Other related research

A brief sunmary of the approach envisioned to accu~plish each of theseobjectives is given in the following sections .

I. SURFACE WINDS

The approach is to use the SAR, scatterareter , and altimeter aboard
SEASA~ to develop a capability to infer surface winds based on sea
surface spectra. In addition, it is expected that sane benefit will
be derived from the analysis of cloud pattern noverrent, as related
to surface winds. Although sane work has been accarplished to
demonstrate promise for these approaches , major controlled experiments
must be undertaken to prove the feasibility ar~ determine the accuracy

• of these techniques.

II. SEA SURFACE DIR~~~IONAL SPECI’RA

The approach for this objective is to deionstrate the abi] ity to treasure
sea surface directional spectra by placing the emphasis cr~ the cunbined
use of the Synthetic Aperture Radar (SAR) , scatteratetcr , j~—id altimeter
aboard SEASAT. Verification of the data collected will be by conventional
surf ace observations , classified satellite data , and aerial photography
since available and foreseeable satellite visible and IR imagery lacks
the spatial resolution required to discern waves less than 50 meters in
wavelength.

III. OCEANIC T~~~~DHP1LINE STRLX ’IURE

The key to rapidly making a major step forward in accarpli~thing this
objective is to capitalize on existing nt~erical node is to accept
satellite data in order to infer and predict subsurface conditions .

* The innediate nodal input parameters of concern are sea surface tempera-
ture , wind speed and direction , salinity , cloud cover , humidity, air
temperature, and radiation. The clouds are the nost significa nt problem
in addition to the obvious limitation of attempting to use surface
measurerrents for sub-surface inferences. It is felt that n-ost visible
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and IR data can be sufficiently corrected for normal atrrospheric
attenuation constraints. However , the future planning is to use
microwave data that will penetrate and be correctable for all but
the nost severe rain clouds . SEASAT and future generations of DMSP
will contain microwave sensors suitable for applicability evaluations .
The program elements detailed in the Technical Plan cover the planned
R&D investigations into the accuracies and applicability of various
satellite sensors to provide the basic input parameters for the pre-
diction nodels.

IV. COASTAL CONDITIONS FOR INSHORE WARFARE

The approach to accxnplish this objective is to use higher re solution
data because of the irore caiplex patterns and smaller sizes of targets
associated with the coastal ocean and land environment. The ability
and applicability of the following satellite systema to this ob:jective
are as follows:

• LANDSAT has derronstrated sate utility for autcxnated classification
of pertinent land features as well as certain water parameters.

• ~ 4SP has sate application in offshore objectives such as long-
shore currents and sediment transport.

• Classified systenE are nost applicable in the coastal terrain
analysis probleme and will be utilized, for this information.

V. A1~~I’IC ICE CCt~DITIONS

There are two facets associated with the approach to acc~x~çlish this ob—
jective. The firs t is to develop a capability to measure and interpret
ice physical properties and the second is to predict ice novetrent and
location . Existing visible and IR data from LANDSAT and U~1SP are applicable
in accctnplishing this objective with cloud cover providing the major cb-
stacle. These data and thchniq~~s would normally be verified by surface
and sub-surface measurements and aircraft photography while classified

• satellite data could also be used. It is planned to irrplerrent controlled
experi ments with the SEASAT while Navy I~MS microwave sensors will be
evaluated to determine their all weather capability . Classified satellite
data will be fully evaluated for information content relative to ice
physical properties.

VI. OIHE R REL)~~~~ R&SEAI~ H

The approach to accarplish this objective is to provide additional R&D
to carplexrent the prior five objectives in order to carplete the require-
rrents of the overall program.
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TECHNICAL PI~X RAM

Tab le 10 surrm arizes the objectives and program elements for the Navy
Satellite Oceanographic Research Program (SOREP) . The following thirty-two
program elements comprise the SORER and are listed in priority
order.

1. flivirortnental Remote Sensing to Develop Sensors , Methods, and Display
Techniques

2. Satellite Radar Altimetry
3. E~ivironmental Remote Sensing to Determine Necessary Remote Sensors arid

Techniq ue
4. Remote Ocean Surface Measurement Systen (I~~ S)
5. SEASAT A Open Ocean Verification
6. Synthetic Aperture Radar Oceanographic Analysis
7. Signal Processing of Satellite Imagery for Oceanographic Information
8. Wave Spectra and Surf C~~amics
9. }fl~’ Radar Spectral Analysis for Remote Sea Sensing

10. Microwave Forward Scattering fran the Ocean at Grazing Incidence
U. Micro wave Forward Coherent and Incoherent Scatter from the Ocean
12. Delta-K Radar Developtent Program
13. Interactions ~zrong Surface Water, Internal , arid Electromagnetic Waves
14. Ed-rote Synoptic Measurement of Sea Surface Currents
15. Sea Spectra Analysis for Wave Height Measurement
16. Water and Air Mess Properties and Dynamic s
17. E~virormental Sensor Asses~ rent (Classifi ed Project)

• 18. Ocean Thexirohaline Distri~ ition fran Satellite Remotely Sensed Data
19. Water Vapor Corrections in the Thexma.~. IR
20. Advanced Retrieval of Ats~ spheric Mass and ~~isth re Profiles
21. Rwote Ocean Subsurface Temperature Profiler (I~)S’IEP )
22. Oceanographic Exploitation of Satellite Data
23. Batharetry and Coastal ‘lbpography
24. Identify, Track, and Predict Iceberg Drift
25. Satellite Observations to Support Arctic E~virorrrtental Studies and

Ice Prediction
26 • Satellite Remote Sensing for Snow arid Ice Cover Over Land
27. Satellite Altimeter Oceanographic Analysis
28. r4il ti-Spectr al Remote Sensing of Aimospheric Constituents

23
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29. Advanced Sensors for Athos~~eric Temperature and ~~ isture Profiles
30. Position Determination of Satellite Remote Sensor Data
31. Interact ive Graphics Display for Navy Environmental Requirements
32. Systeme Upgrade for the S~~-10 and ~ V-29

Each of these program elements has a particular strategy arid time-
framed tactics associated with it, which are fully described in Appendix B
in Volinre II. This approach has been taken to indicate the manner in which
each program element and object ive is expected to be accczplished in order
to achieve the goals of the SORER .

p

p

p

p
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TABLE 10

OBJECTIVES AND PROGRA M ELE fIENTS FOR THE NAVY
SATELLITE OCEANOGRAPHIC RESEARCH PROGRA M

Tfl~E

1 Environmental Rerrote Sensing to Develop Sensors , Methods, and Display Techniques
2 Satellite Radar Altimetry
3 Environmental Remote Sensing to Determine Necessary Remote Sensors and Technique
4 P.enote Ocean Surface Measurement System (1~~~ )
5 SEASAT A Open Ocean Verification
6 Synthetic Aperture Radar Oceanographic Analysis
7 Signal Processing of Satellite Imagery for Oceanographic Information
8 Wave Spectra and Surf Dynamics
9 i~ Radar Spectral Analysis for Reirote Sea Sensing

10 Microwave Forward Scattering fran the Ocean at Grazing Incidence
11 Microwave Forward Coherent arid Incoherent Scatter fran the Ocean
12 Delta-K Radar Developient Program
13 Interactions Arrong Surface Water, Internal, and Electromagnetic Waves

~2 14 Remote Synoptic Measurement of Sea Surface Currents
1$ Sea Spectra Analysis for Wave Height Measurement

~ 16 Water and Air Mass Properties arid Dynamics
17 Environmental Sensor Asses~ rent (Classified Project)

~~ 18 Ocean Therrrchalirie Distribution fran Satellite Reirotely Sensed Data
19 Water Vapor Corrections in the Thermal IR
20 Advanced Retrieval of Atuospheric Mass arid ~bisture Profiles
21 Par ote Ocean Subsurface ~~~~erature Profiler (I~)STEP)
22 C~~arcgraphic Exploitation of Satellite Data
23 Bathenetry and Coastal ~~pography
24 Identify, Track, and Predict Iceberg Drift
25 Satelli te Cbservatior is to Support Arctic Environmental Studies and Ice Prediction
26 Satellite Rerrote Sensing for Snow and Ice Cover Over Land
27 Satellite Altimeter Oceanographic Analysis

28 Multi-Spectral Remote Sensing of Atnospheric Constituents

29 Advanced Sensors for Atnospheric ~~nperature and ?~bisture Profiles

30 Position Determination of Satellite Remote Sensor Data

31 Intoractive Graphics Display for Navy Envii~~wenta1 Requirements

32 SyStema Upgrade for the ~‘~-10 and ~~~-29

I-- - -  -~~~~ — -. - - -~~~
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OPERATIONAL AND DEVELOPMENTAL RE~~)~E SENSING SYSTfl’1S

EXISTING SYSTE~4S

Data applicable to a wide range of Navy environmental research experi-
merits are currently available fran NASA, NOAA, and DoD satellites. These are
listed with selected characteristics in Table 11. Potential applications
inclule synoptic sea surface teirperature, oceanic circulation , clotx~ cover
and type, ice cover and type, mineral and. organic turbidity , and shallow water-
bottan topography. These satellites provide electronically transmitted data
in the visible, near IR, thermal IR, microwave and radar bands. These
satellites have both polar and geostationary orbits providing global data at
intervals fran thirty minutes to eighteen days. A rr~’riad of formal and informal
channe ls and handling procedures for accessing these data (bet~~en Navy users ,
via DoD, to civilian collectors ) have evolved.

SYST~ 4S UNDER D E . O P I €~r

Table 12 s~mrn ar izes the satellite systems under developtent that can
provide Navy environmental oceanographic and meteorological data and infor-
mation . ~be utility of s~~h systems ranges fran minimal to high potential
for future payoff.

SENSORS

The satellite deployed sensors currently available are covered in Table 11.
Table 13 surtrriarizes the projected satellite ocean boundary measurement capa-
bilities expected in the 1978-1980 time frame . The availa ble rerro te satellite
sensor can be grouped into visible/IR sensors and microwave/radar sensors .

Visible/IR Sensors

Various visible/IR sensors have been developed for rro st of the orbiting
and near-term launched satellites. Table U covered the presently
available sensors while Table 14 sun~arizes the expected performance
characteristics of visible/IR sensors to be deployed on satelli tes ex-
pected to be launched in the 1978-1979 time frame.

Microwave/Radar Sensors

Microwave sensors have only been deployed on the NIMBUS 5 and 6 satellite
systems and their characteristics are covered in Table 11. Ha~ever ,
microwave sensors will scon be deployed on the SEASAT-A and Db~ P satel-
lites . Table 15 simmarizes the expected performance characteristics for
the microwave sensors for satellites expected to be launched during the
1978—1979 time period.
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~~ S~~SORS C P,R~~ LY AV~~~

Y~~R OP~RATI~~~L ~~~~~YE~~
SAT~~L T~ IX~~~~D O~~IT ‘IYPE S~~~O~~ S ?E C RL  ~~ D I€SOtLY~IC~ ~~~~~~~~~

N~ •~Z.’S 5 1972 Polar S~~ 15~~ -

19.7 ~iz 20~ 1
55 (~ z 150~ 1 NAD]

~~~~Z$ 6 1975 Polar ‘I~IR 6.5-7.0’~~ 8 & 23K!
ThIR lO . 5—1 2.5 8 & 23K4

l5~~ —

37 Q~z 20K~ ~ rn

L S ~T 2 1975 Polar ~~S 0.4—1.1t -. 8~~I 16~~
IA~ C 1978 Polar ~~S 0.5—l.lir 78~~ 1851~1O.4—12.6’~r~ 78K~ 185~0.5—0.75tr~ 98x981~

1975 Polar Visible & IR 0.5—1.l~~ 0.5 & 3~~ 150~~Visible & IR 8-l3~~ 0.5 & 3~~ i50~~
NG~~~t 5 1976 Polar SR 0.4—C.7 & 1C.5—I 2. 5i ~z~ ~~~ 150~~VE~~ 0.6—0. 7 & lO.5- .2 . 5t~~ 1Kt l50~~VI~R 12 , 15 , & l9~r~ 55~~SP~! -

~~~ 1 1974 Geo~tat ionar y VISSR 0.55 — 0.75~r 1, 2 , & 4K4 15,00
105 West

~~~~~~~ 2 1975 Geo~tationazy VISSR 10.5 — 12. 5trn 8K~ 15, 0~135~’ West

~~~~ 1 1975 Ge8statia ary ~~1 — —
75 West

2 1977 Ge8staticriaxy SE4 - — —
49 West

—- -~~~~ ~ V
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~~~~~~~ wmr~ ~z t ~~~~~r ?~~~.rCATIc!~ V

- Atrospheric a),
~DIR Attospheric ~~~er & ice boundaries

~~~~ Attospheric t~ t~~rature profile

~DIR Attospheric ~~ter & SST (Clood free )

~DIR Attospheric ~~ter & SS’l’ (Clood free)
- Atxrospheric a),

~DIR Attospheric ~~ter & ice b,.rndaries
— Solar data

•60~ 1 ~~astai & terrestrial imagery

~~asta1 & terrestrial imagery
Q~asta1 & terrestrial imagery

~ era C~~ ra Plothgrapby

C1o~~s & ssi’ (Clot~I free)
500K1 Clotx~s & SST (C1o~x~ free)

5001<M C1o~x!s & SST (Cloixl free)
500K’! C1otk~s & SST (C1o~~ free)
N)IR Atnospheric tem~perattn~e profile

— Solar data

5,000K’! C1oi~s & SST (Cicixi free)

5,000RM Cloixis & SST (Cloixi free)

- Solar data

— Solar data

—
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ISSUES RE~ JRING A~T~~TIC~

Having established the Navy requirements for environmental data , the
data that can be furnished by satellites , and the existing or develoçuental
sensors and satellites that can yield this data , it remains to address those
key issues that require special attention by the Navy.

After careful consideration, it appears that there are four fundamental
issues that require att ention and resolution as soon as possible if the Navy
environirental satellite research deve1o~xrent program is to achieve its cb-
jectives in a timely and expeditious manner. The following sections cover
these issues and the subsequent actions that are reoczrnended.

• ISSUES

The four issues requiring attention are as follows (not in priority order):

• • Issue 1 - Satellite R & D Program Management. ~~ major deficiency
in the Navy’s environmental satellite R&D program is that it lacks
central n1anag~~Ent . The Navy programe are scattered throughout the
Navy in organizations which report to different managers . The
~~RSC1~C, as now constituted has neither the necessary authority or
day-to-day continuity to effectively control the entire R&D program.
There is not a single , authoritative, ai~ responsible, designated
manager for these programs who has line authority and bt~ getaxy CO!~~ ~~~~~~

• Issue 2 - Data Thrcughpit. Current and projected spaceborne sensors
will yield enorn-ous voluses of data . It appears to us that even
the present data is not being processed , analyzed , or disseminated
to the R&D ~~ rrr&mity to its full extent. Part of this problem is due
to the lack of a Navy centralized facility for the collection , pro-
cessing, analysis, and distribution of sate llite d ;Vf a.

• Issue 3 - Sensor Performance Verification. Because of the vast in-
stantaneous coverage area of satellites , it becomes a major expensive
task to handle this dynamic oceanographic situation . As a result , in
addition to the centralized facility, there must be scuE means avail-
able , such as an ocean science satellite test range, to test and
verify sensor performance against the SOREP objectiv es.

• Issue 4 - Data Validation. Sufficient ground truth data must be
collected by scientific experiments to validate data obtained from
spaceborne sensors • Furtherirore, this data must establish , once and
for all, whether spaceborne data can be extrapolated in a repetitive,
predictable way to yield water co1~mri data.

tY!1E~DED JCTIONS

The following recczmended actions should be implemented at the earliest
practicable time by the Assistant Secreta ry of the Navy for Besearch, ~~gineer-
ing and Systens in order to address the previous four f~.n~3amenta 1 issues :
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• Designate a line manag er to direct and coord inate , on a full-tine
basis , all envirorinental satellite R&D programs within the Navy .

• Establish or designate a data inanagenent facility as the central
facility to obta in, store , process, assess, and distr ibute satel-
lite and other rerr ote sensing R&D data , both classified and
unclassified. This would create a contact point from which all
Navy users could obtai n other Governmental Agency satellite data .
The center could archive copies of all doc~xrents , software prograns,
and data of significance to Navy dewlc~mental reirote sensing pro-
grams. It ~~uld insure that the highest quality data ~ere available
for the users. This activity eventually ~~uld act as a dissemination
point for the latest plans and news fruit within DoD and other satel-
lite groups. A n~~ithly technical information letter could be issued
from this facility. It could organize quarter ly technical seminars
for information exchange for DoD and other scientists. It ~~uld serve
as a ready, first level source of state-of-the-art status in this

• program for Navy management officials in the D.C. area . It is recoin-
mended that a secure facility staffed by one technically qualified
professional who “knows everybody in the c~~i~ .mity ” with appropriate
contractor support be instituted. A location for the facility is

— not re~~ mended at this tine. However , the location must be chosen
as to enable the center to function with the greatest impact and for
the cxxmtunity. This professional ~~uld also act as the Navy point
of contact for access to all satellite data.

• Establish an ocean science satellite test range to test and verify
sensor performance against the SOREP objectives . This range should
be chosen such that the proper oceanographic and meteorological in-
stnments can be readily iiplenented to achieve the data collectioi~and analysis and should be readily accessible to the Navy ~~~ mmity.

• Plan or direct, as the highest priority R&D programs, those experi-
nents which will determine the validity and usefulness of satellite
data in naval applicati ons .
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