UNCLASSIFIED

FY 2004/2005 RDT&E,N BUDGET ITEM JUSTIFICATION SHEET DATE: February 2003
Exhibit R-2

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602435N
PROGRAM ELEMENT TITLE: Ocean Warfighting Environment Applied Research

COST: (Dollars in Thousands)

PROJECT FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009
NUMBER/ ACTUAL ESTIMATE ESTIMATE ESTIMATE ESTIMATE ESTIMATE ESTIMATE ESTIMATE
TITLE

Ocean Warfighting Environment Applied Research

60,549 71,027 48,785 63,729 58,657 58,228 54,590 55,495

A. MISSION DESCRIPTION AND BUDGET ITEM JUSTIFICATION: This Program Element (PE) provides the unique, fundamental
programmatic instrument by which basic research on the natural-environment is transformed into technology
developments that provide new or enhanced warfare capabilities for the Battlespace Environment (BSE). The
objectives of the PE are met through measuring, analyzing, modeling and simulating, and applying environmental
factors affecting naval material and operations in the BSE. This PE provides for BSE technology developments
that contribute to meeting top joint warfare capabilities established by the Joint Chiefs of Staff, with primary
emphasis on Joint Littoral Warfare and Joint Strike Warfare.

Recently, a new strategy, referred to as the Naval Transformati on Roadnap, has been fornul ated; the efforts in
this Program El ement strongly support Sea Shield. This programfully supports the Director of Defense Research
and Engi neering’ s Science and Technol ogy Strategy and is coordinated with other DoD Conmponents through the

Def ense Sci ence and Technol ogy Reliance process. Wrk inthis PEis related to and fully coordi nated with
efforts in accordance with the ongoing Reliance joint planning process. There is close coordination with the US
Air Force and US Arnmy under the Reliance programin the Battl espace Environment categories of Lower Atnosphere,
Ccean Environnents, Space & Upper Atnosphere, and Terrestrial Environnments. Wthin the Naval Transfornation
Roadmap, the investnment will contribute toward achi eving each of the "key transformati onal capabilities"
required by Sea Strike, Sea Shield, and Sea Basing. Moreover, environnental information, environmental nodels
and environmental tactical decision aids that enmerge fromthis investnent will formone of the essential
conponents of FORCEnet (which is the architecture for a highly adaptive, human-centric, conprehensive nmaritinme
systemthat operates from seabed to space, fromsea to |and).

The Navy programincludes projects that focus on, or have attributes that enhance, the affordability of
war fi ghting systens.

Due to the number of efforts in this PE, the programs described herein are representative of the work included
in this PE.

B.PROGRAM CHANGE SUMMARY :

‘ FY ‘ FY FY FY
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2002 2003 2004 2005
FY 2003 President's Budget Submission: 62,035 55,180 55,570 55,480
Adjustments from FY 2003 President’s Budget:
NWCF Rate Adjustments - 395 - 40
SBIR Adjustment - 266
Congressional Rescissions/Adjustments/Undist. - 303 - 832
Reductions
Execution Adjustments - 917
Congressional Plus-ups 17,450
Efficiencies at NWCF Activities - 170 - 180
S & T Program Adjustments -4,925 10,147
Pay Raise/Inflation Adjustments - 771 -1,295 -1,678
FY 2004/2005 PRESIDENTS’S Budget Submission: 60,549 71,027 48,785 63,729

PROGRAM CHANGE SUMMARY EXPLANATION:

Schedule: Not applicable
Technical: Not applicable
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PROGRAM ELEMENT TITLE: Ocean Warfighting Environment Warfighting Environment
Applied Research Applied Research
COST: (Dollars in Thousands)
PROJECT FY 2002 FY2003 FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009
NUMBER/ ACTUAL ESTIMATE ESTIMATE ESTIMATE ESTIMATE ESTIMATE ESTIMATE ESTIMATE
TITLE

Ocean Warfighting Environment Applied Research
60,549 71,027 48,785 63,729 58,657 58,228 54,590 55,495

A. M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: This project provides the unique, fundanenta
programmatic instrument by which basic research on the natural-environnent is transforned into technol ogy

devel opnents that provide new or enhanced warfare capabilities for the Battlespace Environnent (BSE). Natural -
envi ronnent and BSE are used interchangeably; each termis to be understood to potentially enconpass aspects of
t he ocean, atnosphere, space, or |and.

This project also provides technol ogies that formthe natural-environnent techni cal base on which all systens
devel opnent and advanced technol ogy depend. Further, this technical base provides devel opnments that nay be
utilized in the Future Naval Capabilities programs: O ganic M ne CounterMasures and Autononbus Operations.
This project contains the National GCceanographic Partnership Program (NOPP)(Title Il, subtitle E, of Public Law
104-201) enacted into law for FY 1997. A mmjor conmponent of the program supports general needs in the area of
M ne Counterneasures (MCM. The objectives of the PE are nmet through neasuring, analyzing, nodeling and
simul ati ng, and applying environnental factors affecting naval material and operations in the BSE

This project provides for BSE technol ogy devel opnents that contribute to neeting top joint warfare capabilities
established by the Joint Chiefs of Staff. Major efforts of this PE are devoted to (1) gaining real-tinme

know edge of the BSE, (2) determ ning the natural-environnent needs of regional warfare, (3) providing the on-
scene comuander the capability to exploit the environnent to tactical advantage, and (4) devel opi ng at nmospheric
research related to detection of sea-skinmmng missiles and strike warfare.

This project provides natural -environnent applied research for all fleet operations and for current or energing
systens. Major devel opnents are routinely transitioned to the Fleet Nunerical Meteorol ogy and Cceanographic
Command where they are used to provide tinely information about the natural environment for all fleet
operations.

Joint Littoral Warfare efforts address issues in undersea, surface, and air battl espace. Prograns include ocean
and atnospheric prediction for real-tine description of the operational environnment, shall ow water acoustics and
mul ti pl e-influence sensors for undersea surveillance and weapon systens, and influences of the natura

envi ronnent on mine counterneasure (MCM and anti-submarine warfare (ASW systens.
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Joint Strike Warfare efforts address issues in air battl espace dom nance. Prograns include influences of the
natural environnent on air operations, electromagnetic (EM/electro-optic (EQ systens used in intelligence,
surveill ance and reconnai ssance and targeti ng, bonb damage assessment, and detection of missile weapon systens.
They al so include inprovenents in tactical infornation managenent about the BSE

Recently, a new strategy, referred to as the Naval Transformati on Roadmap, has been formul ated; the efforts in
this project strongly support Sea Shield. This programfully supports the Director of Defense Research and
Engi neering’ s Science and Technol ogy Strategy and is coordi nated with other DoD Conponents through the Defense
Sci ence and Technol ogy Reliance process. Wrk in this project is related to and fully coordinated with efforts
in accordance with the ongoing Reliance joint planning process. There is close coordination with the US Air
Force and US Arny under the Reliance programin the Battl espace Environnent categories of Lower Atnosphere,
Ccean Environments, Space & Upper Atnpsphere, and Terrestrial Environnents.

Wthin the Naval Transformati on Roadmap, the investnment will contribute toward achi eving each of the "key
transformati onal capabilities” required by Sea Strike, Sea Shield, and Sea Basing. Mreover, environmenta

i nformation, environnental nodels and environnental tactical decision aids that emerge fromthis investrment wll
formone of the essential conponents of FORCEnet (which is the architecture for a highly adaptive, human-
centric, conprehensive maritime systemthat operates from seabed to space, fromsea to |and).

The Navy programincludes projects that focus on, or have attributes that enhance, the affordability of
war fi ghting systens.

Due to the number of efforts in this project, the programs described herein are representative of the work
included in this project.

B. ACCOMPLISHMENTS/PLANNED PROGRAM:

FY 02 FY 03 FY 04 FY 05

Batt| espace Environment (BSE) Sensors 7,209 8,133 7,295 10,880
and Dat a
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This activity enconpasses efforts to devel op new, or enhance existing, shipboard, in-situ, airborne, and
spaceborne sensors and appropriate inversion techni ques and data handling techni ques to obtain/store/ manage
environnental data. Data on a variety of processes in the environment are essential for several reasons: the
data can serve as input to conputer prediction schenes; data can be used to provide characterizations of
processes for use in other devel opnents; and data can be used in testing/validating current understandi ng of
ocean and at nospheric behavior. Consideration is routinely given to the basic research available in Sensors and
Data to deternmine if new opportunities exist that can be exploited to rapidly advance toward the goals of the
BSE Sensors and Data activity. Consideration is also routinely given to the nature of the technical efforts to
ensure that they represent the nost effective neans of achieving progress. Efforts include use of organic
sensors to characterize the operational environment in real tinme for input into performance prediction of

war fi ghting systens. Devel opments in the BSE Sensors and Data activity are of inportance to littora

oceanogr aphy, anphi bi ous warfare, mne counterneasures, and anti-submarine warfare. A main enphasis of work in
this area remains the littoral ocean which continues to be seen as the prinary battl espace of future conflicts.
The BSE Sensors and Data activity supports the Navy Transformati on Roadmap strategy by providing required data
that can be applied to battl espace characterization in near real-tinme and al so enployed in intelligence,
surveil |l ance, and reconnai ssance.

FY 2002 ACCOVPLI SHVENTS:
e Additional focus was given to: G obal Data Assimilation Experinent (GODAE), biol umnmi nescence sensor
field data for physics-based nodels for hyperspectral imaging sensors, naval inmpact of natura
envi ronnental processes (especially for the littoral zone), and autononobus underwater vehicle sensors

and technol ogy for oceanography and m ne counterneasures (MM .

e Compl eted the advanced ocean wave prediction nmodel devel opment which inproves the predictive capability
of wave prediction in the littoral region and established a nmechani sm by which other devel opnents in
wave prediction can easily transition to the fleet.

FY 2003 PLANS:

e Continue devel opnents in: GODAE, biolum nescence sensor, field data for physics-based nodels for
hyper spectral inmaging sensors, naval inpact of natural environnental processes (especially for the
I1ttoral zone), and autononpbus underwater vehicle sensors and technol ogy for oceanography, mne
count ermeasures, and prediction of nine burial

e NATO Adriatic circulation experiment will field test a new bottom sensor system and use data for rapid
envi ronment al assessnent.

FY 2004 PLANS:
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Continue support of efforts in GODAE as a contribution to data assimilation for global ocean prediction
capability through collaboration between the Navy’s Fleet Numerical Meteorological and Oceanographic
Command and the NOAA Pacific Marine Environmental Laboratory, as well as others.

Continue with efforts to transition the small, low-power, lightweight bioluminescence sensors, which are
of special importance to Special Forces and their operations.

Use space-based optical sensors as input for system performance of both active and passive optical MCM
sensors.

Perform anal ysis of extensive field data for physics-based nodels for hyperspectral imaging sensors of
the ocean surface/near-surface to establish what information can be deduced from such sensors about the
upper layers of the ocean. This effort promses to put a firmfoundation to this significant new

t echnol ogy.

Naval inpact of natural environnental processes, such as fluid/sedinment processes, in the littoral zone
continues to be a key area of devel oprment, with applications to mine burial and littoral warfare in
gener al

Devel op a shipborne Light Detection and Rangi ng (LI DAR) system for neasurenent of w nds and the near-
surface EM EO propagati on environnent.

Autonomous Underwater Vehicle (AUV) technology continues to represent a major area of technological
revolution for ocean sensing. Continue efforts to develop ocean sensors for use on AUVs and the
development of acoustic communication capabilities to transfer data so acquired to facilities in the
field. Extend capability to predict acoustic communication channel error rate performance for networked
systems.

Continue efforts to utilize organic sensors for Rapid Environmental Assessment (REA).

Continue with further advancements in ocean wave prediction, especially shoaling waves, based on the
extensive basic research measurement programs in this area over the past decade and advanced techniques
such as the Higher Order Spectral Model. Ocean waves constitute a key process in the littoral zone with
the ability to affect many naval operations and we seek as robust a predictive capability as possible.
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FY 2005 PLANS:

Continue support of efforts in GODAE as a contribution to data assimilation for global ocean prediction
capability through collaboration between the Navy’s Fleet Numerical Meteorological and Oceanographic
Command and the NOAA Pacific Marine Environmental Laboratory, as well as others.

Continue the bioluminescence sensor effort with emphasis on needs of the Special Warfare (SPECWAR)
forces, survey capabilities, and use of the bioluminescence sensors in joint field measurements with
ocean sensors to determine persistence of the bioluminescence signal and the ocean factors controlling
the persistence. Evaluate and pursue additional opportunities for further development of the capability
to utilize bioluminescence sensing capabilities for naval warfare.

Completion of analysis of hyperspectral field data for physics-based models hyperspectral imaging
sensors of the upper ocean structure. Hyperspectral imaging technology offers new possibilities in
inferring critical ocean structural aspects such as near-surface layers and ocean fronts, both of which
can influence acoustic and light transmission in the ocean. Give full consideration to the
possibilities of utilization of hyperspectral data for naval warfare. Transition results to fleet
operational capabilities.

Naval inpact of natural environnental processes, such as fluid/sedinment processes, in the littoral zone
continues to be a key area of devel oprment, with applications to mine burial and littoral warfare in
general .

Conduct a field test of a shipborne LIDAR system for near-surface environmental characterization.

Continue with efforts to develop ocean sensors for use on AUVs and the development of acoustic
communication capabilities to transfer data so acquired to facilities in the field. Utilize joint field
work with other AUV technology developers and users as a routine aspect of the program.

Continue with further advancements in ocean wave prediction, especially shoaling waves, based on the
extensive basic research measurement programs in this area over the past decade. Ocean waves constitute
a key process in the littoral zone with the ability to affect many naval operations and we seek as
robust a predictive capability as possible.
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FY 02 FY 03 FY 04 FY 05

Batt| espace Environnment (BSE) Concept 19,827 22,091 20,647 24,322
Enabl er s

Concept enablers for the battl espace environnment represent technol ogy devel opnents that are expected to provide
revol utionary, enabling capabilities but require a |long period of developnent. GCenerally, the concept enablers
represent ideas of wide applicability for which the basic research has been acconplished with indications as to
a high payoff to naval warfare interests. Consideration is routinely given to the goals to ensure that they are
adequate for the presuned naval warfare needs as reflected in higher |evel Navy Science and Technol ogy strategy.
This particular activity is nost sensitive to opportunities as presented by breakthroughs in the basic research
domai n which may represent new opportunities for achieving goals of the BSE Concept Enablers activity.

Continual evaluation is given to concept enabling technol ogies that energe from basic or applied research and
may |l ead to nodifications of on-going efforts. The ever-recurring thene of the BSE Concept Enablers activity is
to advance technol ogies that offer the warfighter the greatest capabilities for gaining "advantage" over the
natural environnent, both to increase his warfighting ability and to deny an adversary any “hone field”
advantage. The ainms of this activity are fully consistent with the Navy Transformati on Roadmap strategy in

whi ch innovative devel opnents are sought “to achieve transformati onal operational concepts and capabilities.”

FY 2002 ACCOVPLI SHVENTS

e Efforts were ainmed at providing naval battl espace awareness, precise time/time interval for precision
| ocation, geoclutter, the National Oceanographic Partnership Program (NOPP), SecNav/CNO Ccean Chairs,
and col | aborative efforts with basic research prograns.

e Continued the National Oceanographic Partnership Program (NOPP) program which represents collaboration
between 14 Federal agencies to provide leadership and coordination of national oceanographic research
and education; NOPP facilitates new interactions among federal agencies, academia, and industry that
lead to partnership activities in oceanographic research aimed at major advances in ocean observation
and prediction. NOPP continues to be focused on the national needs of an integrated ocean observing
system.

e NOPP solicited proposals for a FY2002 Broad Agency Announcemnent (BAA) for Ccean Bi ogeographi cal
Information System (OBIS) (this is the outcone of an earlier decision by the Science Mnisters of 29
countries to establish a G obal Biodiversity Information Facility; NOPP and the Sl oan Foundati on seek
through the BAA to capitalize on an initial effort begun in FY 2000 in this topic).
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FY 2003

Initiated the following NOPP efforts: Real -Tinme Forecasting System of Wnds, Waves, and Surge in

Tropi cal Cycl ones; The Partnership for Advancing Interdisciplinary G obal Mdeling (PARADIGV); and a
Partnership for Mdeling the Marine Environnment of Puget Sound, WAshington

Further devel opnent occurred in air-sea interaction because of the inportance of this area to inprove
both ocean and at nospheric forecasts.

Efforts further advanced a nethodol ogy for capturing uncertainty in environnental predictions as a neans
of giving the “user” an idea of the reliability of those predictions.

Conpl et ed the bi osensor technol ogy effort.

The question of the inpact of noise, as generated by naval activities, on narine mammal s has becone of
i ncreasing concern. Initiated an effort to participate in a jointly conducted nmari ne nmammal programto
focus on the effect of noise on narine manmals and to provide tools to detect and nitigate effects.

PLANS:

Continued efforts for determining precise |ocations through precise tine/tine interval technology. This
is a capability of great inportance in littoral regions where numerous obstacles to passage, such as
underwat er nmines, nay occur and know edge of their precise |ocation

Addi ti onal devel opnent is given to geoclutter, as a neans of devel oping better insights into howthe
sub- sedi nent seafl oor may contribute to acoustic clutter

Further devel op nmethods for capturing uncertainty with the ultimte goal of providing the user of
environnental predictions sone idea as to the reliability of the predictions.

Air-sea interaction nmeasurenments and theory receive additional analysis and devel opment. Efforts here
are expected to have an inpact on better ocean nodels and better atnospheric nodels as well as better
under st andi ng of how aerosols are injected into the | ower atnosphere where they have a decisive

i nfl uence on el ectromagnetic and el ectro-optic propagation

Conti nue support of “Ccean.US” O fice (which is a conponent of NOPP) that represents the US component of
a global ocean observing system with several aims (detecting and forecasting oceanic components of
climate variability, facilitate safe and efficient marine operations, ensure national security, managing
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resources for sustained use, preserving and restoring healthy marine ecosystems, mitigating national
hazards, and ensuring public health). Consideration will be given to the solicitation of additiona
NOPP projects to further advance toward an integrated ocean observing and prediction system

e Continue the SecNav/ CNO Ccean Chairs program
e Develop new possibilities in biosensor technol ogy.
e Continue collaborative efforts with the basic research program

FY 2004 PLANS:

e Continue devel opment of precise tinme/time interval technology (which is at the base of d oba
Posi tioning System (GPS) technol ogy) for inprovenents in determning | ocation

e Continue devel opnents, through theory and field neasurenent, in the air-sea interaction effort as a
means of inproving both ocean and atnospheric forecasts. The results will also contribute towards a
better understanding of how aerosols are ejected fromthe ocean into the atnosphere where they nodify
propagati on characteristics of electronmagnetic/electro-optic signals and, thereby, influence radar and
infra-red devices used in naval warfare systens.

e Complete an effort in capturing uncertainty in environmental predictions as a means of giving the user
an idea of the reliability of those predictions. There is a crucial need for this capability,
especially in the littoral zone where so much variability in the environment may occur. This effort
also establishes directions for additional developments in this challenging new area of technology.

e Complete the geoclutter effort to elucidate how the sub-sediment seafloor contributes to acoustic
clutter and the importance of this environmental effect in anti-submarine warfare. Determine how
variability of the sub-sediment seafloor may contribute to false targets and whether a means can be
developed to reduce such false targets.

e Continue the marine mammal program on noise mtigation as a neans of developing tools to detect and
mtigate effects of noise on marine mammal s, especially the noise generated by naval activities; such
tools will enable planners and environmental conpliance docunent preparers to synthesize quantitative 4-
D information about sound fields and ani nal novenents.
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Continue the following NOPP efforts begun in earlier years: Real-Time Forecasting System of Winds,
Waves, and Surge in Tropical Cyclones; PARADIGM: The Partnership for Advancing Interdisciplinary Global
Modeling; A Partnership for Modeling the Marine Environment of Puget Sound, Washington; Multi-
Disciplinary Ocean Sensors for Environmental Analyses and Networks.

Complete the following NOPP efforts: Development and Verification of a Comprehensive Community Model for
Physical Processes in the Nearshore Ocean; Hybrid Coordinate Ocean Model (HYCOM) .

Other NOPP initiatives include: Solicit efforts from the national oceanographic community that will
advance the NOPP program towards its goal of an integrated ocean observing and prediction system;
utilize maximum participation of the national oceanographic community in forming partnership projects
with cost sharing; continue the joint programw th the Sl oan Foundation toward establishnent of an ocean
bi odi versity program

Continue the SecNav/CNO Ocean Chairs Program, which represents one way in which leading ocean
researchers are focused on topics of current importance to naval warfare.

Continue development of new possibilities in biosensor technology.

Continue collaborative efforts with basic research that have a high potential for leading to advances in
gaining tactical mastery over the environment.

FY 2005 PLANS:

Conti nue devel opnent of precise tinme/time interval technology (which is at the base of d oba
Posi tioning System (GPS) technol ogy) for inprovements in determning | ocation

Conplete the air-sea interaction joint work with the basic research program This effort yields a
better understanding of the interaction process in the very | ow wi nd-speed and hi gh w nd-speed regi nes
wher e past neasurenments have been sparse. Results established here represent an inportant nmeans by
which air-sea interaction in these regines can be nore accurately incorporated in ocean and atnospheric
predictive nodels. Results here are also inportant for devel oping better predictive capabilities for
descri bing how aerosols are injected into the | ower atnosphere where they have a direct inpact on

el ectromagnetic/ el ectro-optic sensors for surveillance purposes and, in particular, for detection of
sea- ski mm ng mi ssiles.
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Val i date Hil bert-Huang transform anal ysis for non-Ilinear/non-stationary wave propagation in the littora
region to inprove the ability at space-based assessnent of littoral surface waves, currents, and
bat hynetry.

Continue the mari ne nmamal program on noise nitigation as a nmeans of devel oping tools to detect and
mtigate effects of noise on marine nammal s, especially the noise generated by naval activities.

Continue the following NOPP efforts begun in earlier years: Real-Time Forecasting System of Winds,
Waves, and Surge in Tropical Cyclones; PARADIGM: The Partnership for Advancing Interdisciplinary Global
Modeling; A Partnership for Modeling the Marine Environment of Puget Sound, Washington; Multi-
Disciplinary Ocean Sensors for Environmental Analyses and Networks.

Complete the following NOPP efforts: A Consortium for Data Assimilative Ocean Modeling; A Consortium for
Ocean Circulation and Climate Estimation.

Solicit efforts from the national oceanographic community that will advance the NOPP program towards its
goal of an integrated ocean observing and prediction system. Conplete the joint programefforts
initiated in FYO2 with the Sl oan Foundation focused on establishing an ocean biodiversity program

Continue the SecNav/CNO Ocean Chairs Program which represents one innovative means by which leading
ocean researchers are focused on topics of current and future importance to naval warfare.

Continue development of new possibilities in biosensor technology.

Continue collaborative efforts with basic research that have a high potential for leading to advances in
gaining tactical mastery over the environment.

FY 02 FY 03 FY 04 FY 05

Ccean and At nospheric 11, 662 12,963
Model i ng/ Predi ction and Effects

11,463

15,252

The battl espace environment represents a critical factor in naval warfare and in any naval operation
resulting in a "go" or "no-go" decision for any contenplated action. The extent to which this environnent can
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be nodel ed through conputational nodels used in making predictions of characteristics of the environment

provi des an inportant means by which naval forces can gain mastery over the environnent and deny an adversary
"home field" advantage. Consideration is routinely given to the nature of devel opments in Ocean and At nmospheric
Model i ng/ Prediction and Effects to ensure that that the technical efforts take appropriate account of

devel opnents in basic research and represent the nost effective neans of achieving progress toward the goal s of
t he Ocean and At nospheric Modeling/Prediction activity. Consideration is also routinely given to basic research
devel opnents in this active technology area that are ready for incorporation in this applied research program
Critical new devel opnents in conputer technol ogy, such as faster and nore capable main frane conputers, nust be
monitored for their potentially significant inplications in terms of this activity. Capabilities in this area
have rapidly matured over the past several years and sinmlar nmaturation is expected to continue in future

devel opnents, all to the benefit of nodeling/prediction needs for naval warfare. Therefore, the expectation is
to achieve better decision-naking capabilities relative to "go" or "no-go" decisions for contenplated actions;

al so expected is an inproved neans by which naval forces can gain mastery over the environnent and deny an
adversary "honme field" advantage. This activity will enable naval forces to have unprecedented know edge of the
battl espace and its environmental conditions, which is fully consistent with the SEA PONER 21 strategy.

FY 2002 ACCOVPLI SHVENTS:

e Efforts continued in ocean nodel nowcast/forecast at a variety of scales (global, regional, semi-
encl osed seas, local), including relocateable and nested nodels. A variety of scales are necessary
because of the differing types of application in which differing resolutions arise. Nested nodels are
needed to allow for a larger donmain ocean nodel to set boundary conditions for a smaller donai n nodel.

e Continued devel opments in advanced on-board ocean nodels to naxim ze the on-board forecast capabilities
avai |l abl e to the on-scene comander

e Continued nodel testing/validation, often with the joint participation of the Fleet Numerica
Met eor ol ogi cal and Oceanographi ¢ Command (where nmodels are ultimately used by the Fleet for operationa
predictions).

e Continued devel opnent on coupl ed ocean/ at nosphere nodels to allow for nore accurate ocean and
at rospheri ¢ nodel s.

e Continued efforts in nested atnospheric nodels (global, regional, local) and on-scene weather prediction
toward nore efficient schenes for operational evaluation and use.

e Continued devel opnent of atnospheric effects on el ectromagnetics/el ectro-optics because of the centra
i mportance of electromagnetic and el ectro-optic propagation to so many nodern warfare systens.
Construction of an end-to-end observation/anal ysis/prediction systemfor coastal aerosol and dust has
beconme and remains a recent focus of activities in atnospheric effects.
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FY 2004

Conti nue devel opnents in ocean nodel nowcast/forecast at a variety of scales (global, regional, sem -
encl osed seas, local), including relocateable and nested nodel s.

Conti nue devel opnent in advanced on-board ocean nodels to maxi nize the on-board forecast capabilities
avai l abl e to the on-scene comrander

Continue nodel testing/validation. Transition the Navy Coastal Ccean Mddel (NCOM for operationa
test/eval uati on at the Naval Cceanographic Ofice (NAVO. Initiate an effort to incorporate an upgraded
Pol ar lIce Prediction System (PIPS3) into NCOMto extend its applicability.

Conti nue devel opnent on coupl ed ocean/ at nosphere nodels to allow for nore accurate ocean and at nospheric
nodel s.

Continue efforts in nested atnospheric nodels (global, regional, |ocal) and on-scene weat her prediction
toward nore efficient schemes for operational evaluation and use.

Continue research on the atnospheric effects on el ectronmagnetics and el ectro-optics. This is inportant
because of the central inportance of electronmagnetic and el ectro-optic propagation to so many nodern
warfare systens. Construction of an end-to-end observation/anal ysis/prediction systemfor coasta
aerosol and dust continues to be an inmportant focus of activities in atnospheric effects, prinmarily due
to the significance of these conponents of the atnosphere (as denpnstrated in the Persian Qulf conflict
and, nost recently, in Qperation Enduring Freedonm). Efforts also aimto build on recent successes of

t he application of atmospheric nodeling denmonstrated in Operation Enduring Freedom

PLANS:

Continue devel opnents in ocean nodel nowcast/forecast at a variety of scales (global, regional, sem -
encl osed seas, local), including relocateable and nested nodel s.

Enpl oy ocean nobdels to conplete three dinensional acoustic sinulations of space-tine coherence of the
acoustic field, which is a primary characteristic related to detection perfornance of acoustic systens.

Continue efforts in nested nodels to allow for a | arger domain ocean nodel to set boundary conditions
for a smaller domain nodel. Incorporate high-resolution regional nests into the Navy Coastal Ccean
Model
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Conplete and transition to NAVO data quality control and data assimilation techniques to upgrade the
operational “Shallow Water Analysis and Forecast Systeni for ocean nowcast/forecast capability.

Conti nue devel opnment in advanced on-board ocean nodels to maxi m ze the on-board forecast capabilities
avai |l abl e to the on-scene commander

Conpl ete and transition to NAVO and Navy SEAL forces the | aptop-based nearshore forecast systemthat
makes use of Autononous Underwater Vehicle (AUWY) collected data. This will represent a state-of-the-art
nearshore environnental forecast capability relevant to naval operations that naxim zes use of on-scene
data in an environnment that can change qui ckly.

Conti nue nodel testing/validation. W rk towards conpletion of the first generation of coupled
ocean/ at nosphere nodel s and pursue additional devel opnent to allow for nore accurate ocean and
at nospheric predictions of gl obal and regi onal scal es.

Conti nue devel opment of nested atnospheric nodels (global, regional, local) and on-scene weat her
prediction to predict atnospheric paraneters critical to naval platform sensor, and weapon perfornmance.
Real -time, high-resolution techniques to enhance environnental support for operations, m ssion planning,
and system devel opnent, especially in the littoral zone, are focal aspects of the program | nplenent

i mprovenents to existing nunerical weather prediction skill by extending nodels to 100km for eval uation
pur poses.

Pursue further devel opnents in atnospheric effects on el ectromagnetics and el ectro-optics. Devel op
met hods for determination of refractivity fromclutter as an inverse nethod of obtaining the critica
refractivity properties of the atnosphere that affect el ectromagnetic/el ectro-optic propagation

Conti nue construction of an end-to-end observati on/anal ysis/prediction systemfor coastal aerosol and
dust.

FY 2005 PLANS:

Conti nue advancing efforts in ocean nodel nowcast/forecast at a variety of scales (global, regional
sem -encl osed seas, local), including relocateable and nested nodels.

Conti nue devel opnents in nested nodels to allow for a |arger domain ocean nodel to set boundary
conditions for a smaller domain nodel
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Conti nue devel oprment in advanced on-board ocean nodels to naxi m ze the on-board forecast capabilities
avail able to the on-scene comrander

Continue nodel testing/validation. Evaluate inprovenents of weather forecasting skill fromassinlation
of stratospheric data and extension of npbdels to 100km

Cont i nue devel opnment of coupl ed ocean/ at mosphere nodels to the next stage based on performance and
results of research. Exploit opportunities for joint field testing and experinents wth other groups,
especi al |y where acoustic or biological or optical properties of the mediumallow a common interest.

Conti nue devel opnent of nested atnospheric nodels (gl obal, regional, |ocal) and on-scene weat her
prediction to predict atnospheric paraneters critical to naval platform sensor, and weapon performance.
In general, higher resolution, faster tinme steps, on-scene capability, and custom applications are areas
of desired nodel inprovenent.

Conpl ete maj or atnospheric field experinment in the North Pacific and North Atlantic with the Nationa

Sci ence Foundation, the National Gceanographic and Atnmospheric Administration, and internationa
participants to accelerate inprovenents in short-range (up to 3 days) and nediumrange (3 to 10 day)
determ nistic and probabilistic (ensenble) predictions and warni ngs of high-inpact weather over the

Nort hern Hemi sphere. Real-tinme, high-resolution techniques to enhance environnental support for
operations, mssion planning, and system devel opnent, especially in the littoral zone, are focal aspects
of the program

Conplete the first generation of coupled ocean/at nosphere nodel s and pursue additional devel opnment to
all ow for nore accurate ocean and atnospheric predictions of global and regional scales.

Conti nue devel opnents in atnospheric effects on el ectromagnetics and el ectro-optics because of the
central inportance of el ectromagnetic and el ectro-optic propagation to so many nodern warfare systens.
Continue to devel op nethods for determnation of refractivity fromclutter as an inverse nethod of
obtaining the critical refractivity properties of the atnosphere that affect el ectromagnetic/el ectro-
optic propagation. Continue construction of an end-to-end observation/anal ysi s/ prediction system for
coastal aerosol and dust.

Conplete first tests of coupled global and regional aerosol prediction system Efforts also aimto
build on recent successes of the application of atnospheric nodeling denonstrated in Operation Enduring
Freedom

FY 02 FY 03 FY 04 ‘ FY 05
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| Naval Warfare System Focused Efforts [ 10, 372 | 10,776 | 9,380 | 13,275

This programelenent is the only applied research program el enent dedicated to deternination of the inpact of

t he natural environnent on naval warfare and naval operations. As such, many questions about the inpact of the
natural environnent on either operational systens or on naval warfare systens under devel opnent and their
performance becone technical issues for this programelenment. Were feasible, joint field work is conducted

wi th system devel opers to naxim ze the opportunity to focus on the question of inmpact of the environment on the
system and performance prediction. The littoral zone has been the natural environnent of greatest interest;
aspects of this environnent that greatly inmpact naval warfare are the generally shallow waters of the littora
zone, the consequent cl oseness and physical significance of the ocean bottom and the conplexities inherent to
potentially rapid changes of the ocean structure as well as the ocean bottom Continual evaluation is given to
the state of naval warfare systens to ensure that technol ogy devel opment in the Naval Warfare System Focused
Efforts activity reflects the opti mum choi ces for greatest inpact of the work on naval systems. This activity,
through its focus on inpact of the natural environnent on naval warfare systens, supports the Navy
Transformati on Roadmap strategy by exploiting know edge of the environnent to gain advantage over potentia
adversari es.

FY 2002 ACCOVPLI SHVENTS:

e Continued efforts in 3-D geoacoustic predictions and inversion of chirp sonar data for seabed
i nhomogenei ti es through conpari sons of geoacoustic inversion data with core neasurenents, mathematica
transform net hods, and hi gh frequency bottom techni ques.

e Pursued further advances in renpte sensing techniques, especially hyperspectral i
the littoral zone because of their very pronising potential to allow inference of
characteristics and overcone the problem of "denied" waters.

magi ng technol ogy, for
littoral ocean

e Continue devel opnents on several aspects of underwater acoustics because of their general inportance to
acoustic systens:
-Acqui red acoustic data to determ ne the tine-dependent acoustic array perfornmance degradation for
envi ronnent al inpact on acoustics.

-Perforned joint field experinments with SACLANTCENTRE ai ned at better characterization of soliton
i nternal wave packets.

-Conpl eted and utilized environnmental reconstruction of |arge experinental areas (hundreds of neters
hori zontally) for determ nation of internal wave/coastal front influences on acoustic propagation

FY 2003 PLANS:
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FY 2004

Devel op extensions to 3-D geoacoustic prediction for "stochastic" inversions seeking inprovenents in
speed and accuracy of inversion algorithns.

Conti nue devel opnent in renote sensing techni ques, especially hyperspectral
littoral zone because of their very pronising potential to allow inference of
characteristics and overcone the problemof "denied" waters.

magi ng technol ogy, for the
littoral ocean

Conti nue devel opnent of several aspects of underwater acoustics because of their general inportance to
acoustic systens:

-Val i date nodel s of horizontal acoustic coherence through oceanographic reconstructions for

envi ronnental inpact on acoustics.

-Modify the primtive equation soliton nodel for the Yellow Sea and transition the capability for
soliton internal wave packet predictions,

-Determ ne acoustic focusing and the predictability of acoustic energy fluctuations due to the internal
wave/ coastal front influences on acoustic propagation

Initiate nmeasurenents and nodel i ng of ship wake acoustics for anti-torpedo torpedo acoustic performance
prediction.

I ncorporate i nproved shock physics and numerics into an explosive mne neutralization nodel.

PLANS:

Continue with devel opnents in the area of utilization of acoustic processing techniques to perform
acoustic inversion or geoacoustic inversion for environnmental parameters, techniques for discrimnation
bet ween environnental scatterers and target, and through-the-sensor neasurenents and adaptation of
sensors to the environnent. Such developnents will allow sonar systens to nmeasure their operating
environnent directly and adapt their operational settings and signal processing to that |[ocal know edge.

Conti nue devel opnent in renote sensing techni ques, which include passive/active optical

el ectronagnetic, and acoustic techni ques. Hyperspectral imaging technology is of special interest
because of its great promise. Al of these techniques are significant for the littoral zone because of
their potential to allow inference of littoral ocean characteristics and overcone the probl em of

"deni ed" waters, especially in ternms of beach and coastal ocean classification nmethodology. Initiate
devel opnent of el ectro-optical approaches to surf zone characterization

R-1 Line Item #13
Page 18 of 25

UNCLASSIFIED



UNCLASSIFIED

FY 2004/2005 RDT&E,N BUDGET ITEM JUSTIFICATION SHEET DATE: February 2003
Exhibit R-2a
BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602435N Project Title: Ocean
PROGRAM ELEMENT TITLE: Ocean Warfighting Environment Warfighting Environment
Applied Research Applied Research

FY 2005

Pur sue techniques to allow determ nati on of sedinent mcrofabric and geotechnical properties and their
exploitation in naval warfare, especially related to mne burial and prediction

Continue with devel opnents in the area of underwater acoustics and the inpact of ocean dynam cs on
underwat er acoustics because of their general inportance to acoustic systems, which are so heavily
relied on in antisubmarine warfare and nine warfare. Quantify and relate variability of acoustic array
gain to ocean fine scale processes. |nportant objectives are the integration of environnental know edge
i nto acoustic signal processing, underwater noise prediction and characterization, and noi se nodels.
Devel op additional ability to account for the environnental inpact of ocean processes on acoustics and

i mprovenents in noise nodels as a new neans for detection of submarines in acoustic recordings.

Continue with devel opments in environnental | y-sensitive, physics-based decision tools and neasures of
effectiveness in predictive systens as a neans for providing the fleet useful environnental tactica
decision aids for antisubmarine warfare as well as nine warfare.

Conti nue neasurenents and nodel i ng of ship wake acoustics for anti-torpedo torpedo acoustic perfornance.
Conti nue inprovenents in shock physics and numerics for an expl osive mne neutralization nodel

PLANS:

Continue with devel opnents in the area of utilization of acoustic processing techniques to perform
acoustic inversion or geoacoustic inversion for environnmental paranmeters, techniques for discrimnation
bet ween environnental scatterers and target, and through-the-sensor neasurenents and adaptation of
sensors to the environnent.

Conti nue devel opnment in renote sensing techni ques, especially the hyperspectral techniques which offer
new possibilities for exploitation based on previous Investigation of the physics-basis in the littora
zone.

Conti nue devel opnent of techniques to allow determ nation of sedi ment geoacoustic and geot echnica
properties and their exploitation in naval warfare.

Continue with devel opnents in the area of underwater acoustics and the inpact of ocean dynam cs on
underwat er acoustics. Inportant objectives are the integration of environnental know edge into acoustic
si gnal processing, underwater noise prediction and characterization, and noi se nodels. Continue

devel opnents to account for the environmental inpact of ocean processes on acoustics and inprovenents in
noi se nodel s as a new nmeans for detection of submarines in acoustic recordings.
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e Continue with devel opments in environnental | y-sensitive, physics-based decision tools and neasures of
effectiveness in predictive systens as a neans for providing the fleet useful environnental tactica
deci sion aids for antisubmarine warfare as well as nine warfare.

e Mke initial estimates, based on previous year's neasurenents, of acoustic performance prediction of the
anti-torpedo torpedo.

e Optimze explosive placenent pattern for air-dropped MCM weapon systens using inproved sedi ment shock
physi cs nodel s.

Congressional Plus-Ups:

FY 02 FY 03
Bi ol um nescence Truth Data and 963 977
Si gnature Detection

Bi ol uni nescence Truth Data and Si gnature Detection: Advances in basic research over several years on

bi ol um nescence in the ocean have enabl ed the devel opnment of a fundanmental understanding of the phenonena and
the Navy operations that may be affected. Affordable, conpact, efficient sensors that all ow ease of depl oynent
and pernit the rapid neasurenent of bioluninescence in the ocean now seem feasi bl e.

FY2002 ACCOMPL| SHVENTS:

e The work supported by this plus-up conducted devel opments in affordable, conpact sensors: instrunments for
use on general survey ships or underwater vehicles for background bi ol unm nescence data, instrunents for
use on autononous platforms for application in nine warfare and anti-submarine warfare, instrunents for
use in Navy special warfare operations.

FY2003 PLANS:

e Continue devel opment efforts, based on previous advances, ainmed toward affordable, conpact sensors:
instrunents for use on general survey ships or underwater vehicles for background biol um nescence dat a,
instrunments for use on autononous platforns for application in mne warfare and anti-subnmarine warfare,
instruments for use in Navy special warfare operations.

FY 02 FY 03
Littoral Acoustic Denpbnstration 963 N/A
Cent er
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The Littoral Acoustic Denpbnstration Center provides developments in the general areas of underwater acoustic
noi se and its effects on marine manmal s as well as characteristics of shall ow water acoustic propagation; these
topics are of critical inportance in assessing the inmpact of naval operations on marine life.

FY 2002 ACCOVPLI SHVENTS:

e Perforned devel opnent in the area of better strategies for nonitoring underwater acoustic anbient noise
with specific application to marine namral identification and novenment or tracking, unpredictability of
shal | ow wat er acoustic propagation, statistical characterization of shall ow water amnbient noi se, acoustic
nonitoring and mtigation techniques for nmarine manmal s, and ocean neasurenent/experinentation

FY 02 FY 03
Multiple Intelligent Distributed 2,889 N/A
Under wat er Vehi cl es and Sensors

Multiple Intelligent Distributed Underwater Vehicles and Sensors: Underwater vehicle technol ogy and sensor

devel opnent have recently denonstrated nmany successes in applications to oceanography and m ne counter neasur es.
Past devel opnent has basically focused on single-vehicle devel opnent and application. This plus-up focused on

t he devel opnent of technol ogy appropriate to the use of nultiple intelligent distributed underwater vehicles and
rel ated sensor devel opments. Such vehicles nust be endowed wth the capability of naking intelligent decisions
about their operations, capable of comunication with each other, and able to function in a network
configuration for application to a variety of oceanographic applications.

FY 2002 ACCOVPLI SHVENTS:

e Tasks of interest span a broad spectrum of neasurenents to define the oceanographic state, including
nature of the bottom topography and of the biol um nescence/ chem cal aspects of the ocean. Applications of
i nterest are: neasuring ocean conditions for input to ocean nodels for near real -tine ocean
nowcast/forecast; use of multiple intelligent vehicles in mne countermeasure operations; use of nultiple
intelligent vehicles in covert ocean survey operations to gain information about the ocean battl espace and
deny an adversary "hone-field" advantage.

FY 02 FY 03
Cceanogr aphi ¢ Sensors for MCM 4,912 4,988

Technology advances over the past several years have formed a basis for development of ocean sensors that can be
adapted for use on autonomous vehicles, thereby giving the Navy a new capability in mine countermeasure
operations and/or in sampling the littoral ocean for characteristics that may affect contemplated operations.
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FY2002 ACCOWPL| SHVENTS:

e Developed further capabilities in oceanographic sensor technol ogy, and related platformtechnol ogy (such
as aut ononous underwat er vehicle technol ogy) for application especially in littoral regions to mne
counterneasures. The primary aimwas to denonstrate capabilities through joint field work with other
prograns. Further developnents in this area provided a basis to additional transitions to higher category
prograns as well as to the recently initiated FNC i n Aut ononobus Operati ons.

FY2003 PLANS:
e Continue devel opments to denonstrate capabilities through joint field work with other programs. This area
continues to offer the potential for revolutionary capabilities in terns of mne counterneasure

operations.

FY 02 FY 03

South Fl ori da Ccean Measur enment 1, 694 977
Cent er

The South Florida Ocean Measurement Center is a consortium of universities and agencies with oceanographic
expertise centered in South Florida which has an extensive range of oceanographic capabilities and facilities.

FY2002 ACCOWPLI| SHVENTS:
e Uilized the capabilities offered by the conponents of the South Florida Ccean Measurenment Center to join
wi th applied naval devel opnent efforts to further advance underwater vehicle technology and its
application to naval warfare probl ens.

FY2003 PLANS:
e Continue to exploit the capabilities of the South Florida Ocean Measurenent Center to further advance
underwat er vehicle technology and its application to naval warfare probl ens th5rough coll aborative work
with other applied efforts, where feasible.

FY 02 FY 03
Hydrography Research 0 1,711

Provi di ng hi gh-resol ution hydrographic data in near-coastal regions to the warfighter is a significant force
multiplier. Because the littoral region is the probable battlefield of future conflicts, there has been an

i ncreased volunme in acquisition of high-resolution hydrographic data in coastal areas. This increased vol une
has overwhel med the conputer capacity at the Naval Cceanographic O fice (NAVOCEANO and led to delays in
processi ng hydrographic data in strategically/tactically significant regions.
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FY2003 PLANS:
e Expand devel opnent of inprovenents in hydrographic data collection and data processi ng techni ques that can
be applied at NAVOCEANO with a view of allow ng nore rapid data processing.

FY 02 FY 03
Extended Capability Underwater 0 1,956
Imaging

Underwat er optical imaging science and technol ogy have suggested exciting new potential capabilities for naval
operations underwater, especially in ternms of snmaller, nore energy efficient design and novel inmage processing
t echni ques.

FY2003 PLANS:

e Extend current underwater imaging capabilities through incorporation of versatile scanning nodes, such as
mul ti-wavel ength |ight source and receiver conbinations and nulti-node detection approaches (such as
fluorescence and pol arization) with a viewto giving the Navy powerful new methods and sensors for
underwat er i maging, especially in ternms of enhanced fine scale resolution and identification of underwater
man- nade feat ures.

FY 02 FY 03
Southeast Atlantic Coastal Ocean * 5,478
Observing System (SEACOOS)

*$3,843 (Appropriated in PE 0601153N in FY 02)

SEACOCS represents a regional partnership that will initiate an integrated coastal ocean observing systemfor a

four-state region of southeast coastal U S. (NC, SC, GA FL). Wdespread access of data will significantly

i mprove our understandi ng of atnospheric, oceanic and coupl ed behaviors in the southeastern U S., Bahanas,

northern Cari bbean basin and in the surrounding |larger-scale systens. This effort has inportance for Honel and

Security as well as for naval oceanography in general

FY2003 PLANS:

e Devel op those technol ogies that contribute to the goals of SEACOCS, nanely: |inking several subregiona
observi ng systens and suppl enenti ng and enhancing the de facto operational coastal ocean observing system
est abl i shing testbeds and observatories for fostering technol ogy devel opnent and i ntroduci ng new
t echnol ogy through quantitative assessnments; providing a testbed for conducting observing system
experiments and assessing various data assimlative coastal ocean nodels and information products;
devel opi ng and denonstrating new data and infornmation products via a web-based i nformati on managenent
system and in association with a range of user conmunities; creating and operating a regional information
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systemthat will foster understandi ng of coastal ocean processes and coastal ecosystens on a regiona
scal e.

FY 02 FY 03
Southern Coastal Ocean 0 977
Observation Program (SCOOP)

Cceanogr aphi ¢ knowl edge, data, tools and other products enmerging froman appropriate infrastructure would
support nunerous future Naval operations and enable Navy to increase its participation in the on-going Nationa
Cceanogr aphi ¢ Partnershi p Program ( NOPP)

FY2003 PLANS:

e Utilize the Southern Universities Research Association, a consortium of 59 universities, to contribute to
development of an integrated, sustained ocean observation system. SCOOP plans to integrate and extend
comparable observations from the Gulf of Mexico, the Southern Atlantic Bight (from Miami to Cape
Hatteras), the Middle Atlantic Bight (from Cape Hatteras to Delaware), and the Chesapeake Bay. The
network will provide comprehensive coverage of the southeast and will serve as a key component of a larger
national system, such as being pursued in NOPP. This effort complements the Southeast Atlantic Coastal
Ocean Observing System.

C. OTHER PROGRAM FUNDING SUMMARY: The Navy’'s basic research programcontributes strongly to this effort.

NAVY RELATED RDT&E:
PE 0601153N (Def ense Research Sci ences)
PE 0602114N (Power Projection Applied Research)
PE 0602123N (Force Protection Applied Research)
PE 0602235N ( Conmon Picture Applied Research)
PE 0602271N (RF Systens Applied Research)
PE 0602747N (Undersea Warfare Applied Research)
PE 0602782N (M ne and Expeditionary Warfare Applied Research)
PE 0603207N (Air/ Ccean Tactical Applications)
PE 0603271N (RF Systens Advanced Technol ogy)
PE 0603747N (Undersea Warfare Advanced Technol ogy)
PE 0603782N (M ne & Expeditionary Warfare Advanced Technol ogy)
PE 0604218N (Ai r/ Ccean Equi pnent Engi neeri ng)

NON-NAVY RELATED RDTG&E:
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BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602435N Project Title: Ocean
PROGRAM ELEMENT TITLE: Ocean Warfighting Environment Warfighting Environment
Applied Research Applied Research

PE 0602601F (Space Technol ogy)
PE 0602784A (M litary Engi neering Technol ogy)
PE 0603410F (Space Systenms Environnmental Interactions Technol ogy)

D. ACQUISITION STRATEGY: Not Applicable

R-1 Line Item #13
Page 25 of 25

UNCLASSIFIED



