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Foreword

This document outlines the Space Weather Architecture transition implementation guidance to be completed by the Department of Defense (DoD), Department of Commerce (DoC), and other federal agencies involved in Space Weather research and operations.
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SPACE WEATHER ARCHITECTURE

TRANSITION PLAN

1. INTRODUCTION.

The purpose of this Space Weather Architecture Transition Plan is to provide guidance and assistance to stakeholders in implementing the approved Architecture Vector recommendations.  This document provides the Space Weather Community guidance on implementing the Space Weather Architecture.  The first section provides a brief tutorial on Space Weather, highlights the background of the Space Weather Architecture Study, and identifies the national Space Weather vision and goals.

1.1 SPACE WEATHER.  

Space Weather refers to adverse conditions on the Sun, in the Solar Wind, and in the Earth’s magnetosphere, ionosphere, and thermosphere.  These conditions can influence the performance and reliability of space-borne and ground-based systems and can endanger human life or health. These conditions can cause disruptions of satellite operations, communications, radar, navigation, high-altitude manned flight, and electrical power distribution grids.  Active conditions on the Sun follow a Solar Cycle that is directly correlated to adverse conditions in the Earth’s magnetosphere, ionosphere, and thermosphere.

Solar Cycle.  Sunspot records started with the first telescopic observations by Galileo in 1611. Since that time, the number of sunspots has been determined to follow a roughly 11-year cycle, called the “Sunspot or Solar Cycle.” Sunspot cycles in the past have been as short as 8 years and as long as 15 years, but most cycles are very close to the average of 11.1 years.  Solar minimum is the period of few sunspots.  Solar maximum, a period when hundreds of sunspots exist, is a 3 to 4 year period of increased severe space disturbances expected next to occur from 1999 through 2002.  Figure 1 shows the Solar Cycle history for the past 45 years. However, the real operational problem with the Solar Cycle is that Solar Minimum tends to lull system designers, operators, and users into a state of complacency, then the rapid rise to Solar Maximum creates some unexpected and unpleasant surprises.
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Figure 1.  Solar Cycles History

Figure 2 depicts the structure of the near-Earth Space Environment with associated Space Weather phenomena and relevance.
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Figure 2.  Space Weather Phenomena and Relevant Missions Impacted
1.2  BACKGROUND.

National Security operations and the national economy increasingly rely on space and ground systems that are susceptible to failure or degraded performance due to extreme Space Weather conditions.  Space Weather can adversely affect satellite operations, communications, space-based and ground-based radar, navigation, high altitude manned flight, and electrical power distribution grids.  Such conditions can disrupt National Security operations and cause economic losses in both systems and services.

Great strides in technology have occurred over the past decade.  Scientific technology advancements are on the verge of a “technology cusp” where Space Weather support can move from a “monitoring service” to a “predictive service.”  Space Weather support users and provider stakeholder organizations have expressed a strong desire for a Space Weather Architecture to guide space environmental technology advancements, provide for improved modeling, and increased sensor data availability.  These advancements and improvements will significantly enhance Space Weather impacts mitigation capabilities.

The Office of the Federal Coordinator for Meteorological Services and Supporting Research (OFCM), in conjunction with its stakeholders, developed the National Space Weather Program (NSWP) Strategic Plan in 1995 and the NSWP Implementation Plan in 1997.  These plans provided the vision for future national Space Weather sensing and forecasting capabilities and highlighted the need for an architecture-level study.  The OFCM plans recommended an active, synergistic, interagency Space Weather architecture to provide timely, accurate, and reliable space environment observation, specification, and forecast within the next 10 years.  

The Space Weather Architecture was developed using the NSSA standard architecture study development process.  The process begins by the National Security Space Architect (NSSA) forming an Architecture Development Team (ADT) of domain experts to develop and analyze future architectures and synthesize architectural recommendations.  The ADT assesses the current environment and projects one 15-25 years in the future to understand how space capabilities may be used.  The architecture development process results in findings and recommendations associated with specific vectors for improved national security space programs.  The National Security Space Senior Steering Group (NSS SSG) approves the study results and then the architecture is briefed to the Joint Requirements Oversight Council (JROC).   Stakeholders build an Architecture Transition Plan that is reviewed by the NSS SSG and the JROC.  Finally, the Architecture Transition Plan is implemented by the stakeholders through existing processes.

The Space Weather Architecture Study Terms of Reference (TOR), 4 December 1997, directed the NSSA to lead an integrated Space Weather Architecture Study with Department of Defense (DoD), National Aeronautics and Space Administration (NASA), National Oceanographic and Atmospheric Administration (NOAA), and other agency participation.  Accordingly, the NSSA formed a Space Weather ADT composed of representatives from major stakeholders.  These representatives along with the NSSA conducted an architecture study to develop architecture alternatives.  This study generated findings and recommendations for a future National Space Weather Architecture Vector.

The Space Weather Architecture Study was conducted in two phases.  Phase I determined that an architecture study was warranted and gathered the information necessary to conduct it.  Phase II developed and analyzed architecture alternatives, and generated Space Weather architecture findings and recommendations. The NSSA study results are consistent with the NSWP recommendations and reflect a more in-depth review of the 2010+ user needs, support of national priorities, and consider fiscal resource limitations.

After study completion, the NSS SSG endorsed an Architecture Guidance Memorandum that identified the Office of the Assistant Secretary of Defense for Command, Control, Communications, and Intelligence (ASD(C3I)), in coordination with NOAA, as the overall agency responsible for overseeing a Space Weather Transition Team, composed of key Space Weather stakeholders (refer to Appendix A).  A Space Weather Transition Team was organized to develop a plan to provide guidance on implementing the approved recommendations.  The NSS SSG also provided direction in an Architecture Implementation Memorandum on implementing the Space Weather Transition Plan (refer to Appendix B).

1.3  NATIONAL SPACE WEATHER VISION.
· As a nation, move forward to dramatically improve Space Weather understanding, forecasts, and services to meet customer needs.  

1.4  NATIONAL SPACE WEATHER GOALS.
· Achieve a synergistic interagency improved Space Weather response and support capability to:

· Provide timely, accurate, and reliable space environmental observations, specifications, and forecasts

· Establish national priorities

· Focus agency efforts

· Leverage resources

· Pursue the Space Weather Architecture Vector to:

· Increase the emphasis on operational model development

· Ensure the improved Space Weather operational capabilities are based on user needs

· Evolve to improved forecast capabilities as phenomenology is better understood, models mature, and user needs are better defined

2. SPACE WEATHER TRANSITION OVERVIEW.

The NSS SSG directed ASD(C3I) to develop a Transition Plan to provide Space Weather Architecture implementation guidance to the Space Weather Community.  This section addresses the transition objectives, process, and resources to develop a plan and implement the Space Weather Architecture.

2.1 OBJECTIVES.  The primary objective of Space Weather Transition is to provide stakeholders essential information and guidance to help with implementing the Architecture Vector recommendations.  Other objectives include:

· Follow an approved transition strategy to conduct effective transition planning

· Build on the Space Weather Architecture Recommendations to provide specific guidance in implementing the approved Architecture Vector

· Identify an Investment Strategy to assist stakeholders in maximizing Space Weather improvement capabilities

· Develop a timeline to visually display key timing points to ensure effective implementation of the Architecture Vector recommendations

2.2 TRANSITION PROCESS.

The Space Weather Architecture Transition Team adopted a transition strategy approach that is consistent with national objectives and emerging programs.  The transition strategy consisted of an organized effort by the Space Weather community stakeholders to design and develop the Space Weather Architecture Transition Plan.  Key to success of the Transition Team was the development of the Transition Plan.  The team focused early efforts on developing the Transition Plan and providing a draft version of the plan to the Space Weather community stakeholders for review, comment, and coordination.  The draft Transition Plan will then be submitted to the NSS-SSG for review and comment.  Finally, the Transition Plan will be presented to the JROC for review and approval as the plan pertains to DoD Space Weather requirements and needs.  After JROC approval, the stakeholders will implement the Transition Plan through existing processes for their organizations.  This Transition Plan should include sufficient detail to guide the team to successful transition of the Architecture Vector and Recommendations to improve future Space Weather capabilities.  The plan will need to be updated and reviewed on a periodic basis to ensure completeness and accuracy reflecting any changes due to budget or other constraints.  

The Space Weather Architecture Transition Team established priorities for the approved Space Weather Architecture Vector and Recommendation actions and activities to maximize transition success. The Transition Team members have coordinated frequently among all stakeholder organizations and will use an approved timeline to ensure key milestones are met.  Working groups for each Recommendation have been vital to the transition process, capturing current and ongoing activities relative to the Recommendations.  Additionally, the groups identified the specific actions and activities to meet the Space Weather Architecture Recommendations.  The working groups then outlined an Implementation Strategy for the Recommendations they have primary responsibilities to implement.  The working groups also closely coordinated with other recommendation working groups and provided cross flow of actions and activities due to the inter-linkage of the Recommendations.

2.2.1
SPACE WEATHER ARCHITECTURE TRANSITION PLAN LINKAGE TO THE NATIONAL SPACE WEATHER PROGRAM (NSWP)
The collective effort of the various federal agencies involved in Space Weather research and operations forms the National Space Weather Program (NSWP) under the strategic guidance of the National Space Weather Program Strategic Plan, FCM-P30-1995, published by the OFCM.

The National Space Weather Program Council provides policy direction for the NSWP and the Committee for Space Weather (CSW) is the implementing body.   The Program Council is chaired by the Federal Coordinator for Meteorological Services and Supporting Research and membership includes the Departments of Commerce, Defense, Energy, Transportation, and the Interior as well as the National Science Foundation and NASA.  The Committee for Space Weather is tri-chaired by representatives of the National Science Foundation, Department of Defense, and the Department of Commerce.  In addition, membership includes the Departments of Transportation, the Interior, Energy, and the National Aeronautics and Space Administration.  The National Space Weather Program Implementation Plan, FCM-P31-1997,  provided more specific guidance to meet the goals and objectives of the Strategic Plan.  The Committee for Space Weather has developed an updated Implementation Plan concurrently with this Space Weather Architecture Transition Plan to tightly link the NSSA Space Weather Architecture and recommendations with the NSWP.

The NSSA ADT, consisting of personnel from both DoD and non-DoD organizations, began their study by embracing and expanding on the NSWP Strategic and Implementation Plans.  Many Committee for Space Weather members from agencies outside of DoD participated on the ADT and on the Transition Team.  The Space Weather Architecture Study and follow-on Transition Plan outline very detailed, complementary plans that must now be melded into the NSWP to form a truly national program.  The updated NSWP Implementation Plan will incorporate this Transition Plan by reference along with additional guidance.

This Space Weather Architecture Transition Plan carries no tasking authority.  With the integration of this plan into the NSWP and subsequent approval of the updated Implementation Plan by the NSWP Council, all of the involved agencies will then be committed to achieving the NSWP goals.

Periodic progress reviews of the Space Weather Architecture Transition Plan will be required over the coming years.  The interagency coordinating structure of the NSWP Council and the CSW will provide the vehicle to assess the state of progress, adjust the direction of the program to match breakthroughs in technology or changes in requirements, and to resolve conflicts between or among the stakeholder agencies. The NSSA may represent the DoD and Intelligence Community (IC) to the NSWPC and CSW and will have full rights to identify issues or request an update to the architecture.  This process allows issues or requests for architecture updates to be brought before the Council by presenting them to the Executive Secretary at OFCM.  The other agencies will have similar rights to bring issues before these bodies and to call for a review of the architecture.

Ultimately, the DoD and other federal agencies that are involved in Space Weather research and operations will not have the resources to implement the Architecture Vector or the recommendations unilaterally.  This Space Weather Architecture Transition Plan and subsequent guidance from the SSG and JROC, with the whole of the Space Weather Architecture Study, provides direction to the DoD and relevant guidance information for other federal agencies within the context of the overall NSWP effort.  The incorporation of this plan into the NSWP Implementation Plan provides direction for the entire Space Weather community to achieve national strategic goals in Space Weather research and operations.

2.3 TRANSITION RESOURCES.

The NSSA and Space Weather Community stakeholders agreed at the initial transition meeting to use the resources reflected in the Transition Planning Responsibilities matrix shown in Figure 3.  The matrix reflects the overall transition planning responsibilities and the organizations with primary responsibilities (Office of Primary Responsibility or OPR) and those with coordination responsibilities (Office of Coordination Responsibility or OCR).  The OPRs are responsible for implementing the approved Space Weather Architecture Vector Recommendations through their normal organizational processes.
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Figure 3.  Space Weather Architecture Transition Planning Responsibilities

In addition, the NSSA will develop a tracking tool to monitor the progress of architecture recommendations implementation.

3. SPACE WEATHER CAPABILITIES OVERVIEW.

National Space Weather capabilities have evolved over the past several decades as technological advances and the use of space have increased.  This section outlines the current and evolving Space Weather capabilities, as well as the future desired Space Weather Architecture that has potential to significantly improve the capabilities.

3.1 CURRENT SPACE WEATHER CAPABILITIES.

The current Space Weather support system consists of DoD and NOAA centers of operation, a national archival center, space and ground systems data, NASA research data and information, and international data.  Numerous users seek Space Weather support to mitigate negative impacts to systems operating in or through space caused or precipitated by the space environment.  These users include DoD and civil agencies, commercial vendor providers and space system operators, scientific academia institutions, and many other unconventional users such as ham radio operators.  

The current Space Weather support system integrates information obtained from space and ground-based assets.  The DoD and NOAA centers of operation complement each other in providing support to DoD, civil, and commercial users.  Additionally, agreements exist with NASA and the Naval Research Laboratory (NRL) to obtain real-time data from various research satellites.  Likewise, cooperative efforts with the United States Geological Survey (USGS), Jet Propulsion Laboratory (JPL), and some foreign countries provide data from ground-based sites.

The current Space Weather Support System is shown in Figure 4.  The figure reflects the many sources of data from space systems and ground stations that provide the backbone of Space Weather support capability.  Details on specific systems and capabilities are contained in the Space Weather Operations Baseline Report, 21 January 1999.    

[image: image5.wmf]Figure 4.  Current Space Weather Support System

The DoD operational center, under the Air Force 55 SWXS, provides tailored Space Weather support products to DoD users and National Programs.  The DoD Space Weather support approach is an “informational push” from the data sources to a centralized facility.  The information is then integrated into a coherent information set.  General purpose and mission tailored products are then “pushed” to the customers based upon defined thresholds and criteria.

The civilian Space Weather operational center, under NOAA SEC, provides official alerts and warnings to civil users.  The civilian operational center also provides general-purpose solar-geophysical products and data sets to users.  Commercial third-party vendors obtain Space Weather data and generate customer-specific products and services for civil and commercial users.

Figures 5 and 6 show the current Space Weather Concept of Operations and flow of specific products to users.   
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Figure 5.  Current Space Weather Operations Concept
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Figure 6.  Current Customer Specific Space Weather Product Support

3.2 EVOLVING SPACE WEATHER CAPABILITIES.

The Space Weather operations community is planning incremental improvements to the support capability.  Both the DoD and NOAA are working towards enhanced capabilities such as employment of the National Polar-Orbiting Operational Environmental Satellite System (NPOESS).  This new satellite system will replace the existing Defense Meteorological Satellite Program (DMSP) operated by the DoD and the Polar Orbiting Environmental Satellite (POES) operated by NOAA.  Other planned Space Weather improvements are shown in Figure 7.  The chart reflects the evolving baseline through the 2010 time frame to include operational systems and research missions with operational utility.  Specific details relative to evolving Space Weather capabilities are contained in the Space Weather Operations Baseline Report, 21 January 1999.  Some of the key highlights are outlined in the following paragraphs of this section, including new models and systems or system upgrades to improve Space Weather operational support.
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Figure 7.  Evolving Space Weather Operations Baseline
3.2.1  IMPROVED SPACE ENVIRONMENT MODELS.

New DoD models will enhance Space Weather operational support for all users, including National Security agencies.  These models are planned to include coupled, first-principle physics, integrated space environment models to meet user requirements for timely, accurate space environment forecasts and their potential effects on user systems.  This effort will incorporate models of solar activity, interplanetary space, and the earth’s magnetosphere, ionosphere, and neutral upper atmosphere.

Other specific modeling efforts by NOAA will include:

•
Model mass ejections and interplanetary shocks from the Sun to Earth.

•
The initiation and evolution of solar particle events in the inner heliosphere as a function of time, and including protons and heavy ions.

•
Model magnetospheric variation, including currents, energetic particle fluxes, and field variations in both quiet and storm conditions.

•
Models that will assimilate space environment data from diverse sensors into a best point-by-point description of the ionosphere and the magnetosphere.

•
Ensembles of models that allow selection between them to best describe disturbances under various conditions.

3.2.2  IMPROVED TELESCOPE SYSTEMS.
The DoD plans to take advantage of advances in telescope, automation, and communications technologies to replace its current, aging solar telescopes.  These advances will improve observation capabilities.  The DoD is planning to pursue three improved telescope systems to replace the current Solar Observing Optical Network (SOON) and Radio Solar Telescope Network (RSTN) systems.  The improved systems will include a Solar Radio Spectrograph (SRS), a Solar Radio Burst Locator (SRBL), and an Improved Solar Observing Optical Network (ISOON).  The intent of these new telescopes is to move toward expanded capability, greater simplicity, smaller size, enhanced reliability, and increased automation than found with the current, aging solar telescopes. 

3.2.3  IMPROVED WEATHER SATELLITES.

Several improvements will be made to the DMSP polar-orbiting satellites.  New space environment sensors will be added to the DMSP, including the Special Sensor Ultraviolet Limb Imager (SSULI) and the Special Sensor Ultraviolet Spectrographic Imager (SSUSI).  The SSULI is an optical sensor that will measure vertical profiles of the natural airglow radiation from atoms, molecules, and ions in the upper atmosphere by viewing the limb of the Earth at a tangent altitude of 50 to 750 kilometers.  The SSUSI is a remote sensing instrument that will measure ultraviolet emissions in five different wavelength bands from the upper atmosphere of the Earth. 

The current polar-orbiting weather satellites operated by the DoD and NOAA will be converged into a single, National Polar-orbiting Operational Environmental Satellite System (NPOESS).  The NPOESS will consist of a two satellite constellation and will be the US contribution to the three satellite US and European Joint Polar System of terrestrial and space environmental monitoring satellites.  The Eumetsat satellite will fly both US and European sensors.  

The next generation of the Geostationary Operational Environmental Satellite (GOES) will have both x-ray sensors and new ultraviolet monitors.  The new Solar X-Ray Imager (SXI) scheduled to be on the GOES will provide x-ray imagery of the disk and corona of the sun.  The SXI will also be able to detect x-rays from behind the solar limbs.

3.2.4 IMPROVED SPACE- AND GROUND-BASED SENSORS.

Three significant improvements to the space- and ground based sensor capability are the Communications/Navigation Outage Forecasting System (C/NOFS), Scintillation Network Decision Aid (SCINDA), and the Compact Environment Anomaly Sensor (CEASE).  The C/NOFS and SCINDA will improve the capability to observe and forecast space environment scintillation.  The CEASE instrumentation will help satellite operators determine system anomalies caused by the space environment.

The C/NOFS concept of operations is to fly seven proven sensors on board a satellite with a 12 degree inclination at 600 to 700 kilometers to detect ionospheric scintillation.  The system could also detect conditions favorable to possible scintillation and thus provide a potential scintillation forecast capability.

The SCINDA sensor improvement effort will be a ground-based system.  It will provide real-time specification and short-term forecasts of satellite communication outages in equatorial regions of the Earth.  Real-time data from remote, ground-based scintillation receivers will be used to derive an empirical scintillation model that generates three-dimensional displays of scintillation structures and simplified outage maps for communications and navigation users.

The CEASE is a small, lightweight anomaly detector that is planned to be flown on DoD satellites.  CEASE will detect satellite effects such as surface charging, deep dielectric charging, and effects of high-energy protons and cosmic rays.  These satellite effects caused by Space Weather can damage on-board electronics, sensors, tracking devices, and surfaces.  CEASE will be a satellite health and status monitor that will provide data for anomaly assessments.

The above stated programs are space experiments or Advanced Concepts Technical Demonstrations (ACTDs).  One of the objectives of the implementation of the Space Weather Architecture is to transition from experimental to operational programs.

3.2.5 IMPROVED OPERATIONS WITH RESEARCH MISSIONS.

Three planned research missions have significant potential to provide operational data to the Space Weather support production centers.  The missions include International Monitor for Auroral Geomagnetic Effects (IMAGE), Solar Terrestrial Relations Observatory (STEREO), and Constellation Observing System for Meteorology, Ionosphere, and Climate (COSMIC).

IMAGE is a NASA mission to study the global response of the Earth’s magnetosphere to changes in the solar wind.  IMAGE will use neutral atom, ultraviolet, and radio plasma imaging techniques.

The STEREO mission will perform solar activity imaging with two or more spacecraft at large angular separations from Earth.  One spacecraft orbit would be 20 to 30 degrees out of the ecliptic plane.  STEREO will provide real-time alerts of solar event data to assist Space Weather forecasters in developing improved products for users.

COSMIC will test the ability of a constellation of approximately eight micro-satellites to measure electron densities.  A global data collection network and operations center will process COSMIC observations and deliver products to users for operational impact studies.  This research mission is being developed by the Taiwan National Space Program Office in cooperation with NASA, Jet Propulsion Laboratory (JPL), and several universities.

3.3 FUTURE SPACE WEATHER ARCHITECTURE.

As mentioned previously, the Space Weather Architecture Study was conducted in two phases.  Phase I demonstrated the validity of developing the future Space Weather Architecture, while the actual architecture was designed in Phase II.  The result of the Phase II effort was a Space Weather Architecture Vector.  Using the current capabilities baseline as its foundation, the Space Weather Architecture Vector moves through various phases of development to reach the Desired Architecture (Figure 8).  
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Figure 8.  Architecture Vector with Progressive Capability

As shown, the Space Weather Architecture Vector leads us from the current baseline through Minimal and Target Architectures to the end state of the Desired Architecture.  The Space Weather Architecture Vector provides an evolutionary path starting with current Space Weather support capabilities and incrementally building toward the best possible system for supporting space operators, communicators and users of space-based information and data.  The progressive development of these architectures depend on changing Space Weather support requirements and priorities, technological and scientific advances, and funding availability.

Each of the incremental architectures includes sensors to collect data and monitor the current state of solar activity, interplanetary space, and the near-Earth space environment and models to produce specifications and forecasts of these domains. Each of the three developmental architectures uses 14 models to generate products for customers.  Providing specification, warning, and forecast support requires that these Space Weather models be improved or developed.  These models may run independently or be coupled.  The performance of the models differs from the quality and quantity of sensor inputs available.  The sensors (Figure 9) and models (Figure 10) of the Desired Architecture represent the most robust of the three developmental architectures.

Space-Based Sensors
Ground-Based Sensors

Space Sensor #1: 1 Low-Earth-Orbit (LEO) equatorial satellite to measure ionospheric properties
Ground Sensor #1: 20 sensors for geomagnetic equatorial scintillation and 10 sensors for polar scintillation

Space Sensor #2: Suite of sensors hosted on 3 National Polar Orbiting Operational Environmental Satellite Systems (NPOESS) to make electron density profile (EDP),  neutral density, and particle  measurements
Ground Sensor #2: 50 sensor packages worldwide at current JPL and USGS sites and other selected user sites (Global Positioning System [GPS]/Very-High Frequency [VHF] receiver, Ionosonde, Magnetometer)

Space Sensor #3: Solar extreme ultraviolet (EUV) and solar X-ray imager hosted on two geosynchronous satellites such as Geosynchronous Operational Environmental Satellite (GOES)
Ground Sensor #3: 10 all-sky, low-light  video recording systems with fish-eye lenses at selected polar user sites

Space Sensor #4: 1 satellite at sun-earth line interplanetary for solar and interplanetary measurements
Ground Sensor #4: 4 solar radio and optical measurement sites (currently Solar Electro-Optical Network [SEON] is located in New Mexico, Puerto Rico, Australia, and Italy)

Space Sensor #5: Piggyback packages of particle detectors (1eV-100KeV and >100 KeV), hosted on as many satellites as possible to include NPOESS, with Energetic Neutral Atom (ENA) imager on some of the satellites
Ground Sensor #5: Riometer to measure High Frequency (HF) noise inside the polar cap (similar to the current sensor at Thule)

Space Sensor #6: Telescope package hosted on high earth orbit (HEO) satellite to continuously observe the northern polar cap
Ground Sensor #6: Satellite drag from tracking network

Space Sensor #7: 1 Solar Terrestrial Relations Observatory (STEREO) satellite platform for white light Coronagraph


Space Sensor #8: GPS/Occultation Sensor (OS) receivers as piggyback package on 18 to 24 Space-Based Infrared System (SBIRS) low satellites


Figure 9.  Desired Architecture of Space-Based and Ground-Based Sensors

It is essential to note that even achieving the Desired Architecture may not fully meet all anticipated Space Weather support requirements in the 2010 – 2025 timeframe. However, considering the likely technology and basic research and development necessary for Space Weather model implementation, this alternative is most likely the best we can achieve during the 2010–2025 timeframe.
Model Type
Model Purpose
F
W
S

Solar Flare
Flare occurrence and characterization for radio-frequency interference, short-wave fades, and solar particle event (spacecraft upsets, manned space flight hazards) prediction
X
X
X

Coronal Mass Ejection (CME) Prediction
CME occurrence for solar particle event (spacecraft upsets, manned space flight hazards) and solar wind prediction
X

X

Coronal Mass Ejection Propagation
CME characterization (mass, speed, direction) for solar particle event (spacecraft upsets, manned space flight hazards) prediction

B-vector for solar particle event (spacecraft upsets, manned space flight hazards) prediction and characterization

Shock formation and characterization for solar particle event (spacecraft upsets, manned space flight hazards) prediction and characterization
X

X

Solar Wind
Characterization (speed, density) for magnetosphere and ionosphere energy input prediction

B-field for magnetosphere and ionosphere energy input prediction
X

X

Solar Energetic Particles (SEP)
SEP spectra for satellite upset and manned space flight hazard prediction

SEP onset time and duration for satellite upset and manned space flight hazard prediction
X
X
X

Radiation Belt
Particle distribution (>100 keV) for satellite upset prediction

Precipitating particle characterization (location, energy, timing) for polar ionosphere prediction
X

X

Magnetospheric Particles and Fields
Plasma and supra-thermal plasma distribution for charging event prediction

Particle Spectra (<100 keV) for charging event prediction

Magnetic fields for magnetosphere event propagation prediction

Field-aligned currents for magnetosphere event propagation prediction
X
X
X

Ionosphere
Global EDP for radar and communications signal path bending prediction

Global TEC for radar and communications signal path delay prediction

Global E-Fields for ionospheric event propagation prediction

Global ionospheric currents for ionospheric event propagation prediction
X
X
X

Equatorial Scintillation
Equatorial belt spatial and frequency distribution of S4 and (( for communications, radar, and navigation signal corruption and outage prediction
X
X
X

Polar Scintillation
Arctic spatial and frequency distribution of S4 and (( for communications, radar, and navigation signal corruption and outage prediction
X
X
X

Polar Cap Absorption
Frequency-dependent HF and UHF polar cap fades predictions
X
X
X

Neutral Environment
Global neutral density and composition (>90 km) for accurate satellite, space debris, and missile orbit prediction

Global neutral winds (>90 km) for accurate S4 and (( for communications, radar, and navigation signal corruption and outage prediction

Global neutral temperature (>90 km) for accurate S4 and (( for communications, radar, and navigation signal corruption and outage prediction
X
X
X

Auroral Clutter
Auroral Clutter


X

Auroral Emission
Auroral Emission

X
X

Note:  F = Forecast
W = Warning
S = Specification

Figure 10.  Desired Architecture Models

The Desired Architecture provides maximum performance with a relatively open cost cap.  Using all expected sensors and numerical modeling advances, it improves product accuracies; specifically improving longer term forecasts of magnetospheric particles and fields, Van Allen Belt radiation, ionospheric parameters and neutral densities.

This recommended Space Weather Architecture Vector supports a variety of anticipated customers to include a centralized facility, with a primary and backup site.  It also supports the concept of creating a virtual center using leading edge communications advances.  It provides capabilities for some users to receive Space Weather information directly from the observing platforms and sensors.

The sensors and models proposed as part of the Desired Architecture represent the best estimate on the part of the Architecture Development Team at the time the architecture were pieced together.  It is safe to assume that as we move toward the year 2025, changes in the Desired Architecture will occur as a result of unforeseen technological advances and scientific breakthroughs.  Overlaid on top of the science and technology issues is the fact that Space Weather customer requirements and areas of interest are certain to change.  It would not be surprising if the system fielded in 2025 is actually a variation of the Desired Architecture.

4. IMPLEMENTATION GUIDANCE.

Key elements of space architecture implementation include: Integration and Phasing, Architecture Recommendations, and Investment Strategy.  Integration and Phasing guidance will include several levels of general to specific timeline information with essential program phase-in points for the approved Space Weather Architecture.  The Architecture Recommendations are addressed in terms of key findings and a plan to implement the recommendations to move Space Weather improvements along the overall vector of architecture implementation.  Lastly, an Investment Strategy is provided to help guide the most effective implementation of the Space Weather Architecture.  

4.1 INTEGRATION AND PHASING.

Timelines and roadmaps provide valuable tools that will help the Space Weather Community integrate the approved architecture improvements with existing and evolving Space Weather capabilities.  This section covers several timelines and roadmaps, new approaches to integrating new models into operations, and some of the key actions essential to achieving the future Desired Architecture.  

4.1.1  TIMELINE AND ROADMAP:  MULTI-PATH TRANSITION APPROACH.

The Transition Plan as envisioned by the Transition Working Group will be a multi-path process with concurrent progress in procuring and putting into operation Space Weather sensors while pursuing models for specifying and forecasting the environment in user terms.  The interaction of models and sensors is synergistic.

The improvements needed in light of the rising new solar cycle speak to an approach that makes the most progress with limited resources and sets priorities for achieving the most critical activities in the early part of the plan.  New observations are necessary to establish initial conditions and provide correction to the models while the models provide a means for extrapolating conditions to locations where there are vulnerable systems but no sensors as well as for forecasting future conditions.  Sensors that were sufficient to drive old, inadequate models may not provide sufficient information for newer, more physically complete models. Concurrently, the development of new technology in systems that try to operate though the Space Weather environment, including electric power systems, high-precision navigation systems, surveillance systems, and compact, mobile communication systems increase the precision necessary in specifying the Space Weather environment.  

Figure 11 provides an overview of the implementation process.  It is structured in terms of National Security missions and civilian user areas.  Figure 11 highlights an overview timeline showing the improving ability of Space Weather services to support various National Security missions and civilian applications as new sensors and new models come into use and improvements are made in the supporting structure for the services.  The mission areas are shown as six Space Weather mission support product areas. The Space Weather support capability provided to each product area is shown year by year.  Current capability to meet the requirements of these missions is shown as the Transition Plan is implemented.  

Red indicates either no support capability exists or it does not meet customer threshold requirements.  Yellow indicates an area that offers only partial support.  When broken down further, some aspects of the support are available, though likely not of sufficient accuracy and reliability to meet specific user needs.  Some aspects of the support do not even meet this level of criteria and, in more detailed charts developed during the architecture study, appear as red indicating essentially no support available.  The green coding in the later years indicates the support is of high quality and will meet most or all user requirements for accuracy, reliability, and utility.  The view to the future is broken into two segments.  The near-term, the first ten years of the plan, is tied to programs and initiatives already in place.  Some of these activities are already in the funding and procurement cycle in one or more agency programs.   These are moderately well defined and not subject to major redefinition in the next 10 years.   The primary funding issues concern interagency cooperation and mutual support to achieve efficiency and reduce costs by sharing sensors, satellites, and other resources.  This phase of the plan envisions major use by Space Weather operations of data from research missions flown by NASA and other agencies—missions that are already in the definition or procurement process.

The far-term, final 15 years of the plan are less well defined.  Research missions are only now being defined, progress in scientific models so far into the future is difficult to pinpoint, and mission needs of Space Weather users are likely to evolve and change.  Even with these uncertainties, the general direction of the plan can be seen.  Current understanding of future Space Weather needs reflect requirements for more advanced operational models and observing programs.  These models and programs could benefit from current Sun-Earth Connections (NASA) research and development.  The NASA Space Environment Connections Roadmap, now being defined, will likely have a major influence on the sensors that will be useful to Space Weather operations in the period 2010-2025.
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Figure 11.  Space Weather Services Improvement Capability

4.1.2  MODEL TIMELINE.
The models now in use in Space Weather operations are mostly first or second generation.  They may include the primary physical quantities and processes that drive the environment but, for the most part, they do not include secondary factors that limit accuracy in non-linear situations such as severe Space Weather storms.  Computational limits of current computer systems preclude resolving the grid size required to capture storms and other small scale variations.  They have been limited in the past by the paucity of Space Weather observations available in real time to drive them.  The Transition Plan promotes evolutionary upgrading by emphasizing funding for developing improved models and providing for their transfer into operations.  Improvements will come in on-going series of smaller steps that take advantage of new physical knowledge, new observations, and expanded computing capability.  The models will be increasingly linked as successive modules are developed and validated in a physical chain extending from the sun to the terrestrial atmosphere.  The Models Timeline in Figure 12 illustrates the evolution from first generation models through models that have improved capability to meet most requirements but may still fail in some critical situations.  The final, fully capable models are able to meet most all of the requirements and projected needs.  This includes critical capabilities to adequately describe unusual or intense situations.  A key responsibility throughout the Transition Plan is the effort to find and foster development of models that focus on Space Weather user needs.  Reference to the Models Timeline provides a rapid overview of the required modeling capability and the sequence of efforts to bring them into operations.
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Figure 12.  Space Weather Operations Models Timeline

Figure 12 reflects the transition timeline for models in Space Weather operations.  The models evolve from no capability or limited capability to models fully capable of meeting most Space Weather requirements that are now foreseen.   Most of the models are not envisioned as being fully capable until late in the second decade of this century.   Part of the basis for this extended period, in addition to the time needed to develop physical understanding, is an investment strategy that envisions the very large funding required for the model development coming over two decades.  Acceleration of the time to reach full capability can be achieved to some extent by higher levels of funding but the areas of most benefit need to be carefully balanced against other limitations such as scientific progress and computational capability in the future.

4.1.3  COMMUNITY MODELING CENTER (CCMC) AND RAPID PROTOTYPING CENTER (RPC).
The Community Coordinated Modeling Center (CCMC) and Rapid Prototyping Centers (RPCs) are key to rapid, focused development and transition of required models into Space Weather operations.  In addition to the shortfall in physical modeling capability, a major problem is the bottleneck of transitioning research to operations.  The process for transition has not been well defined.  Research models that may be sufficiently well developed in physical terms typically are designed to run in nonstandard software systems.  These models are not consistent with other operational software and are not documented for maintenance by an operational organization.  Additionally, these models may fail at times for reasons not related to their capability.  The purpose of the CCMC and RPCs is to test designed and developed Space Weather models on systems directly compatible with operational computer systems, to use realistic data from real-time sources, and to ensure models are easily maintained and operationally robust.

  The CCMC is being developed as a facility for researchers to use in developing their research models.  It supports research while providing an operational environment so that scientists are developing their models in a computing system environment that is compatible with the ultimate end user of the models.

The RPC’s are being developed as operating centers where research models are brought in and rapidly advanced to validated operational capability.  Concepts of Operational use for the models are being developed at the same time that Space Weather forecasters are participating in the definition of user interfaces to the models and while the models are being validated for their intended use.  Once a model “graduates” from the RPC, it is ready for routine operational use.  The CCMC and RPC efforts are expected to significantly ease the roadblock between research and operations.   Programmatic funding and support of these two centers is essential in accomplishing the plan.

4.1.4  SENSORS TIMELINE.

The emphasis in the sensor timeline is on obtaining measurements of key physical parameters in the spatial domains of Space Weather from the sun to the near-earth environment.  The strategy for obtaining the data as quickly and efficiently as possible combines on-going operational sensors with the use in real time of data from research satellites and sensors.  Recent experience has demonstrated that for little additional funding, research sensors that may be of immediate use to Space Weather operations can be made available if planning and coordination is included in the mission definition phase of the program.  Capability for real-time transmission of data and transmitters compatible with inexpensive ground-based tracking systems has allowed real-time tracking of data from the ACE satellite and will be employed again with the NASA IMAGE mission.  Data from the NRL Solar Heliospheric Observer (SOHO) mission has proven to be extremely valuable in Space Weather forecasting even while the mission is still in its research and development phase.  Without additional action, the end of SOHO operation, even given its value, will create a gap in such data until another research mission is flown or other operational missions can be programmed, funded, scheduled, built, and flown—typically a lag of about 10 years.  A challenge to Space Weather planners will be the development of creative ways to reduce or eliminate the gap between research and operational observations.  The sensor timeline in Figure 13 demonstrates several such gaps.

Another aspect of the sensor timeline is the evolution from current to desired sensors.  The GOES satellite will have a solar x-ray imager beginning in 2002, but the SOHO experiences have shown that the x-ray imager provides better service if accompanied by an EUV solar telescope and a solar coronagraph.  A probable platform for these sensors is a GOES weather satellite at geostationary orbit.  However, sensors on the GOES are already defined until at least 2010.  Further, the SOHO is not expected to remain in reliable operation nearly so long.  The evolution from initial capability to full capability on solar satellite images in the sensor timeline reflects this gap. 

Likewise, energetic particle sensors are available on the GOES and these will be upgraded to include lower energetic particle energies.  These sensors have been shown to be valuable for satellite anomaly analysis by the Defense Satellite Program geosynchronous satellites.  GOES will begin flying these sensors in 2002, well after these sensors are dropped from the Defense Satellite Program.

The coverage of energetic particle measurements in the magnetosphere will not be complete until the CEASE program or an equivalent is in place later in the decade.   That improvement is reflected in the upgrade of the magnetospheric particle sensor program about 2008.
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Figure 13.  Space Weather Sensor Evolution

Figure 13 shows Space Weather sensor evolution from initial capability and reliance on one-time research satellites to full operational capability by the end of the Transition Plan.

4.1.5 SPECIFIC SUPPORT PRODUCTS TIMELINES DEVELOPMENT 

Figures 14 through 19 contain times relevant to the development of specific support products.  Model and sensor data are overlaid on the timeline in the actual planned sequence shown in Figures 12 and 13.  The support products are annotated alphabetically, and these can be compared to the letters on each type of sensor to see which products each sensor supports.  The timelines do not indicate priority.  Though one sensor may appear as providing support to a number of products, it may not be the most important sensor in supporting any one product.  Further information is required to set differential priorities among the sensors.  In this presentation, if a model or sensor is required for several support products, it will recur on each support product timeline.  
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Figure 14.  Communications Implementation Timeline
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Figure 15. Surveillance and Radar Implementation Timeline
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Figure 16.  Satellite Operations Implementation Timeline
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Figure 17.  Navigation Implementation Timeline
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Figure 18.  Geomagnetic Applications Implementation Timeline
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Figure 19.  Manned Space Implementation Timeline
4.1.6  KEY ACTIONS NECESSARY TO ACHIEVE THE DESIRED ARCHITECTURE.

The specific activities to carry out the transition to the Desired Architecture are detailed in the next major section of this plan.  Each of the recommendations from the architecture study has been broken into a series of activities necessary for their accomplishment.   The timeline in Figure 20 highlights the key activities from the Actions in Section 4.2.2.
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Figure 20—Major Actions Timeline

Figure 20 shows major actions necessary to implement the recommendations from the NSSA Space Weather Architecture Study—detailed descriptions of the actions and activities are provided at Appendix D.

4.2  ARCHITECTURE RECOMMENDATIONS.

The Space Weather Architecture Study identified nine areas where significant improvements can be made to Space Weather Support Capabilities.  The implementation of these nine recommendations will move the support capability along the Desired Architecture Vector and help mitigate many of the impacts caused by Space Weather.  The key study findings and recommendations are presented first followed by a summary of each recommendation implementation plan.  Specific details of activities identified to complete specific recommendation implementation actions are found at Appendix D.

4.2.1 KEY STUDY FINDINGS AND RECOMMENDATIONS.

1) Space Weather Architecture Vector

To guide future investment, development and acquisition of space and space-related capabilities, the study recommends:

· Increase emphasis on Operational Model development

· Ensure improved Operational Capabilities based on User Needs:
· National Security priorities include Ionospheric and Radiation Environment Specifications and Forecasts
· Civil priorities also include Geomagnetic Warnings and Forecasts 

· Evolve to improved Forecast Capabilities, as phenomenology is better understood, models mature, and user needs are better defined

Future National Security operations will require improved capability to accurately locate targets and provide precision navigation and reliable mobile communications in a more time-constrained environment.  To support these capabilities, immediate emphasis must be given to the accurate specification and forecasting of ionospheric total electron content (TEC) and scintillation parameters.  It is essential that ground-based and space-based ionospheric observing systems and ionospheric models be developed and employed expeditiously.  Also, significant to National Security is the capability to determine rapidly whether Space Weather or an adversary is degrading critical satellites.  In addition, it is important to design robust satellites and rapidly recover damaged ones.  To support these needs, it is necessary to develop and employ systems and models that provide an essential capability to specify the radiation environment at satellite altitudes.  The desired capability also includes forecasting of the radiation environment at satellite altitudes.  

Like National Security needs, civil needs also include ionospheric and radiation specification and forecast. In addition, the civil community places priority on geomagnetic forecasting through in situ solar wind measurements.  These capabilities will significantly enhance the civil community’s capability to support the power industry mitigation of losses from outages, and NASA’s ability to protect astronauts from harmful radiation effects.

These recommendations are based on analyses of architectural alternatives.  Because of the criticality of models to improved Space Weather architecture performance, these architectural alternatives have a common set of forecast and specification models.  In addition, a common concept of operations (CONOPS) of future space weather support and communications systems were defined.  Each alternative was designed to provide maximum benefit-cost ratio at its projected funding level. 

One alternative represents a minimal capability.  The sensor emphasis was on solar flare and CME imaging and on providing a dense measurement grid of ionospheric properties and magnetospheric particles and fields. This alternative provides high quality specifications in all domains of interest such as ionospheric electron density, equatorial scintillation and neutral density, and solar event forecasts.  

The second and target level, adds magnetic field and particle sensors near the L1 position to directly sample the solar wind and the CMEs about one hour prior to their hitting the magnetosphere.  The L1 sensor adds confidence to specification of ionospheric electron density, magnetospheric particles and fields and neutral density, and improves forecasts of polar scintillation and magnetospheric particles and fields.  

The next level of development represents a more robust desired capability adding a second CME imager. It provides a more side-on view to better characterize evolution of CMEs and minimize false alarms.  It will improve longer-term forecasts of magnetospheric particles and fields, Van Allen Belt radiation, ionospheric properties, and neutral density.  

Even this alternative is not expected to satisfy all the 2010-2025 needs, particularly forecast needs.  Considering the likely technology and basic research and development necessary for implementation of Space Weather models, this alternative is the best we can likely achieve during this time frame.  

These architecture alternatives identified and pointed to the investments which would yield the most timely benefit.  Specifically, the desired goal of achieving the capabilities represented by the most enhanced alternative must evolve from the minimal capability through the first level of enhancement as resources allow.  To provide these capabilities, an integrated systems acquisition approach (e.g., sensors, processing systems, models, and products) focused on user needs is required.

Fiscal constraints demand prioritization of expenditures.  The study identified the need for some increased investments.  The highest leverage near-term investment was found to be validated, reliable Space Weather operational models.  Validation of models intended for operational use should incorporate metrics for each version in order to enable others to make objective comparisons among competing models.  To achieve these models, a robust focused R&D effort is needed, including the continuation of science missions to collect data required by researchers for developing model algorithms.  Operational data collection must provide increased sensor coverage and be archived to serve as a basis for model validation.  This archive should be expanded to include correlated Space Weather impacts supporting system acquisition, simulation and operational planning. 

This recommended Architecture Vector provides a user oriented approach, consistent with the NSWP Strategic and Implementation Plans.  It will allow a smooth transition to the future national Space Weather infrastructure.

In summary, the study found:

· The Current Baseline supports limited model-development

· Primary Space Weather to support to future user systems needs are: Improved Ionospheric TEC & Scintillation and Radiation Environment specifications and forecasts

· Users desire continuously updated impact oriented products

· Increased investment in and dependence on space systems (military, civil, and      commercial) justifies some increased Space Weather investments

2) Space Weather Importance Awareness

To guide future investment, development and acquisition of space and space-related capabilities, the study recommends:

· Integrate Space Weather information (system impacts and Space Weather environment data) into User Systems through inclusion in:

· User Education 

· Simulations 

· Wargaming and Training

· Operational Plans (OPLANS) 

· Concept of Operations (CONOPS) 

· Contingency Planning 

· System Anomaly Resolution 

· Damage Assessment and Reporting

National Security dependence on space support is increasing dramatically but the number of National Security satellites is expected to remain relatively constant with decreased backup and residual capability.  Civil and commercial dependence on space systems is also increasing.  Under these circumstances, each satellite is more critical and satellite outages will have greater impacts.  The National Security demand for commercial SATCOM (e.g., hand-held terminals) will increase, creating new unpredictable vulnerabilities.  

The study found limited design information and guidelines for many new orbits.  Furthermore, commercial competitive pressures to cut satellite development costs lead to reduced testing and less emphasis on military hardening.  The developers of user systems must be aware of potential Space Weather impacts through user education and Space Weather inclusion in Simulation Based Acquisition (SBA).

In the past, space systems have been part of the support (force enhancement) infrastructure.  In the future, terrestrial weapons are likely to be directly targeted using space, and some weapons may be space-based.  This will drive an increase in requirements for coverage, timeliness, accuracy, and command and control assuredness of space systems.  Space Weather can significantly impact the ability to achieve needed levels of capability.  For example, ionospheric scintillation can disrupt access to the GPS and to radar signals with uncertainty in the ionospheric electron density degrading geolocation accuracy.  Today, outage causes are often not precisely determined, leading to less effective mitigation and recovery. This lack of understanding also adversely impacts user system and Space Weather model design improvements. 

Space Weather fidelity in Service wargaming is seriously deficient. In essence, Space Weather is ignored. Better simulation of Space Weather effects in wargaming will increase Space Weather awareness in the user community and allow for development of mitigation and exploitation strategies.

In summary, the study found:

· Operators frequently do not understand Space Weather impacts. Consequently to reduce operational risks, Space Weather education and training is critical 

· Space Weather information needs to be integrated into all phases of  system life cycles

· Budget and competitive pressures on satellite providers coupled with  expected increases in demand for improved coverage, timeliness, accuracy and assuredness for space-based services, increase the potential impact of future Space Weather perturbations

· Space Weather effects have the most impact on communications, Position, Navigation, and Timing (PNT), and Intelligence, Surveillance, and Reconnaissance (ISR)
3) Space Weather Requirements

To guide future investment, development and acquisition of space-borne systems and space-related capabilities, the study recommends:

· Develop a set of Approved Validated Space Weather Requirements focused on User Needs

· Update Requirements as User Needs and Technology evolve

An effective Space Weather architecture depends on better understanding and documentation of user needs to provide compelling justification of requirements and priorities. Needs definition for the Space Weather study started with the initial draft AFSPC Space Weather Capstone Requirements Document (CRD) and the OFCM NSWP Strategic and Implementation Plans.  Joint Vision 2010 was reviewed and its implementing systems evaluated for Space Weather susceptibility.  Further understanding came from review of current architecture requirements and projected needs for a wide range of users.  In addition, the User Applications Tiger Team systematically reviewed all classes of users (i.e., National Security, civil, and commercial) and their projected Space Weather impacts and product needs.  

A Space Weather Space Architect Exercise (SAX) captured operators and planners opinions of user needs and potential user responses.  This exercise examined the needs for products with user interface, timeliness, and accuracy in several user system scenarios with Space Weather impacts.  The results confirmed the need for a clearer definition of the requirements for the Space Weather architecture in user impact terms.

National Security users have a driving need for improved product confidence, accuracy, resolution, and coverage.  Observations and measurement refresh rates must be increased to improve timeliness.  Enhanced modeling and analysis techniques and rigorous validation will elevate forecast confidence.  Improvement of product timeliness requires an enhanced capability to receive, process, and display Space Weather information. 

In summary, the study found:

· Current requirements for Space Weather products are outdated, fragmented and incomplete

· Military and civil Space Weather requirements are similar but often addressed independently

· Insufficient understanding of user priorities and requirements causes significant gaps in current capabilities and hampers efficient acquisition

· Space Weather effects need to be translated into user impacts and evaluated for potential mitigation techniques

· Lack of user understanding of Space Weather impacts on operations has impeded development of accurate Space Weather requirements

· Requirements must be revised as user needs and technology evolve

4) Coordinated Space Weather Architecture Acquisition

To guide future investment, development and acquisition of space and space-related capabilities, the study recommends:

· Identify a cognizant organization in DoD to:

· Manage the Acquisition of DoD Operational Space Weather Architecture and focus DoD Space Weather Research and Development 

· Ensure Validated Models are developed in conjunction with Sensors and User Needs

· Ensure effective transitioning of R&D into Operations 

· Coordinate Acquisition and Integration of Space Weather Resources across Civil agencies and National Security Interest

Needs for higher confidence user-friendly products are expected to grow.  Model improvement is essential to increase specification and forecast confidence and performance.  

Currently, the operational models are acquired from multiple sources—directly from Research and Development (R&D) labs and universities, commercially, and through acquisition organizations. They supply products with differing or unknown levels of confidence.  Sometimes the models have not been validated before quasi-operational implementation.  

Historically, Space Weather sensors were often fielded independent of the operational models or were not a-priori designed to work with operational models. A coherent user needs focus will, however, lead to an improved Space Weather architecture performance.  

The longest lead items for the architectures were found to be the models. This study identified and traced models to needed sensor inputs. It appears that efficiencies can be achieved by coordinating development of models between civil and National Security sectors.  Within DoD, a single acquisition manager for the DoD portions of the Space Weather architecture can be achieved.  To be most effective, however, Space Weather acquisition coordination needs to be performed at an interagency level. 

In summary, the study found:

· Military, civil, commercial and international cooperation will provide opportunities for cost and data sharing

· Cross-agency coordination is required to achieve improved model performance with validated model development prioritized to keep pace with sensor development

· Operational models, sensors and products can benefit from an integrated development approach 

· The lack of a controlled process for model development and validation has led to inconsistencies in performance and confidence of models
5) Space Weather Information Archive

To guide future investment, development and acquisition of space and space-related capabilities, the study recommends:

· Consolidate and Expand the Existing Archival System 

· Capture Space Weather Environmental Data and System Impacts  

· The Archival System should be: 

· Centrally Managed 

· User Focused 

· Incorporate Standard Formats 

· Accommodate Multi-level Security

Spacecraft developers, insurance agencies, HF communicators, third party vendors, and power companies in the commercial sector responded to the Space Weather Architecture Study Request For Information.  They provided the following insights into the needs for improved archiving:

(a) The commercial satellite builders are interested in historical Space Weather information (e.g., high, low, and average environments) to improve future satellite designs.  

(b) Industry knows that design lessons are often relearned due to the long eleven year solar cycle and personnel turnover.  Industry is increasing the pressure for reduced satellite development time and decreased testing time.

(c) Insurance rates currently do not reflect the Space Weather robustness of satellite systems.  However, interest has been expressed in knowing the statistics of Space Weather events and their impacts.

During the definition of user needs, the ADT determined that a significant number of Space Weather products must have high confidence.  This level of accuracy requires that the models used to produce products be validated against the real world (i.e., historical Space Weather data (climatology) from multiple solar cycles and global coverage).

The difficulties of collecting validated Space Weather impacts on operational systems during Phase I pointed to the need for a centrally managed and standardized repository to capture impact information.  Space Weather impacts are often misidentified as other types of anomalies, increasing diagnosis time and thus the time to mitigate.  These needs may be met by a centralized user-friendly data resource for researchers, Space Weather model developers, user system designers, planners and wargamers.  It should capture Space Weather effects (start time, duration, and intensity), Space Weather climatology, and user system impacts. 

In summary, the study concluded:

· Space Weather effects and their operational impacts are not well documented—improved archiving of both would benefit research, operations, acquisition, analysis, simulation and wargaming

· Data that can be used to validate models and products is key to producing high confidence products

· Industry is interested in Space Weather design guidelines built on Space Weather climatological data

· Space Weather impacts and environmental data are essential to understanding Space Weather trends

6) Integrated User Information 

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the study recommends:

· Provide Space Weather Information:

· In User Impact Terms

· Routinely Available through Common Dissemination Channels

· Integrated with Other User Information as required

In conjunction with the User Applications Tiger Team and discussions with a broad spectrum of users, a Space Weather SAX was conducted.  The SAX objectives were to capture and assess user insight on the utility of Space Weather information to their planning and operations in support of a broad range of National Security and civil missions and functions. 

In the area of products, the SAX results indicated that an expert system translating Space Weather information into user impact terms and autonomous Space Weather updates for correction of the user systems is needed.  Users also expressed a need for standardized, integrated products and a Space Weather expert point of contact to be available to produce special product requests and analyses.  In addition to a requirement for significant improvement in Space Weather specification, reliable 4-6 hour and 24-hour forecasts and advisories are needed to support the mission planning cycle.  

Operational systems require high confidence Space Weather models.  For National Security architectures, this means going through rigorous verification, validation and accreditation processes that include consideration of National Space Weather Program metrics.

Increased use of expert systems and tactical decision aids (TDAs) for mission planners and operators creates a need for Space Weather information (not data) to be smoothly integrated with CONOPS, contingency planning and standard situational awareness displays.  

The civil community has the same need for “impact” specification and forecasts as the National Security community.  However, the civil community relies on a network of value-added resellers to provide user specific products that use Space Weather assets and data.

In summary, the study concluded:

· Products currently available to operators and planners are inadequate

· Most users need Space Weather information provided in terms of impacts and in  formats that readily integrate into existing or planned systems

· Users need high confidence in Space Weather products for operational decisions and medium confidence for longer term planning

· Military users expect tailored Space Weather products while civil policy expects access to basic data, relying on third party product tailoring

7) Integrated Space Weather Center

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the study recommends:

· Evolve to an Integrated Space Weather Center capability to include: 

· Space Weather Expertise available for User Consultation and Support 

· A National Security Support Cell to produce Tailored Products

· Back-up capability to provide support in the event of Natural Emergencies or Catastrophic Equipment Failures

One important trade axis explored in architecture development was distributed versus centralized processing.  Performance and cost were evaluated for architectures at the extremes.  Centralized processing emerged as the better approach.  In addition, the need for coupled computer-intensive models using consolidated global data drove the need for a highly capable central processing facility (or capability).  This facility requires access to all data sources including Space Weather climatology and Space Weather impacts.  Some users will require unprocessed data and their needs can be easily met with this centralized approach.

There is a high level of cooperation between the military and civil Space Weather centers including sharing data, models, and personnel.  However, it is clear there is a potential for cost saving by evolving to an integrated Space Weather support capability.  Because of the unique needs of some users, a National Security Support Cell for processing classified data or providing classified products will be needed.  Space Weather center integration could compromise robustness, so a back-up center (or capability) must be considered to reduce vulnerability to natural disasters and catastrophic equipment failure.  Future processing should be done as much as possible at existing computational centers.  New physical centers (back up or integrated) should not be needed. 

During the SAX, planners and operators also expressed a need for a Space Weather expert to be accessible to answer Space Weather questions and resolve issues.

In summary, the study concluded:

· The complexity of Space Weather models and forecasting will likely require a full time expert resource available to produce and evaluate products and interface with users

· Centralized processing provides a single point of contact that is best for meeting most user needs

· An integrated Space Weather center with civil and joint military staffing along with back-up capabilities could improve efficiency and reduce costs in developing user products

· A National Security Support Cell is needed to focus on tailored products and classified support for DoD and Intelligence Community users

8) Space Weather Research & Development 

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the study recommends:

· Provide a Robust Space Weather Research and Development Program to:

· Develop and Implement the Improved Models 

· Provide options for further growth 

· Continue to Leverage Research and Development Missions:

· Enhance Operational Products until Operational Systems are ready

· Develop and Implement Standardized Processes to rapidly and efficiently Transition R&D into needed Operational Products

The technology assessment identified, characterized, and documented a technology foundation for post-2010 Space Weather capabilities.  Three common threads were revealed.

First, multi-point measurements are vital for a complete picture of the environment.  Space Weather is currently starved for data essential to global specification, improved understanding, and better initialization and validation of forecast models (e.g., measurements from space Sun-Earth-line sensors).  Today, much of the data on Space Weather is limited to a certain geographical area or by resolution.  Thus the current Space Weather architecture’s ability to detect and mitigate Space Weather impacts is severely limited. 

Second, basic research forms the foundation for better models.  This research should focus on coupling process physics and Space Weather domain specific algorithms.  High confidence forecasting can only be achieved with models integrated across the Space Weather domains (coupling from the Sun to the magnetosphere and through the ionosphere) that are verified and validated.  The processes of how and when the Sun produces CMEs and the interaction between the magnetosphere and the ionosphere must be explored.   

Third, new sensors and other supporting technologies are essential, but are largely driven by other than Space Weather needs.  These supporting technologies include automated low cost spacecraft, low cost lightweight sensors, and advanced computing to run the complex Space Weather models.  Promising sensors like solar flare and CME imagers will move us toward the ability to predict the impact to the Earth after detection of the event on the Sun.  This lead-time will improve our forecasting ability.  GPS occultation sensors and combined radiation and threat warning sensors can be inexpensively deployed on a large number of satellites and will significantly contribute to specification and forecasting of the magnetosphere and ionosphere.  Lightweight payloads and low integration costs are the drivers for Space Weather sensors riding on other types of satellites.

More data and basic research are critical to model development and improvement.  The ADT also validated the current practice of leveraging R&D missions (e.g., Advanced Composition Explorer (ACE)) to provide data to forecasters that would otherwise be unavailable.  The use of these data increases forecast and specification confidence.

In summary, the study concluded:

· Space Weather is a technically immature discipline and basic research is vital

· R&D sensors are a valuable data source and greatly benefit data-starved operations

· Flexible Space Weather architecture could allow easier transition of R&D to operations

· More focus on operational needs could improve R&D pay-offs 

· Some R&D is ready now for transition to operations (e.g., Coronagraph, Compact Environmental Anomaly Sensor (CEASE), and GPS Occultation) 

· R&D investment is key to reducing model development risk 

9) Space Weather and Man-Made Effects Information Coordination

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the study recommends:
· Support the Space Control Protection Mission by providing timely Space Weather Information 

· Incorporate the Operational Specification and Forecasting of Space Environmental Effects of Man-made (Primarily Nuclear) Events as a Mission into the Space Weather Architecture

The ADT studied the relationship between man-made effects (MME) and Space Weather effects on the near-earth environment.  The spatial and temporal scales of most man-made effects are smaller than those of naturally occurring Space Weather phenomena, while high altitude nuclear explosion energy levels can be much higher than natural phenomena as well as other MME.  

MME and Space Weather impacts are similar for high-energy photons (e.g., x-rays), pumped radiation belts, ionospheric disturbances, and aurora emissions/clutter.  Space Weather sensors can be used to trace MME, but they may not have the necessary dynamic range.  

The Space Control mission requires the characterization of the natural environment to differentiate between outages caused by Space Weather or by a hostile force.  In many cases it is economical to field combined packages to provide threat warning, attack assessment, and Space Weather  (e.g., CEASE).  The Space Weather and MME physics models are similar, however, the MME models require Space Weather information for initialization.  In addition, nuclear detonation sensors can supply useful data to Space Weather modelers and forecasters.  Thus sharing data and models between agencies should be encouraged.

In summary, the ADT concluded:

· MME are physically similar to Space Weather effects, differing in that MME are more localized and have different energy levels 

· Nuclear effects are the primary man-made threat to the Space Weather environment 

· Users and models would benefit from spacecraft space environmental sensors

· Nuclear detection missions collect data that could benefit the Space Weather mission area

· Combining Space Weather and threat sensors would benefit the space control mission area 

4.2.2 RECOMMENDATIONS IMPLEMENTATION.

The Space Weather Architecture recommendations cover key areas of needed improvements to Space Weather capabilities.  Implementation of these recommendations will move the nation forward significantly in use of space and mitigating impacts caused by Space Weather.  The following paragraphs in this section outline the guidance presented by the Space Weather Community stakeholders to implement the approved Space Weather Architecture recommendations.

4.2.2.1  RECOMMENDATION 1:  SPACE WEATHER ARCHITECTURE VECTOR.

Recommendation Review:

To guide future investment, development and acquisition of space and space-related SWx capabilities, the NSSA ADT Study recommends the space weather community:

· Increase emphasis on operational model development

· Ensure improved operational capabilities on user needs

· National Security priorities include Ionospheric and Radiation environment specifications and forecasts

· Civil priorities also include Geomagnetic warnings and forecasts

· Evolve to improved forecast capabilities, as phenomenology is better understood, models mature, and user needs are better defined
In summary, the ADT Study concluded:

· The Current Baseline supports limited model development

· Primary Space Weather support to future user systems needs are:

· Improved Ionospheric TEC and Scintillation specifications and forecasts

· Improved Radiation Environment specifications and forecasts

· Users desire continuously updated impact oriented products

· Increased investment in and dependence on space systems (military, civil, and commercial) justifies some increased Space Weather investments

Implementation Strategy (Benefits, Impacts, Issues, and Challenges):

The Space Weather Architecture Vector outlined the evolution from the Current Baseline to the Desired Architecture, to be accomplished by 2025.  Implementation of the Space Weather Architecture Vector is critical to planning and directing the activities to be conducted under the remaining Recommendations of the ADT study.  Accordingly, the plans and processes under the auspices of the Architecture Vector must be developed in the near-term.  Additionally, in order to provide the most efficient and effective guidance for the implementation of the various activities contained in this Transition Plan, the implementation of the Architecture Vector must be a “living” process which allows for rapid adaptation to evolving user needs, technological advancements, and increased understanding of space weather phenomenology and impacts.

The main benefit of this recommendation will be the development of a coordinated national program to implement the Desired Architecture.  This national program will be a unified effort among the various National Security and civil agencies to leverage the unique abilities and expertise of the military, civil, and commercial organizations.  Additional benefits which will be derived from the implementation of the Architecture Vector are documentation of the Current Baseline, articulation of a logical path to achieve the Desired Architecture, optimization of efforts among agencies to avoid redundancy, adding direction to the acquisition process throughout the planning, programming, and budgeting phases.  Finally, the Transition Plan will document the commitment of all involved agencies to the development of the Desired Architecture and will delineate the roles and responsibilities of each agency.

Many issues and challenges will be encountered while implementing these actions.  These include: (1) ensuring that the interests of all stakeholders are included in the planning process, (2) getting and maintaining commitments of required resources by all organizations throughout the entire development timeline of the Desired Architecture, (3) regular coordination of program budgets and schedules to ensure that all participants are able to meet their responsibilities, and (4) continual coordination among programs to ensure that changing requirements and evolving technology are considered and do not disrupt interdependencies between programs.

Prioritization of Actions:

The two main actions that must be accomplished are:


1.  Identifying and coordinating stakeholder organizations


2.  Developing a Transition Plan

These actions are not listed in order of priority, but in the order in which they must be accomplished as the second action depends critically upon the first.

Current/Ongoing Actions:

Four recent or current programs relate to this recommendation:


1.  The National Space Weather Program Council is providing policy direction, and the Committee for Space Weather is providing execution guidance for continued development of national Space Weather capabilities through the 2010 time frame


2.  The Space Weather Architecture Study Transition Plan and the National Space Weather Program Implementation Plan have been developed and are undergoing revision to provide guidance (including detailed roadmaps and investment strategies) as well as commitment of resources on a multi-agency basis toward a unified national space weather architecture


3.  The Space Weather Architecture Development Team examined and reported on the Current Baseline of national space weather capabilities, a starting point for the Architecture Vector 


4.  The CCMC has been established to provide a vehicle for the multi-agency coordination of space weather model development and implementation programs

Relation to Mission Area Timelines and Architecture Vector:
As the majority of the actions to be taken under the remaining recommendations are dependent on the guidance provided by the implementation of the Space Weather Architecture Vector, the timelines for these actions are contingent on the near-term accomplishment of the actions under the Architecture Vector.  In turn, total implementation of the Architecture Vector is dependent on the completion of the actions under the remaining recommendations.  Accordingly, the Architecture Vector will provide direction throughout the entire timeline and will undergo evolutionary change over that period.

4.2.2.2  RECOMMENDATION 2:  SPACE WEATHER IMPORTANCE AWARENESS.

Recommendation Review:
To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends the Space Weather community:

· Integrate Space Weather information (system impacts and Space Weather environment data) into User Systems through inclusion in:

· User Education

· Simulations

· Wargaming and Training

· Concept of Operations (CONOPS)

· Contingency Planning

· System Anomaly Resolution

· Damage Assessment and Reporting

In summary, the ADT Study concluded:

· Operators frequently do not understand Space Weather impacts, reduction of  operational risks and Space Weather education and training is critical

· Space Weather information needs to be integrated into all phases of system life cycles

· Budget and competitive pressures on satellite providers, coupled with expected increases in demand for improved coverage, timeliness, accuracy, and assuredness for space-based services, increases the potential impact of future Space Weather perturbations

·  Space Weather effects have the most impact on communications, PNT, and ISR.

Implementation Strategy (Benefits, Impacts, Issues, and Challenges):

Expanding customer awareness of Space Weather and its impacts on their operations is a crucial step in the development of the Space Weather Architecture.  Lack of customer awareness will lead to a failure to account for Space Weather impacts on their operations, as well as a failure to make full use of the capabilities of the Space Weather Community.  Additionally, customer awareness is vital to gaining advocacy for the resources required to develop a robust national Space Weather capability.

The main benefit of this recommendation will be inclusion of the impacts of Space Weather in customer operations planning, training, and acquisitions programs.  This will enable Space Weather customers to more effectively mitigate or avoid Space Weather impacts on their systems and operations.  Users will be trained to deal with Space Weather impacts when they arise and systems will be designed with Space Weather impacts taken into account.

Many issues and challenges will be encountered while implementing this recommendation.  Foremost among these will be injecting information about Space Weather and its impacts into plans and processes which are not owned by the Space Weather Community.  Users must be convinced that Space Weather is of concern to them and that Space Weather support will be of value to them.  To demonstrate these points, the Space Weather Community must be able to provide concrete evidence of Space Weather impacts on users and the benefits of Space Weather support capabilities, which ties directly to Recommendation 5 – Space Weather Information Archive.  Furthermore, the Space Weather Community must increase its understanding of user operations, training, and acquisition programs, in order to determine where and how best to inject Space Weather information, which ties directly to Recommendation 3 – Space Weather Requirements.

Prioritization of Actions:

The two main actions that must be accomplished are:


1.  Disseminating Space Weather awareness information to customers/users


2.  Injecting Space Weather awareness into CONOPS/exercises

Current/Ongoing Actions:

There are three initiative areas currently underway that relate to this recommendation:


1.   Space Weather effects on weapons systems are being introduced into DoD Modeling and Simulation (M&S) and wargaming programs.  These efforts are demonstrating a need for improve Space Weather integration into operations and systems.


2.  HQ USAF/XOW and HQ AFSPC have developed and frequently present Space Weather Awareness briefings to a broad DoD audience including top policy makers and warfighting commanders.  Furthermore, these briefing are being converted to a multimedia format to facilitate broader and more thorough distribution of this information.  

3.  The NOAA Space Environment Center (SEC) conducts an annual outreach conference in Boulder, Colorado known as the “Space Weather Week.”  This forum has been successful in bringing together various Space Weather users with Space Weather researchers and providers.  As a result, Space Weather awareness has been improving.    

Relation to Mission Area Timelines and Architecture Vector:

Most of the actions needed to implement this recommendation are not related to or dependent on the Architecture Vector.  Rather, this recommendation focuses on ensuring the capabilities of the Space Weather Architecture will be effectively utilized by the user community.  Additionally, implementation of this recommendation will help gain customer advocacy for the investment of resources required to make the Desired Architecture a reality.  As this recommendation can potentially be a stand-alone activity, the timing of its implementation does not directly impact the timelines for the remaining recommendations.  However, due to the imminent arrival of solar maximum, and the resultant increase in impacts to user systems and operations, immediate action to implement this recommendation is warranted.

4.2.2.3     RECOMMENDATION 3:  SPACE WEATHER REQUIREMENTS.

Recommendation Review:

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends the space weather community:

· Develop a set of approved validated Space Weather requirements focused on user needs

· Update requirements as user needs and technology evolve

In summary, the ADT Study concluded:

· Current requirements for Space Weather products are outdated, fragmented, and incomplete

· Military and civil Space Weather requirements are similar but often addressed independently

· Insufficient understanding of user priorities and requirements causes significant gaps in current capabilities and has hampered efficient acquisition

· Space Weather effects need to be translated into user impacts and be evaluated for potential mitigation techniques

· Lack of users understanding of space weather impacts on operations has impeded development of accurate Space Weather requirements

· As such, requirements must be revised as user needs and technology evolves

Implementation Strategy (Benefits, Impacts, Issues, and Challenges):

Documentation of a set of approved, validated Space Weather requirements is essential to the development of a national space weather support architecture.  Only by understanding the requirements of space weather customers can an effective architecture be developed.  Additionally, in an environment of constrained resources, applying resources to the development of the architecture can only be justified on the basis of the benefits to customers.  Moreover, customer requirements can be expected to evolve over time, so a process must be in place to regularly review and update the documented Space Weather requirements to maintain currency with user needs.

The main benefit of this recommendation will be to provide direction to the Space Weather Community in the development of its architecture and to the acquisition community in support of this objective.  In so doing, this coordinated set of requirements will provide an authoritative reference for user needs, identify areas of required investment, eliminate duplication of efforts among agencies, and promote organizational awareness of Space Weather impacts on user capabilities.

Many issues and challenges will be encountered while implementing these actions.  Chief among these will be the effort required to gather, consolidate, deconflict, and prioritize requirements from a multitude of National Security, civil, and private sector customers.  Extensive effort will be required to ensure all customers with needs for Space Weather support are identified.  Consensus among the various agencies may be difficult to achieve regarding the process for prioritizing requirements and adjudicating differences.  Finally, the process for reviewing and updating requirements must be frequent enough to avoid wasting resources to support an outdated requirements set, without overburdening the Space Weather Community.

Prioritization of Actions:

The three main actions that must be accomplished are:


1.  Creating and maintaining a master list of requirements documents


2.  Developing and maintaining a review process and schedule


3.  Developing and updating requirements documents

These three actions cannot be ranked in order of importance to implementing the recommendation.  Rather, they must be performed sequentially as described.

Current/Ongoing Actions:
There are two initiatives currently underway that relates to this recommendation:


1.  USSPACECOM is developing a Capstone Requirements Document (CRD) for National Security customers, for which the requirements collection process is well underway


2.  AFWA, in conjunction with AFSPC, is conducting a review of current Space Weather requirements in order to establish the new DoD Space Weather Strategic Center at AFWA

Relation to Mission Area Timelines and Architecture Vector:

The set of requirements that will be developed under this recommendation provides the basis for development of the Space Weather Architecture and the underpinning for the Architecture Vector.  Accordingly, the timing of implementing this recommendation impacts the timelines for all other recommendations.  As the critical first step in the process of developing the Space Weather Architecture, the documentation of Space Weather requirements must be implemented immediately, along with the development of the process for reviewing and updating the requirements documents to account for the evolution of user needs.

4.2.2.4   RECOMMENDATION 4:  SINGLE SPACE WEATHER ACQUISITION AGENT.

Recommendation Review:
To guide future investment, development and acquisition of all space related Space Weather acquisition activities, the ADT study recommends a single Space Weather acquisition agent be the focal point for procurement and sustainment of ground and space assets.  This centralization of authority will provide for efficient, effective, and coordinated activities to promote Space Weather development and advance operational specification and forecast capabilities.  This agent will also be the primary focal point for inter-agency and international coordination and cooperation.

Implementation Strategy (Benefits, Impacts, Issues, and Challenges):
In practice, the Air Force Space and Missile Systems Center (SMC), a component of Air Force Materiel Command (AFMC), has been acting in this single agent role.  AFMC has already designated SMC as the Air Force acquisition agent for Space Weather.  Several documents, however, need to be generated or updated to formally establish a single DoD agent.  Formal DoD delegation of authority to the Air Force needs to be completed to accomplish the recommendation.  Supplementary Memoranda of Agreement (MOA) need to be updated or generated to further clarify responsibilities of SMC with respect to Air Force Space Command (AFSPC) and Air Force Weather Agency (AFWA) to conform to the AFSPC Strategic Plan for DoD Space Environmental Support and the Air Force Space Weather Program Action Directive (PAD).

The role of the single acquisition agent can be summarized by the phrase “cradle to grave responsibilities.”  This includes consolidating and allocating DoD requirements across acquisition activities, executing acquisition and sustainment programs, coordinating with R&D efforts at DoD and civilian research centers, and coordinating with other government, civilian, and international agencies.  The single agent will oversee operational transition of R&D efforts at the CCMC and RPCs, and assure operational safety, suitability, and effectiveness.  Finally, the acquisition agent will assure incorporation of data and modeling from all Space Weather information sources outside of DoD, including commercial, other US agencies, and international groups.  This agent will also be the DoD focal point for cooperative ventures to further the state of the art of Space Weather operations.

The specific actions and support requirements needed to accomplish the recommendation are summarized in the following numbered paragraphs and in Appendix D.

 1. Definition and coordination processes and resources include:

· Identify cognizant Organization as required

· Determine level of effort (LOE) for mechanism versus organization.

· Identify adequate resources

· Identify methodology to focus Space Weather R&D

· Identify viable mechanism to coordinate money and missions across agencies

· Ensure buy-in from other military organizations (i.e. National Reconnaissance Office [NRO]) and services (i.e. Navy, AF, Army, Marines)

· Leverage existing space-acquisition infrastructure to greatest extent possible

· Acquisition organization has cradle to grave responsibility

· Emphasis should be placed on validation and use of existing research facilities to validate products

· Come to closure on Space Weather Re-engineering effort and identify lead command

· When Identifying POCs for Space Weather, take advantage of current Weather staff and augmentation; do not create a new entity

· Providing for Joint membership on configuration control board (CCB)

· Community Coordinated Modeling Center (CCMC) mission needs to be defined; many models and data products do not need large computer resources

· Ensure future plans include sharing; e.g., L1 sensors could be jointly funded and operated by DoD, NOAA, and NASA

· Determine lines of authority for acquisition

 2. Implementation of processes and resources includes:

· Identify or build the cognizant organization. 

· Consider identifying a single point of contact for other agencies. 

· Joint configuration control board for both operational and developmental acquisition. 

 3. Coordination and focus of R&D transition to operations include:

· Provide high level input to CCMC 

· Need National Science Foundation (NSF) involvement with focusing R&D

· Ensure coordination with Space Weather Community at large

· CCMC needs high level input from more than DoD organization; need to include civil agencies as well

 4. Coordination of acquisition and integration across non-DoD Agencies include:

· Highlight international cooperation and data integration

· Ensure operational Space Weather Architecture acquisition agencies consider and take advantage of international opportunities for synergy in Space Weather

· Since Space Weather is a global phenomena; other countries besides the US have space environment centers (e.g., England, Australia, etc.).  US and foreign environment centers should leverage and share information to prevent duplication of effort

· DoD should coordinate with, but not manage acquisition for, civil agencies; through the OFCM National Space Weather Program CSW

Prioritization of Actions:
The three main actions that must be accomplished are:

1. Consolidate Air Force Acquisition Activities with close cooperation among AFSPC, AFWA, USAF/XOW and SMC/CI

2. Actively pursue US Navy, Marine, and Army participation in requirements definition and funding activities with a view toward DoD acquisition consolidation

3. Develop MOAs and Joint programs to solidify DoD Space Weather activities, processes, and funding

Current/Ongoing Activities:
There are three initiatives currently underway:

1. AFSPC, AFWA, USAF/XOW, and SMC/CI  are working together to solidify requirements for  and operation of Air Force Space Weather programs and assets

2. USSPACECOM, AFSPC, and USAF/XOW are pursuing the development of long range plans and budgets to solidify acquisition support and new program direction identified in the NSSA ADT Study

3. AFSPC , USAF/XOW, and NOAA are pursuing clear processes and plans for future cooperation and joint investment strategies with CCMC being an example of one of those initiatives

Relation to Mission Area Timelines and Architecture Vector:

The current acquisition, sustainment, and operational transition activities support preparations for the 1999 – 2002 solar maximum cycle.  The activities listed above support the near and far term mission area and architectural vector strategies as the acquisition implementor for DoD.  Personnel and funding requirements will be handled in the normal USAF/AQ, USAF/XOW, HQ AFSPC, and HQ AFMC channels.  These activities are not dependent on the implementation of the Architecture Vector or any of the other Recommendations.  Integration of a single Space Weather acquisition agent into the architecture will significantly improve the requirements development and documentation process.  A single acquisition agent will also improve R&D linkage with operational requirements.  Due to the inherent efficiency of consolidating acquisition activities, as well as the probable reduction in costs, this Recommendation should be implemented as rapidly as possible.

4.2.2.5   RECOMMENDATION 5:  SPACE WEATHER DATA ARCHIVE.

Recommendation Review:

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends the Space Weather Community:


· Consolidate and expand the existing archival system

· Capture Space Weather environmental data and system impacts
· Incorporate an archival system that:

· Is centrally managed

· Is user focused

· Incorporates standard formats

· Accommodates multi-level security

In summary, the ADT Study concluded:

· Space Weather effects and their operational impacts are not well documented—improved archiving of both would benefit research, operations, acquisition, analysis, simulation and wargaming

· Data that can be used to validate models and products are key to producing high confidence products

· Industry is interested in Space Weather design guidelines built using Space Weather climatological data

· Space Weather impacts and environmental data are essential to understanding Space Weather trends

The current system of archiving Space Weather data and the recording of Space Weather impacts on user systems is incomplete.   Space Weather impacts on systems provide the primary guidance in setting priorities among Space Weather services and the requirements to be met by the proposed Space Weather services.

Archived Space Weather data are essential for testing and validating the models that are required to meet current and future Space Weather requirements.  These data are required to cover the physical domains from the sun to the near-earth environment.  The data needs to be readily available to the scientific community engaged in developing new models.  Also, the data needs to be in a readily usable form to reduce the high cost of validating models as a part of the transition process from scientific research to Space Weather operations.

Another major use of archive data is to conduct studies that will provide guidance to designers concerning the worst case space environment that their systems may encounter as well as the portion of time that Space Weather effects may degrade the operations of their systems.  Planners need the same information on a shorter time scale to understand the probability that their operating system may be adversely affected by Space Weather.

Implementation Strategy (Benefits, Impacts, Issues, and Challenges):

The transition strategy builds on the use of current archival processes by expanding them to cover the additional Space Weather applications not currently covered.  Supplementary staffing and funding of existing efforts offers a cost-effective way to meet the critical new requirements.  Current archive databases tend to have disparate interfaces across agencies.  The Transition Plan envisions leveraging the various agencies that have data archives to agree to common formats and interfaces to facilitate the use of their data.  The benefits of a systematic data archive would greatly facilitate the development and transfer of models into operations.  Primary challenges are developing cost effective ways to build the archive in the most economical way without beginning totally new archive centers and to get the various agencies already collecting data to agree on common, standard data interfaces.

The collection of information about Space Weather impacts will extend the current effort by setting up databases to systematically collect the information and tasking users to provide necessary information to populate the databases.  Additional contract studies would collect information from users who otherwise would not be in a position to contribute their knowledge of impacts into the databases.  A major challenge in collecting Space Weather impacts is the additional work required by users to report such information, the difficulty in determining the impacts of Space Weather (an unseen and not well known phenomenon) on systems, and the proprietary need of many commercial users to hold tight to information that might give competitors an advantage in the marketplace.  Climatological studies, completed and published in advance and in the near term for specific systems and specific environmental conditions, can provide designers and planners with critical information about the prospective performance of their systems that are operating in and through the space environment.

Prioritization of Actions:

The three main actions that must be accomplished are:

1. Develop a program to archive Space Weather impacts

2. Develop a program to archive Space Weather data

3. Provide climatological studies for system design and planning

Current/On-going Activities:

Current Space Weather data are archived in a number of locations across the federal agencies including the Navy and Air Force, NOAA, NASA, USGS, NSF, and the Department of Energy (DoE).   The interfaces to these data generally differ from agency to agency.

 In Spring 1999, NOAA SEC moved into new offices in Boulder, Colorado.  This new facility features upgraded communications and data processing equipment, allowing NOAA SEC to greatly expand its capability in the future.  Furthermore, it is co-located with the National Geophysical Data Center (NGDC) which will improve the integration of the Nation Space Weather Archive into operations. 

Space Weather impacts are collected on an uneven basis.  Initiatives within the US Space Command and in the Air Force Weather Agency are aimed at establishing Space Weather impacts databases and the thresholds of impacts on various systems.  Civilian agencies receive considerable data but do not archive it in systematic ways.  Commercial companies also collect Space Weather impact information for their own commercial use.

Relations to Mission Area Timelines and Architecture Vector: 

This Recommendation has an impact on making users aware of Space Weather effects, documenting requirements, integrating Space Weather into user systems, enhancing R&D efforts, and coordinating man-made effects with Space Weather.

The approach of the next solar maximum during 2000-2002 makes the organization of collection efforts for Space Weather impacts critical to capturing the effects of this cycle and using the information to plan and design user systems and Space Weather services for the future.

Early implementation of these archive functions is also critical in establishing priorities for new products and support from Space Weather services.

4.2.2.6     RECOMMENDATION 6:  SPACE WEATHER IN USER TERMS AND COMMON DISSIMENATION.

Recommendation Review:

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends the Space Weather community provide information:

· In user impact terms

· Routinely available through common dissemination channels

· Integrated with other user information as required

In summary, the ADT Study concluded:

· Products currently available to operators and planners are inadequate

· Most users need Space Weather information provided in terms of impacts and in  formats that readily integrate into existing or planned systems

· Users need high confidence in Space Weather products for operational decisions and medium confidence for longer term planning

· Military users expect tailored Space Weather products while civil policy expects access to basic data, relying on third party product tailoring

Implementation Strategy (Benefits, Impacts, Issues, and Challenges):  

The 12 actions needed to implement this strategy can be consolidated into two main groups: 1) those that lead to the development of more user friendly Space Weather support products, and 2) those that address the distribution and integration of these products into user systems.  There are close linkages to several other recommendations including: Space Weather Awareness Program, Requirements Documentation, Coordinated Acquisition, Space Weather Archival, National Space Weather Center, and Improved R&D.  Because of these linkages, many actions supporting this recommendation will be implemented in conjunction with actions from the other recommendations.  The timelines for the other recommendations’ actions will drive the implementation timing of this recommendation.

The main benefit of this recommendation will be to improve Space Weather support to the customer by tailoring support to meet their operational needs.

Many issues and challenges will be encountered while implementing these actions.  These include: identifying target sets of systems, processes, and customers that would benefit from improved Space Weather integration to their operations; coordinating development of solutions across many diverse agencies; and achieving enough flexibility in support capabilities to be cost effective. 

Prioritization of Actions:
The three main actions that must be accomplished are:


1.  Providing Space Weather products through common user communications


2.  Characterizing Space Weather impacts on user systems


3.  Establishing and maintaining strong interface with system developers (System Program Offices [SPOs])

Current/Ongoing Activities:
There are four initiatives currently underway that relate to this recommendation:


1.  United States Space Command (USSPACECOM) CRD development: The requirements collection process is well underway and should be reviewed to ensure Space Weather support is being integrated into user systems/CONOPS


2.  USSPACECOM Space Weather Impacts Decision Aid:  Several efforts are ongoing to identify system sensitivities to Space Weather effects


3.  Improvement of Space Weather centers’ use of Internet communications:  Introduction of Internet communications at NOAA SEC has greatly expanded their customer base


4.   Introduction of Space Weather effects in Modeling and Simulation (M&S) and DoD war-gaming:  Space Weather effects on weapons systems in M&S and war-gaming is demonstrating a need for improve Space Weather integration to operations and systems

Relation to Mission Area Timelines and Architecture Vector:
Most of the actions needed to implement this recommendation are not related to or dependent on the Architecture Vector.  Additionally, most are non-material solutions to long-standing Space Weather support deficiencies.  Therefore many of the activities which support this recommendation can be undertaken at any time.  However, the sooner these actions can be performed, the quicker Space Weather support will improve.   

4.2.2.7    RECOMMENDATION 7: INTEGRATED SPACE WEATHER CENTER.

Recommendation Review:

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends the DoD and NOAA evolve to an Integrated Space Weather Center capability to include: 

· Space Weather expertise available for user consultation and support

· A National Security Support Cell to produce tailored products

· Back-up capability to provide support in the event of natural emergencies or catastrophic equipment failures

In summary, the ADT Study concluded:

· The complexity of Space Weather models and forecasting will likely require a full time expert resource available to produce and evaluate products and interface with users

· Centralized processing provides a single point of contact that is best for meeting most user needs

· An Integrated Space Weather Center with civil and joint military staffing along with back-up capabilities could improve efficiency and reduce costs in developing user products

· A National Security Support Cell is needed to focus on tailored products and classified support for DoD and Intelligence Community users

Implementation Strategy (Benefits, Impacts, Issues, and Challenges):
The stakeholder agency representatives present at the Decision Coordination Group meeting approved this recommendation given that NOAA and DoD retain full capability within their respective organizations to meet their customer requirements without depending on the other agency for support.  However, the concepts of sharing data and operational processing resources, cooperative support and back-up, and establishing a virtual organization were embraced.  Therefore, the strategy to implement this recommendation is to establish a “Virtual” National Space Weather Center. 

The main benefits of this CONOPS are the synergy the two agencies will bring to a national center and the robustness of the center to defend against natural, technical, and budgetary problems.

A few of the main issues that will arise include: delineation of operational roles and responsibilities; cost sharing; and establishing reliable, high-speed, low-cost communication between the center locations. 

Prioritization of Actions:
There are three actions that must be accomplished to evolve to a Virtual National Space Weather Center:

1. The CONOPS must be defined

2. Resources need to be identified and committed to the effort

3. A Programming Plan must be architected to apply the resources to realize the end state vision

These three actions cannot be ranked in order of importance to implementing the recommendation.  Rather, they must be performed sequentially as described.  

Current/Ongoing Activities:
Currently, there is a high level of cooperation between the military and civil Space Weather centers, including sharing of data, models, and personnel.  Building on this successful partnership, the USAF and NOAA are pursuing three significant actions that have bearing on the implementation of this recommendation:  


1.  In Spring 1999, NOAA SEC moved into new offices in Boulder, Colorado.  This new facility features upgraded communications and data processing equipment, allowing NOAA SEC to greatly expand its capability in the future.  Furthermore, it is co-located with the NGDC which will improve the integration of the Nation Space Weather Archive into operations.


2.  The USAF has decided to establish a new Space Weather strategic center within the AFWA.  The AFWA Space Weather Operations Center (SWOC) will be functionally integrated with operations of the NOAA SEC to form a single, Virtual National Cell for Space Environmental Services.  The AFWA Space Weather CONOPS will parallel AFWA’s terrestrial weather processing CONOPS in which the NOAA National Centers for Environmental Prediction (NCEP), the US Navy’s Fleet Numerical Meteorological and Oceanographic Center (FNMOC), and AFWA participate in shared processing, cooperative support and back-up.  The Air Force will begin to build the AFWA SWOC in Fiscal Year 2000 using a spiral development approach.  The Space Weather capability will be fused into the existing terrestrial weather processing system and communications infrastructure.  As this development spiral is planned and implemented, integration with the NOAA SEC operational system will be increased.


3. Finally, a number of agencies including NASA, AFWA, AFSPC, NOAA, Air Force Office of Scientific Research (AFOSR), NSF, NRL, and AFRL are establishing the CCMC for Space Weather.  This center, operated by NASA, will also leverage AFWA computational resources to help bridge the gap between R&D and operations.  The CCMC has the potential to substantially reduce the task of transitioning Space Weather models from research operations while encouraging the scientific community to explore operationally relevant areas.

Relation to Mission Area Timelines and Architecture Vector:
The establishment of the Virtual National Space Weather Center is a material solution that will facilitate improved support in all mission areas.  Although the desired Space Weather architecture can be attained without establishing the Virtual National Space Weather Center, the benefits of this interoperability and partnership are obvious.

A major milestone for this effort will occur when the AFWA SWOC reaches Final Operational Capability (FOC) in FY03.  Although the AFWA SWOC and NOAA SEC will work closely together, the integration of the two units will really just begin when AFWA SWOC reaches FOC.  Continuous spiral development improvements are envisioned for AFWA, providing continuous improvements to the integration of the centers.  

4.2.2.8     RECOMMENDATION 8A.  ROBUST R&D.

Recommendation Review: 

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends:

- Provide a robust Space Weather research and development program to:


- Develop and implement the improved models


- Provide options for further growth

- Develop and implement standardized processes to rapidly and efficiently transition R&D into needed operational products

In summary the ADT Study concluded:

- Space Weather is a technically immature discipline and basic research leading to physics based models is vital

- R&D investment is key to reducing model development risk

Implementation Strategy (Benefits, Impacts, Issues, and Challenges): 

Fundamental to the success of the Space Weather architecture is a robust, user-focused R&D program addressing the unsolved scientific problems preventing current Space Weather products from meeting user requirements.

The R&D program shall encompass basic research leading to the development of physics-based Space Weather models, development of Space Weather sensors and generation of Space Weather products for users in all three domains, i.e. the solar and interplanetary medium, the magnetosphere and the ionosphere/thermosphere.  Space Weather models must be developed in a way that allows data from multiple sources to be easily assimilated.  Also, models for specific domains must be merged to seamlessly account for both the origin and effects of Space Weather events.  Challenges to performing Space Weather R&D include continuous access to supercomputers for large model development and support for the design, test and transition of ground and space sensors.  Crucial to the success of R&D is a spiral transition process whereby a Rapid Prototype Center ensures timely production of user-friendly products and validates models at an operational level.  The development of theater specific Space Weather products through R&D of small regional models and localized sensors will be encouraged.

There are many groups performing R&D that are potentially relevant to Space Weather and are funded by several different government and international agencies.  To avoid duplication of effort, research should be focussed on areas most relevant to user requirements, and the differing strengths of government, academia, and industry need to be exploited.  It is necessary to establish areas of responsibility for R&D among the stakeholder agencies and documenting methods for determining operationally relevant Space Weather work.  In certain areas of Space Weather R&D, cost-effective consortia of government, industry, academia and international organizations need to be considered.

Prioritization of Actions: 

The top three actions that must be accomplished are:

1. Coordinate and plan R&D among all the stakeholders

2. Perform R&D leading to the development of Space Weather models and sensors

3. Transition R&D into operations

Current/Ongoing Activities:

To some degree a number of government agencies currently support Space Weather R&D and transition to operations:

- DoD:  The Air Force Research Laboratory (AFRL) and the Naval Research Laboratory (NRL) conduct basic through applied research (6.1-6.3).  USAF runs the SMC/AFRL RPC providing products for 55 SWxS.  USAF is a supporting partner in the CCMC.  The DoD Space Test Program (SMC/TE) provides space-flight support for testing Space Weather sensors

- NASA: Conducts a basic space physics research program covering theory, models, and sensors, is a leader in supplying first flights for new sensors and is a supporting partner in the CCMC

- NOAA: Performs basic and applied Space Weather research and runs the NOAA RPC supporting the NOAA SEC

- NSF: Conducts a basic research program focusing mostly on theory, model, and ground sensor development

- Department of Energy (DoE): Supports Los Alamos National Laboratory research in several Space Weather areas and maintains critical magnetospheric particle sensors on geosynchronous and GPS satellites

- Academia: Through contracts and grants performs a significant fraction of basic research on Space Weather and, to a significantly lesser extent, applied research and product development

- Industry: Through contracts and grants, performs a significant fraction of the work designing and implementing operational Space Weather hardware and software systems for the user agencies, builds all satellites for R&D missions, and is a user of Space Weather products

- International Organizations: A number of international organizations in Europe, Japan, and elsewhere support Space Weather research and have robust space programs.  Japan and Australia have the only operational Space Weather center outside the US though several other countries are considering establishing centers. 

The Space Weather funding areas of responsibility for different agencies and basic research to operations need to be established.  It will be necessary to coordinate and plan R&D among all involved agency stakeholders.

Relation to Mission Area Timelines and Architecture Vector:  

Execution of the Space Weather Architecture Vector is critically dependent on R&D for achieving a global specification and forecast capability.  Significant research work must be done in areas such as solar energetic particle production, cross-domain model coupling, and ionospheric scintillation triggers before quantitative Space Weather forecasts are a reality.  New sensor capabilities such as CEASE, C/NOFS, STEREO, Solar Mass Ejection Imager (SMEI) and neutral particle imaging have yet to be demonstrated and are thus R&D projects.  Some sensor systems, such as the LASCO coronograph and SCINDA ground scintillation detectors have been successfully demonstrated and need to be transitioned to operations before the upcoming solar maximum.  Continued effort to miniaturize ground and space based sensors is needed in order to deploy the quantity of sensors required for global real-time specification in both the ionosphere and magnetosphere. 

4.2.2.9   RECOMMENDATION 8B: LEVERAGE R&D.

Recommendation Review:

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends the Space Weather Community:


-  Continue to leverage research and development missions

- Use data from research and development missions to enhance operational products until operational systems are ready

In summary, the ADT Study concluded:

-  Research and development sensors are a valuable data source and greatly benefit data-starved operations

-  A flexible Space Weather architecture could allow easier transition of R&D to operations

-  More focus on operational needs could improve R&D pay-offs

-  Some R&D is ready for transition to operations now

Implementation Strategy (Benefits, Impacts, Issues, Challenges):

The primary actions initially needed to address this strategy focus on identifying potential opportunities for leveraging R&D activities and integrating data and products acquired via R&D sensors and platforms into Space Weather support operations.  It is imperative for the Space Weather support operations community to identify and document capability shortfalls and look to current R&D programs to fill the gap.  There are close linkages to other recommendations including requirements documentation and coordinated acquisition.

The primary benefit from this Recommendation will be improved support to Space Weather customers.  Other benefits will include potential cost sharing for data and products that can be used operationally and can push the envelope of space environmental support.  In addition, key Space Weather data requirements will be documented.  

Challenges associated with this recommendation include the timeliness and reliability of R&D data and products, security issues, and funding discontinuities. 

Prioritization of Actions:
The three main actions that must be completed are:

1. Review NASA, DoD and commercial R&D missions for applicability to current operations

2. Integrate data and/or products from R&D missions into Space Weather support operations

3. Document Space Weather operational deficiencies and articulate to R&D community to facilitate leveraging opportunities

Current/Ongoing Activities:
DoD and DoC Space Weather support centers currently acquire and apply data from  sensors and platforms (Atmospheric Composition Explorer, SOHO, etc) considered by many to be “R&D” sensors and platforms. 

Relation to Mission Area Timelines and Architecture Vector:

This portion of Recommendation 8 is directly related to the mission area timelines and Recommendation 1, the Space Weather Architecture Vector.  The Space Weather Architecture Vector calls for moving from the current capabilities baseline to the Desired Space Weather Architecture in evolutionary, iterative steps.  Progress will only be made if there is clear and concise communications between the operations and R&D communities.   Give and take between the two communities is essential.

4.2.2.10 RECOMMENDATION 9A: SPACE WEATHER AND MAN-MADE EFFECTS (MME) INFORMATION COORDINATION.

Recommendation Review:

To guide future investment, development, and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends the Space Weather Community:

-  Support the Space Control Protection Mission by providing timely Space Weather Information

In summary, the ADT Study concluded:

-  MME are physically similar to Space Weather effects, differing in that MME are more localized and have different energy levels (9A) 

Implementation Strategy (Benefits, Impacts, Issues, Challenges):  


The actions needed to implement this Recommendation can be divided into those that determine and document requirements and those geared towards obtaining sensors/data to assist the Defensive Counterspace (DCS) mission.

The primary benefit of this Recommendation is to improve the performance of the DCS mission by helping to identify the space environment as a cause of system anomalies.  In addition, key Space Weather requirements will be documented.  

Challenges associated with this Recommendation include lack of customer awareness of the problems posed by the space environment, lack of funding, and issues concerning sensor integration.

Prioritization of Actions:
The three main actions that must be accomplished are:

1.  Determine and document operator specified Space Weather requirements for Defensive Counterspace (DCS) mission.  Pursue Compact Environmental Anomaly Sensor (CEASE II) Advanced Concept Technology Demonstration (ACTD)

3.   Establish policy for Space Weather monitoring sensors for spacecraft

Current/Ongoing Activities:
1. The DCS Roadmap has recently been completed by Air Force Space Command (AFSPC), with Space Weather support being called out as a key contributor for the DCS mission.

2. Documentation (Implementation Plan and Management Plan) for CEASE II ACTD is being prepared by AFSPC. 

Relation to Mission Area Timelines and Architecture Vector:
There are close linkages to other recommendations including: Space Weather awareness, requirements documentation, and coordinated acquisition.  The actions needed to implement this recommendation are related to the timeline and Recommendation 1, Space Weather Architecture Vector.  Both the determination and documentation of requirements and acquisition of new sources of Space Weather data are key to successfully achieving the Desired Architecture included as the end-state for Space Weather Architecture Vector.  It is recommended these actions be completed as soon as possible, especially the determination and documentation of requirements.

4.2.2.11 RECOMMENDATION 9B: INCORPORATE THE SPACE WEATHER  EFFECTS OF MAN-MADE EVENTS INTO A SPACE WEATHER ARCHITECTURE.

Recommendation Review:

To guide future investment, development and acquisition of space and space-related Space Weather capabilities, the NSSA ADT Study recommends the Space Weather Community:


- Incorporate the operational specification and forecasting of space environmental effects of man-made (primarily nuclear) events as a mission into the Space Weather Architecture

In summary, the ADT Study concluded:

- Nuclear effects are the primary man-made threat to the Space Weather environment

-  Users of models would benefit from spacecraft space environmental sensors

-  Nuclear detection missions collect data that would benefit the Space Weather mission area

Implementation Strategy (Benefits, Impacts, Issues, Challenges):  


The actions needed to implement this Recommendation can be divided into those that determine and document new requirements for Space Weather support and those that are geared towards developing the capability to provide assessments of changes to the space environment resulting from man-made events in space.

The primary benefit of this recommendation is to improve the documentation of Space Weather support to assist in assessing the impact of man-made events.  Another key benefit will be that providers of Space Weather support will be trained and better equipped to assess the impacts of man-made effects in the environment.  

Challenges associated with this recommendation include a lack of awareness by potential customers regarding the recovery of the space environment from man-made events, and a lack of awareness by support providers of how man-made effects impact the environment.  Security issues, interagency barriers and funding limitations are also issues that must be overcome.

Prioritization of Actions:
The two main actions that must be accomplished are:

1. Determine and document Space Weather requirements for Defense Threat Reduction Agency (DTRA) mission (i.e. MME scenario)

2. Integrate the specification and forecasting of space environmental effects of man-made events into current Space Weather support operations

Current/Ongoing Activities:
1. Data from nuclear detonation packages are currently being used by the 55th Space Weather Squadron (55 SWXS) to perform satellite anomaly resolutions

2. AFSPC is working advocacy for next generation nuclear detonation sensors

Relation to Mission Area Timelines and Architecture Vector:
There are close linkages to other Recommendations including: Space Weather Awareness and Requirements Documentation.  Determining and documenting Space Weather requirements are directly associated with the Space Weather Architecture Vector.  However, the second action identified is not directly related to the timeline and Architecture Vector.  Since these actions deal with improving or initiating space environmental support to a potentially new set of customers, it is essential that both of these actions be completed as soon as possible, especially the determination and documentation of requirements.

4.3 INVESTMENT STRATEGY.

In order to develop and deploy the improved Space Weather capability for the architecture time frame, a sound investment strategy is required.  Using the transition time-lines and the Desired Architecture as a framework, we’ll attempt to describe a strategy to obtain and apply the necessary funding to realize the end state.

The NSSA Space Weather ADT was able to assess the relative cost benefit of four architectures that trace a vector from the Evolved Baseline Architecture (EBA) through the Desired Architecture.  The intervening steps represent incremental improvements in capability, and presumably user benefit, at increasing funding levels.  The “Minimal” Architecture represents a 77% improvement over the EBA at the same funding level of $4.0B over the 20-year life-cycle but does not meet National Space Weather requirements.  The “Target” Architecture meets most requirements for $4.3B with a 94% improvement over the EBA.  Finally, the Desired Architecture meets currently documented National requirements with a 100% improvement over the EBA at a cost of $4.7B (~17.5% increase in cost).  This Investment Strategy references the EBA in its analysis of the funding to meet the Desired Architecture.

a.  A primary recommendation of the NSSA is to establish a means to systematically collect, catalog and archive Space Weather impacts data/information from system operators.  From this database, operational impacts could/would be evaluated to initiate and assess Space Weather impacts on design and potentially define standards for enhancing operations in the space environment and enhancing Space Weather support products.
b.  Several examples summarize the benefit of Space Weather investment.  The commercial space insurance industry estimates Space Weather impacts cost the US space industry approximately $200M per year in satellite degradation and losses.  Since 1983, Space Weather has caused the failure of 13 satellites and shortened the life of 21 more.  

For the Government, however, economic impacts were not a strong case for Space Weather based on the findings from the study.  The strong case comes from the fact that DoD, through its investment in Space Weather research, development, and mitigation efforts, has increased system design life for its satellite systems.  Satellite systems “mean mission duration times” have increased because system designs have factored in Space Weather effects.  With improved Space Weather climatology applied to better designs and the use of warnings for severe Space Weather, significant economic benefits have been attained.  Other, less quantifiable cases include: UHF and HF communication disruptions causing delayed transmissions and wasted resources in operations and maintenance; power industry losses due to geomagnetic disruption or destruction of power distribution systems; and degraded GPS guidance leading to failed Precision Guided Munitions use.
c.  The “cost” side of the Cost/Benefit analysis is well documented.  Our Nation spends about $200M per year on Space Weather research, development, systems, and operations.  A break out of investment per agency is provided below (Figure 21). This is further broken out per DoD service (Figure 22).  Additionally, a breakout of expenditures for research, operations, personnel etc. is provided below (Figure 23).  Finally, it is interesting to note our total spending on Space Weather services is less than 1% of the total U.S. government expenditures on space systems!  This represents a low cost safeguard against degradation of the overall investment.
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Figure 21:  Space Weather Cost per Agency




Figure 22:  Current DoD share of Space Weather Funding


Figure 23.  Evolved Baseline Assessment Cost by Life Cycle Phase

The funding profile for the life-cycle of the Desired Architecture has been developed and is shown below (Figure 24). The profile is based on current funding levels necessary to meet the requirements of the architecture and should be used as “general guidance” for building budget requests.  These funding profiles are only one solution for the overall National Space Weather investment and therefore should not be considered binding.

a.  So far these profiles have not been broken out for expected contributions from the specific Government agencies or DoD services.  However the basic concept of this investment strategy is cost sharing, interagency partnering and teamwork among the agencies.  It would be misleading and probably detrimental to the cooperative agreements among agencies to attempt to specify individual agency/service cost allocations or responsibilities at this time.  However, many of the systems identified fall under the specific responsibility of a particular agency or consortium; for example, NPOESS funding will continue to be governed by interagency agreements.  This investment strategy will not alter current cost-sharing agreements.  However, those agreements should be reviewed.

b.  Launch costs are a significant factor in these funding profiles.  If our National space lift capability is improved and costs are reduced, the required overall Space Weather funding will also be reduced.

c. The estimated cost in Fiscal Year 1998 dollars for the EBA for the years 2005-2025 is $4.0B.  However, the estimated funding needed for the Desired Architecture is $4.7B.  The NSSA Architecture Development Team determined that the Desired Architecture would provide approximately twice the value added obtained by the EBA.

d. Research and development includes activities specifically focused toward Space Weather operational goals.  Cost estimates assume an approximately equal level of effort in broadly-based R&D in ionospheric, thermospheric, magnetospheric, solar wind, and solar physics.     


Figure 24:  Desired Architecture Funding Profile

Including Basic Research

The architecture estimate would begin transition implementation in the FY05 through FY10 period, while increasing emphasis and joint support for the NASA Space Weather related science mission that is planned to be flown prior to and during this time period.  DoD, NOAA, NSF, and NSSA fully support the NASA Space Weather related missions and should continue to support them in order to achieve the Desired Space Weather Architecture Vector.  An increased emphasis will need to be made within ONR, AFRL, AFOSR, NOAA SEC, and the NSF to focus Space Weather research and development on modeling & simulation for algorithm development and validation.  This emphasis should be in focusing and applying the research to the Space Weather modeling needs for nowcasting/ forecasting.  These increases in emphasis should be internally derived; no interagency transfers of funds should be expected.  However, advocacy from NSSA on the value of Space Weather services to the nation should help Space Weather programs compete better for resources within individual agencies.

4.3.1 INVESTMENT PRIORITIES.

 In keeping with the architectural recommendations developed by the NSSA and the ADT, certain capabilities have been designated as key items in the Desired Architecture.  These key capabilities are referenced by the analogous current or envisioned systems.  The NSSA Space Weather Architecture Study Final Report states, “National Security priorities include ionospheric and radiation environment specification and forecasts.  Civil priorities also include geomagnetic warnings and forecasts.”  Based on this, those systems that best contribute to improving these capabilities should be pursued most vigorously.  The NSSA Space Weather Study support material identifies specific capabilities that were determined to be key.  In addition to these systems, funding priorities include development of a strong National Virtual Center for Space Weather and increased emphasis on R&D.

4.3.2 INSERTION POINTS.

Each agency must pursue funding issues through their respective systems.

a.  Within the DoD, this process is the bi-annual POM.  The next opportunity for improved DoD funding support will be in the FY 02-07 POM.  Traditionally, funding trails solar max by one POM cycle since this is when recent examples of mission impacts can be used to support funding initiatives.  This is expected to prevail in the FY 02-07 POM submissions.  The NSSA recommendation to establish a Space Weather archive for both environment and mission impacts is vital to supporting funding initiatives in later years.

b.  The funding process within other agencies follow different timelines than the DoD process but are still driven by operational (research) requirements and justified by operational (research) benefits. 

(1)  NASA funding cycle operates annually with submissions needed for the following Fiscal year and due in April of the previous year i.e. submit in April 2001 for funding in Oct 2002. 

(2)  The National Science Foundation supports basic research pertaining to space and atmospheric sciences through unsolicited proposals submitted at any time.  A description of the NSF programs in this area can be found in the NSF “Guide to Programs” or at the NSF Web site.  NSF (with contributions from ONR and AFOSR) also supports more focused Space Weather research through competitive proposals submitted in response to special program announcements.  Announcements were issued each year from 1996 through 1999.  Pending availability of funds, similar Space Weather Program announcements will be issued on an annual basis, with proposal due dates in the fall or early winter of each year.

4.3.3 R&D TO OPERATIONS INVESTMENT STRATEGIES.

Due to the experimental nature of Research and Development capabilities and the need to base funding decisions for operational decisions on proven technologies, a gap often occurs after an R&D mission is completed and an operational capability is fielded.  This gap in capability can postpone delivery of operational benefits to the user community.  There are three investment strategies that can minimize or eliminate this gap:

a.  Operational Extension.  The operational community can partner with the R&D mission agency to add pseudo-operational capabilities to the R&D effort.  One example of this is to add real-time data transmission to the R&D system so that it may be used in an operational test-bed.  Another example of this would be funding for the extension of an R&D mission through the operational agency to provide continuing support.

b.  Early Operation Programming.  The operational community can fund for operational follow-on systems of highly promising R&D capabilities prior to completion of the R&D mission.  Although it may be difficult to gain approval for and maintain funding for these systems, the potential benefit to the user community may be worthwhile.  

c.  Risk Reduction Efforts.  Major acquisition programs can pursue risk reduction efforts for their operational systems.  An example of this is funding for limited prototype systems to test planned capabilities of these operational systems.  The net effect of risk reduction is to lower the potential for costly mission failure of the planned operational system while the user community gets a modest capability from the prototype system.    

4.3.4  PROGRAM ASSESSMENT AND EXIT CRITERIA.  

a.  A key to the successful implementation of this investment strategy will be an objective means to measure individual program effectiveness and impact on the overall architecture’s effectiveness.  If program managers are not supported by documented requirements and shortfalls, they will not compete well for resources to improve the Space Weather capabilities.  To these ends, the Space Weather requirements documents must be completed, system impacts must be documented, a method for Space Weather impacts to operations must be implemented, and user satisfaction must be continuously measured.  All these actions are captured within the Transition Plan for implementing the individual recommendations.    

b.  Many of the actions, activities, programs, and systems needed to implement the Desired Architecture will become ongoing efforts.  However, certain exit criteria should be established to ensure methods to sustain these efforts are initiated.

c.  Within each architectural recommendation the individual actions and activities have associated implementation dates and exit criteria.  Those with funding implications have been identified, and the funding implications have been captured within the funding profiles.

d.  Exit criteria for Space Weather capabilities within major acquisition programs will be satisfied when the Space Weather requirement is included within the program.  Once these requirements are incorporated into a program, internal programmatics will bring the capability to operation, given adequate funding.  The routine “budget battles” associated with each individual program will determine if the capability is actually fielded and sustained.  It is essential that these budget battles be fought and won to ensure the future operational or research capability is realized.  Individual agencies will be responsible for supporting their portion of the Space Weather programs.  These agencies will require strong documentation and advocacy to defend funding lines for current and new programs.  The Space Weather Architecture, Transition Plan, National Space Weather Program Strategic and Implementation Plans, and interagency agreements must all be used to support Space Weather funding requirements.  This myriad of challenges can not be specified further than the normal budget cycles within each organization. 

5. SUMMARY.

This Space Weather Architecture Transition Plan provides a tool to assist the United States Space Weather Community in implementing incremental improvements to the support capability and users awareness and utilization of that improved capability.  Implementing the nine recommendations will help put the nation on a path to a robust Space Weather capability.  The recommendations offer an integrated, cohesive program to maximize resources and eliminate, where possible, parallel national efforts in Space Weather support and use.

A high level of cooperation is needed between the national agencies and commercial organizations involved in the use, research, and operations in and through space to maximize the success of implementing the National Security Space Senior Steering Group-approved Space Weather Architecture Vector and associated recommendations.  This Transition Plan provides significant detail to assist in this community collective process.

This Space Weather Architecture Transition Plan does not constitute tasking authority.   The Transition Plan, however, combined with the National Space Weather Program Implementation Plan coordinated by OFCM, will help the Space Weather Community implement the national Space Weather vision and goals.

With the implementation of this Transition Plan, the United States will increase its stature of being the leading technical nation in the world in the use and control of space. 
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		S/W Model 5 (Neutral Environment)						4224		4224		4224

		S/W Model 6 (PCA)						4224		4224		4224

		S/W Model 7 (Radiation Belt)						4224		4224		4224

		S/W Model 8 (Scintillation Equatorial)						4224		4224		4224

		S/W Model 9 (Scintillation Polar)						4224		4224		4224

		S/W Model 10 (Solar CME Prediction)						4224		4224		4224

		S/W Model 11 (Solar CME Propogation)						4224		4224		4224

		S/W Model 12 (Solar Energetic Particles)						528		528		528

		S/W Model 13 (Solar Flare Prediction)						4224		4224		4224

		S/W Model 14 (Solar Wind)						4224		4224		4224

		S/W Model 15						0		0		0

		S/W Model 16						0		0		0

		S/W Model 17						0		0		0

		S/W Model 18						0		0		0

		S/W Model 19						0		0		0

		S/W Model 20						0		0		0

		IA&T SE/PM						20882.4		20882.4		20882.4

		OGCs						22851.3		22851.3		22851.3

		SWx Comms Network						1030.2		960.2		955.2

		Non-Recurring Connection/COTS						1030.2		960.2		955.2

		T 1 Dedicated Links (1.5Mbp/s)						20		0		0

		T 3 Dedicated Links (45Mbp/s)						24.5		24.5		24.5

		500 kb/s Links						5		5		5

		300 kb/s Links						0		0		0

		200 kb/s Links						0		0		0

		100 kb/s Links						60		10		5

		10-20 kb/s Links						605		605		605

		5 kb/s Links						50		50		50

		1 kb/s Links						0		0		0

		HS Internet Links						265.7		265.7		265.7

		TDRSS Comms Link						0		0		0

		SWx Users						22480		22480		22480

		Hardware Tactical Terminals						956		956		956

		Software Tactical Decision Aids						10982.4		10982.4		10982.4

		IA&T SE/PM (G&A)						5969.2		5969.2		5969.2

		OGCs						4572.4		4572.4		4572.4

		Procurement Phase						1044507.2		808390		633933

		Dedicated SWx System						350543.5		226578		59831.1

		C/NOFS Procurement						59831.1		59831.1		59831.1

		Space craft (STD Bus)						20000		20000		20000

		Payload Sensors						6829.7		6829.7		6829.7

		ION Drift Meter						791.9		791.9		791.9

		Plasma Probe						446.3		446.3		446.3

		Magnetometer  LEO						288.8		288.8		288.8

		Multi-band radio beacon						61.7		61.7		61.7

		UV Limb Photometer						683		683		683

		F-P Interferometer						2490.9		2490.9		2490.9

		E-Field Sensor in space						1573.1		1573.1		1573.1

		GPS OS reciever						493.9		493.9		493.9

		IA&T SE/PM						13414.9		13414.9		13414.9

		OGCs						4802.5		4802.5		4802.5

		Sat Control (HW/SW)Subsystem						0		0		0

		Launch Vehicle Subsystem						14784		14784		14784

		L-1 Mission (Mission)						169779		166746.8		0

		Space craft (STD Bus)						39003.2		39003.2		0

		Payload Sensors						7331.1		5525.2		0

		Particle Detector						713.2		713.2		0

		Magnetometer						3663.4		3663.4		0

		LF Radio						1805.9		0		0

		Gallactic Cosmic Ray Detector						1148.6		1148.6		0

		Ground  Antennas 3						37613.2		37613.2		0

		IA&T SE/PM (G&A,FEE)						41973.7		41070.8		0

		OGCs						15026.6		14703.3		0

		Sat Control (HW/SW)Subsystem						0		0		0

		Launch Vehicle Subsystem						28831.2		28831.2		0

		Upper stage Costs						0		0		0

		L-2  (1/2 Stereo) Mission						120933.4		0		0

		Space craft (STD Bus)						39003.2		0		0

		Payload Sensors						9909.3		0		0

		Instruments (>wgt)						9909.3		0		0

		White light Coronograph (WLC)						5868		0		0

		Magnetometer						1540.3		0		0

		Particle Detector						2501		0		0

		IA&T SE/PM (G&A)						24456.3		0		0

		Sat Control (HW/SW)Subsystem						0		0		0

		OGCs						18733.5		0		0

		Launch Vehicle Subsystem						28831.2		0		0

		Upper stage Costs						0		0		0

		Secondary SWx Payloads						386990.6		316007.7		323480.9

		NPOESS SESS ()						57557.3		57557.3		57557.3

		Payload Sensors						34280.7		34280.7		34280.7

		TDRSS Tranceiver						52.6		52.6		52.6

		UV Nadir Sensor						7395.1		7395.1		7395.1

		UV Limb Scanner						8268.1		8268.1		8268.1

		Topside Sounder						4662.3		4662.3		4662.3

		E-Field in space						7871		7871		7871

		Magnetospheric Plasma Wave Detector						3009.4		3009.4		3009.4

		GPS OS reciever						3022.2		3022.2		3022.2

		IA&T SE/PM (G&A,)						17140.3		17140.3		17140.3

		OGCs						6136.2		6136.2		6136.2

		SXI (GOES)						127512.1		73680.6		81153.8

		Payload Sensors						75945.2		43883.6		48334.6

		Soft X-Ray Imager (SXI)						14010.7		14010.7		14010.7

		Solar UV (SUV)						1115		1115		1115

		SVM,SSF & Coronagraph						16606.9		16606.9		16606.9

		Solar Mass Ejection Imager (SMEI)						12151		12151		12151

		Energetic Particle Detector						0		0		1705

		Gallactic Cosmic Ray Detector						0		0		2746

		Earth UV Imager						32061.6		0		0

		IA&T SE/PM (G&A,)						37972.6		21941.8		24167.3

		OGCs						13594.2		7855.2		8651.9

		CEASE Sensor(s)						141490.9		124339.6		124339.6

		Sensor(s)						84270.9		74055.7		74055.7

		ENA Imager						10215.2		0		0

		Other Hosted Magnetometers						33799.9		33799.9		33799.9

		Energetic Particle Detector						13294.3		13294.3		13294.3

		SSJ/5						26961.6		26961.6		26961.6

		IA&T SE/PM (G&A,)						42135.5		37027.9		37027.9

		OGCs						15084.5		13256		13256

		AURORA Follow-On						33161.4		33161.4		33161.4

		UV/IR TelescopeSensors						19750.7		19750.7		19750.7

		IA&T SE/PM (G&A)						9875.4		9875.4		9875.4

		OGCs						3535.4		3535.4		3535.4

		SBIR Low						27268.9		27268.9		27268.9

		Payload Sensors						14481.6		14481.6		14481.6

		GPS OS reciever						14481.6		14481.6		14481.6

		IA&T SE/PM (G&A)						7240.8		7240.8		7240.8

		OGCs						5546.5		5546.5		5546.5

		Ground Sensor Subsystem(s)						100988.5		74024.3		74024.3

		SCINDA Network						28753.8		28753.8		28753.8

		Installation						0		0		0

		Equipment HW/SW						28753.8		28753.8		28753.8

		IA&T SE/PM (G&A)						0		0		0

		OGCs						0		0		0

		TEC Monitors (JPL) GPS Receivers						1366.8		1366.8		1366.8

		Installation						0		0		0

		Equipment HW/SW						1366.8		1366.8		1366.8

		IA&T SE/PM (G&A)						0		0		0

		OGCs						0		0		0

		Magnetometers (USGS)						15620.2		15620.2		15620.2

		Installation						0		0		0

		Equipment HW/SW						15620.2		15620.2		15620.2

		IA&T SE/PM (G&A)						0		0		0

		OGCs						0		0		0

		Ionosondes  (DISS)						22314.6		22314.6		22314.6

		Installation						0		0		0

		Equipment HW/SW(includes installation)						22314.6		22314.6		22314.6

		IA&T SE/PM (G&A)						0		0		0

		OGCs						0		0		0

		All Sky Camera(s)						7454.4		0		0

		Installation						0		0		0

		Equipment HW/SW						7454.4		0		0

		IA&T SE/PM (G&A)						0		0		0

		OGCs						0		0		0

		Solar Electro-Optical Network (SEON)						22018.6		5968.9		5968.9

		Installation						0		0		0

		ISOON & SRBL HW/SW Equipment						18313.3		5968.9		5968.9

		ISRS/SFR HW/SW Equipment						3705.3		0		0

		IA&T SE/PM (G&A)						0		0		0

		OGCs						0		0		0

		Facilities						0		0		0

		Relative Ionospheric Opacity Meter (Riometer)						3460.1		0		0

		Installation						0		0		0

		Equipment HW/SW						3460.1		0		0

		IA&T SE/PM (G&A)						0		0		0

		OGCs						0		0		0

		Control & Processing Centers						115030		100825.4		85642.1

		Dedicated MCCs for CNOF/S & L1 & L2 Sat Control						44571.3		30366.7		15183.4

		Hardware CNOFS C&C terminals						26546.3		18086.2		9043.1

		CNOF/S Control						9043.1		9043.1		9043.1

		L-1 & L-2 Mission  Control						17503.2		9043.1		0

		IA&T SE/PM (G&A)						13273.2		9043.1		4521.6

		OGCs						4751.8		3237.4		1618.7

		SWx Processing						70458.7		70458.7		70458.7

		55swsx Primary						23883		23883		23883

		Hardware Equipment						23883		23883		23883

		Facilities						0		0		0

		IA&T SE/PM (G&A)						0		0		0

		Installation OGCs						0		0		0

		*                    Models

		SEC Secondary						46575.7		46575.7		46575.7

		Hardware terminals						46575.7		46575.7		46575.7

		Facilities						0		0		0

		IA&T SE/PM (G&A)						0		0		0

		OGCs						0		0		0

		*                    Models

		SWx Communications Network						0		0		0

		SWx Users Equipment						90954.6		90954.6		90954.6

		Hardware Tactical Terminals						2968.4		2968.4		2968.4

		Software Tactical Decision Aids						51203.5		51203.5		51203.5

		IA&T SE/PM (G&A)						27085.9		27085.9		27085.9

		OGCs						9696.8		9696.8		9696.8

		Operations & Support Phase						972806.8		920560.5		891873.7

		Manning [Mission Pers]						163858.9		153358.3		135830.4

		Manning Dedicated System CNOF/S						11561.5		11561.5		11561.5

		Manning Dedicated System SOHO						24543		17528		0

		Operations DSN Antenna						5966.4		5966.4		0

		Operations SatOps						18576.6		11561.5		0

		Manning 55SWXS Primary						99673.7		99673.7		99673.7

		Manning SEC Secondary						0		0		0

		Manning SCINDA Network						8942.2		8942.2		8942.2

		Manning TEC Monitors (JPL) GPS Receivers						4768		4768		4768

		Manning Magnetometers (USGS)						4768		4768		4768

		Manning Ionosondes  (DISS)						4091.9		4091.9		4091.9

		Manning All Sky Camera(s)						1171.6		0		0

		Manning Solar Electro-Optical Network (SEON)						4188.9		1875		1875

		Manning Relative Ionospheric Opacity Meter (Riometer)						150		150		150

		User Equipment Maintenance						16473.6		16473.6		16473.6

		Hardware Tactical Terminals Maint						0		0		0

		Software Tactical Decision Aids Maint						16473.6		16473.6		16473.6

		Software Maintenance						465289.7		465289.7		465289.7

		Model Software Maintenance						465289.7		465289.7		465289.7

		TDA Software Maintenance						0		0		0

		Spares & Supply management						17107.4		14830.9		11209.4

		SCINDA Spares						1533.6		1533.6		1533.6

		TEC Monitor Spares						130.5		130.5		130.5

		Magnetometer Spares						958.5		958.5		958.5

		IONOSONDES Spares						2130		2130		2130

		All Sky Camera Spares						196		0		0

		Solar Radio Spectrograph (SRS) Spares						269.8		0		0

		SEON Spares						1432.5		466.9		466.9

		Riometer Spares						186.6		0		0

		CNOFS MCC Spares						658.5		658.5		658.5

		L1 & L2 MCC Spares						1316.9		658.5		0

		Ant and GEP MCC Spares						2963.1		2963.1		0

		Tactical Terminals Spares						244.4		244.4		244.4

		Space Weather 55th Spares						1695.7		1695.7		1695.7

		SEC Spares						3391.4		3391.4		3391.4

		Facilities Maintenance						166.4		166.4		166.4

		SEON Facilities Maintenance						0		0		0

		SEC Facilities Maintenance						64		64		64

		SW55 Facilities Maintenance						102.4		102.4		102.4

		Equipment Maintenance						145247.2		107428.4		100009

		SCINDA Equipment Maint.						5400		5400		5400

		TEC Monitor Equipment Maint.						245		245		245

		Magnetometer Equipment Maint.						1800		1800		1800

		IONOSONDES Equipment Maint.						56000		56000		56000

		All Sky Camera Equipment Maint.						276		0		0

		Solar Radio Spectrograph (SRS) Equipment Maint.						760		0		0

		SEON Equipment Maint.						49600		14912		14912

		Riometer Equipment Maint.						240		0		0

		CNOFS MCC Equipment Maint.						231.9		231.9		231.9

		SOHO MCC Equipment Maint.						5564.5		3709.7		1854.8

		L1 & L2 Ant and GEP MCC Maint.						5564.5		5564.5		0

		Tactical Terminals Equipment Maint.						458.9		458.9		458.9

		Space Weather 55th Equipment Maint.						9553.2		9553.2		9553.2

		SEC Equipment Maint.						9553.2		9553.2		9553.2

		Comms Network O&S						164663.7		163013.2		162895.3

		TDRSS Maint.						84096		84096		84096

		HSI Maint.						6265.6		6265.6		6265.6

		1 KBS Maint.						0		0		0

		5 KBS Maint.						1178.9		1178.9		1178.9

		10 KBS Maint.						14264.4		14264.4		14264.4

		100 KBS Maint.						1414.7		235.8		117.9

		200 KBS Maint.						14264.4		14264.4		14264.4

		300 KBS Maint.						0		0		0

		500 KBS Maint.						117.9		117.9		117.9

		T1 Maint.						471.6		0		0

		T3 Maint.						42590.2		42590.2		42590.2

								0		0		0
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ACEIT Results

		WBS/CES Description						Arch A		Arch B		Arch C

		*Top Level Summary						$   3,033		$   2,578		$   2,268

		Development Phase						$   1,016		$   849		$   742

		Space Mission Subsystem						$   364		$   252		$   138

		Secondary Payload Subsystem						$   217		$   172		$   179

		Ground Sensor Subsystem(s)						$   81		$   71		$   71

		Control & Processing Subsystem(s) Upgrades						$   331		$   331		$   331

		SWx Comms Network						$   1		$   1		$   1

		SWx Users						$   22		$   22		$   22

		Procurement Phase						$   1,045		$   808		$   634

		Space Mission Subsystem						$   351		$   227		$   60

		Secondary Payload Subsystem						$   387		$   316		$   323

		Ground Sensor Subsystem(s)						$   101		$   74		$   74

		Control & Processing Subsystem(s) Upgrades						$   115		$   101		$   86

		SWx Comms Network						$   0		$   0		$   0

		SWx Users						$   91		$   91		$   91

		Operations & Support Phase						$   973		$   921		$   892

		Mission Personnel						$   164		$   153		$   136

		User Equipment Maintenance						$   16		$   16		$   16

		Software Maintenance						$   465		$   465		$   465

		Spares						$   17		$   15		$   11

		Facilities Maintenance						$   0		$   0		$   0

		Equipment Maintenance						$   145		$   107		$   100

		Comms Network O&S						$   165		$   163		$   163

								Arch A		Arch B		Arch C

		*Space Weather System Summary						$   2,919		$   1,143		$   877

		Space Mission Subsystem						$   715		$   478		$   198

		C/NOFS						$   198		$   198		$   198

		Development						$   138		$   138		$   138

		Procurement						$   60		$   60		$   60

		L-1  (Mission)						$   290		$   280		$   - 0

		Development						$   120		$   114		$   - 0

		Procurement						$   170		$   167		$   - 0

		(1/2 Stereo) (Mission)						$   227		$   - 0		$   - 0

		Development						$   106		$   - 0		$   - 0

		Procurement						$   121		$   - 0		$   - 0

								Arch A		Arch B		Arch C

		Secondary Payload Subsystem						$   603		$   488		$   502

		NPOESS SESS						$   102		$   102		$   102

		Development						$   44		$   44		$   44

		Procurement						$   58		$   58		$   58

		SXI/SUV (GOES)						$   237		$   147		$   161

		Development						$   109		$   74		$   80

		Procurement						$   128		$   74		$   81

		CEASE Secondary Payload(s)						$   164		$   138		$   138

		Development						$   22		$   13		$   13

		Procurement						$   141		$   124		$   124

		AURORA Follow-On						$   70		$   70		$   70

		Development						$   37		$   37		$   37

		Procurement						$   33		$   33		$   33

		SBIR LEO						$   31		$   31		$   31

		Development						$   4		$   4		$   4

		Procurement						$   27		$   27		$   27

								Arch A		Arch B		Arch C

		Ground Sensor Subsystem(s)						$   182		$   145		$   145

		SCINDA Network						$   96		$   96		$   96

		Development						$   67		$   67		$   67

		Procurement						$   29		$   29		$   29

		TEC Monitors (JPL) GPS Receivers						$   1		$   1		$   1

		Development						$   - 0		$   - 0		$   - 0

		Procurement						$   1		$   1		$   1

		Magnetometers (USGS)						$   16		$   16		$   16

		Development						$   - 0		$   - 0		$   - 0

		Procurement						$   16		$   16		$   16

		Ionosondes  (DISS)						$   22		$   22		$   22

		Development						$   - 0		$   - 0		$   - 0

		Procurement						$   22		$   22		$   22

		All Sky Camera(s)						$   8		$   - 0		$   - 0

		Development						$   1		$   - 0		$   - 0

		Procurement						$   7		$   - 0		$   - 0

		Solar Electro-Optical Network (SEON)						$   35		$   10		$   10

		Development						$   13		$   4		$   4

		Procurement						$   22		$   6		$   6

		Relative Ionospheric Opacity Meter (Riometer)						$   3		$   - 0		$   - 0

		Development						$   - 0		$   - 0		$   - 0

		Procurement						$   3		$   - 0		$   - 0

								Arch A		Arch B		Arch C

		Control & Processing Subsystem(s) Upgrades						$   446		$   431		$   416

		Dedicated SWx Systems Control						$   45		$   30		$   15

		Development						$   - 0		$   - 0		$   - 0

		Procurement						$   45		$   30		$   15

		SWx Processing						$   401		$   401		$   401

		Development						$   331		$   331		$   331

		Procurement						$   70		$   70		$   70

		SWx Communications Network						$   1		$   1		$   1

		Development						$   1		$   1		$   1

		Procurement						$   - 0		$   - 0		$   - 0

		SWx Users						$   113		$   113		$   113

		Development						$   22		$   22		$   22

		Procurement						$   91		$   91		$   91

		Operations & Support Phase						$   973		$   921		$   892

		Mission Personnel						$   164		$   153		$   136

		User Equipment Maintenance						$   16		$   16		$   16

		Software Maintenance						$   465		$   465		$   465

		Spares						$   17		$   15		$   11

		Facilities Maintenance						$   0		$   0		$   0

		Equipment Maintenance						$   145		$   107		$   100

		Comms Network O&S						$   165		$   163		$   163

								Arch A		Arch B		Arch C

		* Detailed SWx Architecture Estimates						$   - 0		$   - 0		$   - 0

		Development Phase						$   1,016		$   849		$   742

		Space Mission Subsystem						$   364		$   252		$   138

		Equatorial C/NOFS Development						$   138		$   138		$   138

		Space craft (STD Bus)						$   26		$   26		$   26

		Payload Sensors						$   39		$   39		$   39

		ION Drift Meter						$   3		$   3		$   3

		Plasma Probe						$   2		$   2		$   2

		Magnetometer  LEO						$   1		$   1		$   1

		Multi-band radio beacon						$   0		$   0		$   0

		UV Limb Photometer						$   2		$   2		$   2

		F-P Interferometer						$   10		$   10		$   10

		E-Field Sensor						$   4		$   4		$   4

		GPS OS reciever						$   - 0		$   - 0		$   - 0

		Software						$   17		$   17		$   17

		IA&T SE/PM (G&A)						$   33		$   33		$   33

		Sat Control (HW/SW)Subsystem						$   - 0		$   - 0		$   - 0

		OGCs						$   25		$   25		$   25

		Launch Vehicle Subsystem						$   15		$   15		$   15

		L-1  Mission						$   120		$   114		$   - 0

		Space craft (STD Bus)						$   26		$   26		$   - 0

		Payload Sensors						$   30		$   26		$   - 0

		Instruments (>wgt)						$   30		$   26		$   - 0

		Particle Detector						$   1		$   1		$   - 0

		Magnetometer						$   6		$   6		$   - 0

		LF Radio						$   3		$   - 0		$   - 0

		Gallactic Cosmic Ray Detector						$   2		$   2		$   - 0

		Software						$   17		$   17		$   - 0

		IA&T SE/PM (G&A)						$   28		$   26		$   - 0

		Sat Control (HW/SW)Subsystem						$   - 0		$   - 0		$   - 0

		OGCs						$   21		$   20		$   - 0

		Launch Vehicle Subsystem						$   15		$   15		$   - 0

		Upper stage Costs						$   - 0		$   - 0		$   - 0

		L-2  (1/2 Stereo) Mission						$   106		$   - 0		$   - 0

		Space craft (STD Bus)						$   26		$   - 0		$   - 0

		Payload Sensors						$   23		$   - 0		$   - 0

		Instruments (>wgt)						$   14		$   - 0		$   - 0

		White light Coronograph (WLC)						$   10		$   - 0		$   - 0

		Magnetometer						$   3		$   - 0		$   - 0

		Particle Detector						$   1		$   - 0		$   - 0

		Software						$   9		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   24		$   - 0		$   - 0

		Sat Control (HW/SW)Subsystem						$   - 0		$   - 0		$   - 0

		OGCs						$   19		$   - 0		$   - 0

		Launch Vehicle Subsystem						$   15		$   - 0		$   - 0

		Upper stage Costs						$   - 0		$   - 0		$   - 0

		Secondary Payload Subsystem						$   217		$   172		$   179

		NPOESS SESS (> wgt)						$   44		$   44		$   44

		Bus Modifications						$   3		$   3		$   3

		Payload Sensors						$   22		$   22		$   22

		TDRSS Tranceiver						$   0		$   0		$   0

		UV Nadir Sensor						$   6		$   6		$   6

		UV Limb Scanner						$   6		$   6		$   6

		Topside Sounder						$   1		$   1		$   1

		E-Field in space						$   4		$   4		$   4

		Magnetospheric Plasma Wave Detector						$   2		$   2		$   2

		GPS OS reciever						$   2		$   2		$   2

		IA&T SE/PM (G&A)						$   11		$   11		$   11

		OGCs						$   8		$   8		$   8

		SXI/SUV (GOES)						$   109		$   74		$   80

		Bus Modifications						$   7		$   7		$   7

		Payload Sensors (>wgt)						$   54		$   36		$   39

		Soft X-Ray Imager (SXI)						$   10		$   10		$   10

		Solar UV (SUV)						$   1		$   1		$   1

		SVM,SSF & Coronagraph						$   15		$   15		$   15

		Solar Mass Ejection Imager (SMEI)						$   9		$   9		$   9

		Energetic Particle Detector						$   - 0		$   - 0		$   1

		Gallactic Cosmic Ray Detector						$   - 0		$   - 0		$   2

		Earth UV Imager						$   19		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   27		$   18		$   19

		OGCs						$   21		$   14		$   15

		CEASE Secondary Payload(s)						$   22		$   13		$   13

		Bus Modifications						$   5		$   5		$   5

		Payload(s)						$   9		$   5		$   5

		ENA Imager						$   5		$   - 0		$   - 0

		Other Hosted Magnetometers						$   1		$   1		$   1

		Energetic Particle Detector						$   1		$   1		$   1

		SSJ						$   2		$   2		$   2

		*                Space Sensor Software (Dev Only)						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   5		$   2		$   2

		OGCs						$   4		$   2		$   2

		AURORA Follow-On						$   37		$   37		$   37

		Bus Modifications						$   2		$   2		$   2

		UV/IR TelescopeSensors						$   19		$   19		$   19

		IA&T SE/PM (G&A)						$   9		$   9		$   9

		OGCs						$   7		$   7		$   7

		SBIR Low						$   4		$   4		$   4

		Bus Modifications						$   2		$   2		$   2

		Payload Sensors						$   1		$   1		$   1

		GPS OS reciever						$   1		$   1		$   1

		IA&T SE/PM (G&A)						$   1		$   1		$   1

		OGCs						$   0		$   0		$   0

		Ground Sensor Subsystem(s)						$   81		$   71		$   71

		SCINDA Network						$   67		$   67		$   67

		Equipment HW/SW						$   37		$   37		$   37

		IA&T SE/PM (G&A)						$   23		$   23		$   23

		OGCs						$   7		$   7		$   7

		TEC Monitors (JPL) GPS Receivers						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Magnetometers (USGS)						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Ionosondes  (DISS)						$   - 0		$   - 0		$   - 0

		Equipment HW/SW(includes installation)						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		All Sky Camera(s)						$   1		$   - 0		$   - 0

		Equipment HW/SW						$   1		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Solar Electro-Optical Network (SEON)						$   13		$   4		$   4

		ISOON & SRBL HW/SW Equipment						$   9		$   4		$   4

		SRS & SFR						$   4		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Relative Ionospheric Opacity Meter (Riometer)						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Control & Processing Subsystem(s) Upgrades						$   331		$   331		$   331

		Dedicated SWx Systems Control (COTS)						$   - 0		$   - 0		$   - 0

		COTS  CNOF/S Control						$   - 0		$   - 0		$   - 0

		COTS  L-1 & L-2 Mission  Control						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		SWx Processing						$   331		$   331		$   331

		55SWSX System upgrade SWAFS						$   20		$   20		$   20

		Equipment HW/SW						$   20		$   20		$   20

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		SEC System upgrade						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Space Weather Model Develpment						$   207		$   207		$   207

		S/W Model 1 (Aurora Clutter)						$   8		$   8		$   8

		S/W Model 2 (Aurora Emissions)						$   8		$   8		$   8

		S/W Model 3 (Ionosphere)						$   8		$   8		$   8

		S/W Model 4 (Magnetospheric Part and Field)						$   17		$   17		$   17

		S/W Model 5 (Neutral Environment)						$   8		$   8		$   8

		S/W Model 6 (PCA)						$   8		$   8		$   8

		S/W Model 7 (Radiation Belt)						$   8		$   8		$   8

		S/W Model 8 (Scintillation Equatorial)						$   8		$   8		$   8

		S/W Model 9 (Scintillation Polar)						$   8		$   8		$   8

		S/W Model 10 (Solar CME Prediction)						$   8		$   8		$   8

		S/W Model 11 (Solar CME Propogation)						$   8		$   8		$   8

		S/W Model 12 (Solar Energetic Particles)						$   1		$   1		$   1

		S/W Model 13 (Solar Flare Prediction)						$   8		$   8		$   8

		S/W Model 14 (Solar Wind)						$   8		$   8		$   8

		S/W Model 15						$   - 0		$   - 0		$   - 0

		S/W Model 16						$   - 0		$   - 0		$   - 0

		S/W Model 17						$   - 0		$   - 0		$   - 0

		S/W Model 18						$   - 0		$   - 0		$   - 0

		S/W Model 19						$   - 0		$   - 0		$   - 0

		S/W Model 20						$   - 0		$   - 0		$   - 0

		IA&T SE/PM						$   42		$   42		$   42

		OGCs						$   46		$   46		$   46

		Space Weather Model Re-Develpment						$   103		$   103		$   103

		S/W Model 1 (Aurora Clutter)						$   4		$   4		$   4

		S/W Model 2 (Aurora Emissions)						$   4		$   4		$   4

		S/W Model 3 (Ionosphere)						$   4		$   4		$   4

		S/W Model 4 (Magnetospheric Part and Field)						$   8		$   8		$   8

		S/W Model 5 (Neutral Environment)						$   4		$   4		$   4

		S/W Model 6 (PCA)						$   4		$   4		$   4

		S/W Model 7 (Radiation Belt)						$   4		$   4		$   4

		S/W Model 8 (Scintillation Equatorial)						$   4		$   4		$   4

		S/W Model 9 (Scintillation Polar)						$   4		$   4		$   4

		S/W Model 10 (Solar CME Prediction)						$   4		$   4		$   4

		S/W Model 11 (Solar CME Propogation)						$   4		$   4		$   4

		S/W Model 12 (Solar Energetic Particles)						$   1		$   1		$   1

		S/W Model 13 (Solar Flare Prediction)						$   4		$   4		$   4

		S/W Model 14 (Solar Wind)						$   4		$   4		$   4

		S/W Model 15						$   - 0		$   - 0		$   - 0

		S/W Model 16						$   - 0		$   - 0		$   - 0

		S/W Model 17						$   - 0		$   - 0		$   - 0

		S/W Model 18						$   - 0		$   - 0		$   - 0

		S/W Model 19						$   - 0		$   - 0		$   - 0

		S/W Model 20						$   - 0		$   - 0		$   - 0

		IA&T SE/PM						$   21		$   21		$   21

		OGCs						$   23		$   23		$   23

		SWx Comms Network						$   1		$   1		$   1

		Non-Recurring Connection/COTS						$   1		$   1		$   1

		T 1 Dedicated Links (1.5Mbp/s)						$   0		$   - 0		$   - 0

		T 3 Dedicated Links (45Mbp/s)						$   0		$   0		$   0

		500 kb/s Links						$   0		$   0		$   0

		300 kb/s Links						$   - 0		$   - 0		$   - 0

		200 kb/s Links						$   - 0		$   - 0		$   - 0

		100 kb/s Links						$   0		$   0		$   0

		10-20 kb/s Links						$   1		$   1		$   1

		5 kb/s Links						$   0		$   0		$   0

		1 kb/s Links						$   - 0		$   - 0		$   - 0

		HS Internet Links						$   0		$   0		$   0

		TDRSS Comms Link						$   - 0		$   - 0		$   - 0

		SWx Users						$   22		$   22		$   22

		Hardware Tactical Terminals						$   1		$   1		$   1

		Software Tactical Decision Aids						$   11		$   11		$   11

		IA&T SE/PM (G&A)						$   6		$   6		$   6

		OGCs						$   5		$   5		$   5

		Procurement Phase						$   1,045		$   808		$   634

		Dedicated SWx System						$   351		$   227		$   60

		C/NOFS Procurement						$   60		$   60		$   60

		Space craft (STD Bus)						$   20		$   20		$   20

		Payload Sensors						$   7		$   7		$   7

		ION Drift Meter						$   1		$   1		$   1

		Plasma Probe						$   0		$   0		$   0

		Magnetometer  LEO						$   0		$   0		$   0

		Multi-band radio beacon						$   0		$   0		$   0

		UV Limb Photometer						$   1		$   1		$   1

		F-P Interferometer						$   2		$   2		$   2

		E-Field Sensor in space						$   2		$   2		$   2

		GPS OS reciever						$   0		$   0		$   0

		IA&T SE/PM						$   13		$   13		$   13

		OGCs						$   5		$   5		$   5

		Sat Control (HW/SW)Subsystem						$   - 0		$   - 0		$   - 0

		Launch Vehicle Subsystem						$   15		$   15		$   15

		L-1 Mission (Mission)						$   170		$   167		$   - 0

		Space craft (STD Bus)						$   39		$   39		$   - 0

		Payload Sensors						$   7		$   6		$   - 0

		Particle Detector						$   1		$   1		$   - 0

		Magnetometer						$   4		$   4		$   - 0

		LF Radio						$   2		$   - 0		$   - 0

		Gallactic Cosmic Ray Detector						$   1		$   1		$   - 0

		Ground  Antennas 3						$   38		$   38		$   - 0

		IA&T SE/PM (G&A,FEE)						$   42		$   41		$   - 0

		OGCs						$   15		$   15		$   - 0

		Sat Control (HW/SW)Subsystem						$   - 0		$   - 0		$   - 0

		Launch Vehicle Subsystem						$   29		$   29		$   - 0

		Upper stage Costs						$   - 0		$   - 0		$   - 0

		L-2  (1/2 Stereo) Mission						$   121		$   - 0		$   - 0

		Space craft (STD Bus)						$   39		$   - 0		$   - 0

		Payload Sensors						$   10		$   - 0		$   - 0

		Instruments (>wgt)						$   10		$   - 0		$   - 0

		White light Coronograph (WLC)						$   6		$   - 0		$   - 0

		Magnetometer						$   2		$   - 0		$   - 0

		Particle Detector						$   3		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   24		$   - 0		$   - 0

		Sat Control (HW/SW)Subsystem						$   - 0		$   - 0		$   - 0

		OGCs						$   19		$   - 0		$   - 0

		Launch Vehicle Subsystem						$   29		$   - 0		$   - 0

		Upper stage Costs						$   - 0		$   - 0		$   - 0

		Secondary SWx Payloads						$   387		$   316		$   323

		NPOESS SESS ()						$   58		$   58		$   58

		Payload Sensors						$   34		$   34		$   34

		TDRSS Tranceiver						$   0		$   0		$   0

		UV Nadir Sensor						$   7		$   7		$   7

		UV Limb Scanner						$   8		$   8		$   8

		Topside Sounder						$   5		$   5		$   5

		E-Field in space						$   8		$   8		$   8

		Magnetospheric Plasma Wave Detector						$   3		$   3		$   3

		GPS OS reciever						$   3		$   3		$   3

		IA&T SE/PM (G&A,)						$   17		$   17		$   17

		OGCs						$   6		$   6		$   6

		SXI (GOES)						$   128		$   74		$   81

		Payload Sensors						$   76		$   44		$   48

		Soft X-Ray Imager (SXI)						$   14		$   14		$   14

		Solar UV (SUV)						$   1		$   1		$   1

		SVM,SSF & Coronagraph						$   17		$   17		$   17

		Solar Mass Ejection Imager (SMEI)						$   12		$   12		$   12

		Energetic Particle Detector						$   - 0		$   - 0		$   2

		Gallactic Cosmic Ray Detector						$   - 0		$   - 0		$   3

		Earth UV Imager						$   32		$   - 0		$   - 0

		IA&T SE/PM (G&A,)						$   38		$   22		$   24

		OGCs						$   14		$   8		$   9

		CEASE Sensor(s)						$   141		$   124		$   124

		Sensor(s)						$   84		$   74		$   74

		ENA Imager						$   10		$   - 0		$   - 0

		Other Hosted Magnetometers						$   34		$   34		$   34

		Energetic Particle Detector						$   13		$   13		$   13

		SSJ/5						$   27		$   27		$   27

		IA&T SE/PM (G&A,)						$   42		$   37		$   37

		OGCs						$   15		$   13		$   13

		AURORA Follow-On						$   33		$   33		$   33

		UV/IR TelescopeSensors						$   20		$   20		$   20

		IA&T SE/PM (G&A)						$   10		$   10		$   10

		OGCs						$   4		$   4		$   4

		SBIR Low						$   27		$   27		$   27

		Payload Sensors						$   14		$   14		$   14

		GPS OS reciever						$   14		$   14		$   14

		IA&T SE/PM (G&A)						$   7		$   7		$   7

		OGCs						$   6		$   6		$   6

		Ground Sensor Subsystem(s)						$   101		$   74		$   74

		SCINDA Network						$   29		$   29		$   29

		Installation						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   29		$   29		$   29

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		TEC Monitors (JPL) GPS Receivers						$   1		$   1		$   1

		Installation						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   1		$   1		$   1

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Magnetometers (USGS)						$   16		$   16		$   16

		Installation						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   16		$   16		$   16

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Ionosondes  (DISS)						$   22		$   22		$   22

		Installation						$   - 0		$   - 0		$   - 0

		Equipment HW/SW(includes installation)						$   22		$   22		$   22

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		All Sky Camera(s)						$   7		$   - 0		$   - 0

		Installation						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   7		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Solar Electro-Optical Network (SEON)						$   22		$   6		$   6

		Installation						$   - 0		$   - 0		$   - 0

		ISOON & SRBL HW/SW Equipment						$   18		$   6		$   6

		ISRS/SFR HW/SW Equipment						$   4		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Facilities						$   - 0		$   - 0		$   - 0

		Relative Ionospheric Opacity Meter (Riometer)						$   3		$   - 0		$   - 0

		Installation						$   - 0		$   - 0		$   - 0

		Equipment HW/SW						$   3		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		Control & Processing Centers						$   115		$   101		$   86

		Dedicated MCCs for CNOF/S & L1 & L2 Sat Control						$   45		$   30		$   15

		Hardware CNOFS C&C terminals						$   27		$   18		$   9

		CNOF/S Control						$   9		$   9		$   9

		L-1 & L-2 Mission  Control						$   18		$   9		$   - 0

		IA&T SE/PM (G&A)						$   13		$   9		$   5

		OGCs						$   5		$   3		$   2

		SWx Processing						$   70		$   70		$   70

		55swsx Primary						$   24		$   24		$   24

		Hardware Equipment						$   24		$   24		$   24

		Facilities						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		Installation OGCs						$   - 0		$   - 0		$   - 0

		*                    Models						$   - 0		$   - 0		$   - 0

		SEC Secondary						$   47		$   47		$   47

		Hardware terminals						$   47		$   47		$   47

		Facilities						$   - 0		$   - 0		$   - 0

		IA&T SE/PM (G&A)						$   - 0		$   - 0		$   - 0

		OGCs						$   - 0		$   - 0		$   - 0

		*                    Models						$   - 0		$   - 0		$   - 0

		SWx Communications Network						$   - 0		$   - 0		$   - 0

		SWx Users Equipment						$   91		$   91		$   91

		Hardware Tactical Terminals						$   3		$   3		$   3

		Software Tactical Decision Aids						$   51		$   51		$   51

		IA&T SE/PM (G&A)						$   27		$   27		$   27

		OGCs						$   10		$   10		$   10

		Operations & Support Phase						$   973		$   921		$   892

		Manning [Mission Pers]						$   164		$   153		$   136

		Manning Dedicated System CNOF/S						$   12		$   12		$   12

		Manning Dedicated System SOHO						$   25		$   18		$   - 0

		Operations DSN Antenna						$   6		$   6		$   - 0

		Operations SatOps						$   19		$   12		$   - 0

		Manning 55SWXS Primary						$   100		$   100		$   100

		Manning SEC Secondary						$   - 0		$   - 0		$   - 0

		Manning SCINDA Network						$   9		$   9		$   9

		Manning TEC Monitors (JPL) GPS Receivers						$   5		$   5		$   5

		Manning Magnetometers (USGS)						$   5		$   5		$   5

		Manning Ionosondes  (DISS)						$   4		$   4		$   4

		Manning All Sky Camera(s)						$   1		$   - 0		$   - 0

		Manning Solar Electro-Optical Network (SEON)						$   4		$   2		$   2

		Manning Relative Ionospheric Opacity Meter (Riometer)						$   0		$   0		$   0

		User Equipment Maintenance						$   16		$   16		$   16

		Hardware Tactical Terminals Maint						$   - 0		$   - 0		$   - 0

		Software Tactical Decision Aids Maint						$   16		$   16		$   16

		Software Maintenance						$   465		$   465		$   465

		Model Software Maintenance						$   465		$   465		$   465

		TDA Software Maintenance						$   - 0		$   - 0		$   - 0

		Spares & Supply management						$   17		$   15		$   11

		SCINDA Spares						$   2		$   2		$   2

		TEC Monitor Spares						$   0		$   0		$   0

		Magnetometer Spares						$   1		$   1		$   1

		IONOSONDES Spares						$   2		$   2		$   2

		All Sky Camera Spares						$   0		$   - 0		$   - 0

		Solar Radio Spectrograph (SRS) Spares						$   0		$   - 0		$   - 0

		SEON Spares						$   1		$   0		$   0

		Riometer Spares						$   0		$   - 0		$   - 0

		CNOFS MCC Spares						$   1		$   1		$   1

		L1 & L2 MCC Spares						$   1		$   1		$   - 0

		Ant and GEP MCC Spares						$   3		$   3		$   - 0

		Tactical Terminals Spares						$   0		$   0		$   0

		Space Weather 55th Spares						$   2		$   2		$   2

		SEC Spares						$   3		$   3		$   3

		Facilities Maintenance						$   0		$   0		$   0

		SEON Facilities Maintenance						$   - 0		$   - 0		$   - 0

		SEC Facilities Maintenance						$   0		$   0		$   0

		SW55 Facilities Maintenance						$   0		$   0		$   0

		Equipment Maintenance						$   145		$   107		$   100

		SCINDA Equipment Maint.						$   5		$   5		$   5

		TEC Monitor Equipment Maint.						$   0		$   0		$   0

		Magnetometer Equipment Maint.						$   2		$   2		$   2

		IONOSONDES Equipment Maint.						$   56		$   56		$   56

		All Sky Camera Equipment Maint.						$   0		$   - 0		$   - 0

		Solar Radio Spectrograph (SRS) Equipment Maint.						$   1		$   - 0		$   - 0

		SEON Equipment Maint.						$   50		$   15		$   15

		Riometer Equipment Maint.						$   0		$   - 0		$   - 0

		CNOFS MCC Equipment Maint.						$   0		$   0		$   0

		SOHO MCC Equipment Maint.						$   6		$   4		$   2

		L1 & L2 Ant and GEP MCC Maint.						$   6		$   6		$   - 0

		Tactical Terminals Equipment Maint.						$   0		$   0		$   0

		Space Weather 55th Equipment Maint.						$   10		$   10		$   10

		SEC Equipment Maint.						$   10		$   10		$   10

		Comms Network O&S						$   165		$   163		$   163

		TDRSS Maint.						$   84		$   84		$   84

		HSI Maint.						$   6		$   6		$   6

		1 KBS Maint.						$   - 0		$   - 0		$   - 0

		5 KBS Maint.						$   1		$   1		$   1

		10 KBS Maint.						$   14		$   14		$   14

		100 KBS Maint.						$   1		$   0		$   0

		200 KBS Maint.						$   14		$   14		$   14

		300 KBS Maint.						$   - 0		$   - 0		$   - 0

		500 KBS Maint.						$   0		$   0		$   0

		T1 Maint.						$   0		$   - 0		$   - 0

		T3 Maint.						$   43		$   43		$   43
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Summary Charts

						Space Weather         Alternative Architectures				O-EBA		Arch A		Arch B		Arch C

		Total								$   4.0		$   4.7		$   4.3		$   4.0

				Scientific Research						$   1.7		$   1.7		$   1.7		$   1.7				Increase by $.1B.  Added TWINS/IMAGE pgms back into basic research line.

				Development						$   0.5		$   1.0		$   0.8		$   0.7				When this is done, no additional theory development effort is

						Space Mission Subsystem(s)						$   0.4		$   0.3		$   0.1				required to be added to the Architecture Model development efforts

						Secondary Payload Subsystem(s)						$   0.2		$   0.2		$   0.2

						Ground Sensor Subsystem(s)						$   0.1		$   0.1		$   0.1

						Control & Processing System(s)						$   0.3		$   0.3		$   0.3				$.1B of added R&D for models has been moved to Scientific research

						Communications Network(s)						$   0.0		$   0.0		$   0.0

						User(s)						$   0.0		$   0.0		$   0.0

				Procurement						$   1.1		$   1.0		$   0.8		$   0.6

						Space Mission Subsystem(s)						$   0.4		$   0.2		$   0.1

						Secondary Payload Subsystem(s)						$   0.4		$   0.3		$   0.3

						Ground Sensor Subsystem(s)						$   0.1		$   0.1		$   0.1

						Control & Processing System(s)						$   0.1		$   0.1		$   0.1

						Communications Network(s)						$   0.0		$   0.0		$   0.0

						User(s)						$   0.1		$   0.1		$   0.1

				Operations & Support						$   0.7		$   1.0		$   0.9		$   0.9

						Personnel						$   0.2		$   0.2		$   0.1

						TDA Maintenance						$   0.0		$   0.0		$   0.0

						Software Maitenance						$   0.5		$   0.5		$   0.5

						Spares						$   0.0		$   0.0		$   0.0

						Facilities Maintenance						$   0.0		$   0.0		$   0.0

						Equipment Maintenance						$   0.1		$   0.1		$   0.1

						Communications Network Support						$   0.2		$   0.2		$   0.2

						*O-EBA Comms  Links from Centers are paid for from funds other than those budgeted.

						NASA Scientific Missions make up ~$364M in R&D,  ~$338M of Procurement & ~$93 of O&S costs of O-EBA. NSF ONR AFOSR and AFRL ~
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						Space Weather         Alternative Architectures				O-EBA		Arch A		Arch B		Arch C		Arch D

		Total								$   4.0		$   4.8		$   4.3		$   4.0		$   3.5

				Scientific Research						$   1.7		$   1.7		$   1.7		$   1.7		$   1.7		Increase by $.1B.  Added TWINS/IMAGE pgms back into basic research line

				Development						$   0.5		$   1.0		$   0.8		$   0.7		$   0.5		When this is done, no additional theory development effort is

						Space Mission Subsystem(s)						$   0.4		$   0.3		$   0.1		$   -		required to be added to the Architecture Model development efforts

						Secondary Payload Subsystem(s)						$   0.2		$   0.2		$   0.2		$   0.2

						Ground Sensor Subsystem(s)						$   0.1		$   0.1		$   0.1		$   0.1

						Control & Processing System(s)						$   0.3		$   0.3		$   0.3		$   0.3		Arch D No CNOF/S, CEASE and Associated Models

						Communications Network(s)						$   0.0		$   0.0		$   0.0		$   0.0

						User(s)						$   0.0		$   0.0		$   0.0		$   0.0

				Procurement						$   1.1		$   1.0		$   0.8		$   0.6		$   0.4

						Space Mission Subsystem(s)						$   0.4		$   0.2		$   0.1		$   -

						Secondary Payload Subsystem(s)						$   0.4		$   0.3		$   0.3		$   0.2

						Ground Sensor Subsystem(s)						$   0.1		$   0.1		$   0.1		$   0.1

						Control & Processing System(s)						$   0.1		$   0.1		$   0.1		$   0.1

						Communications Network(s)						$   0.0		$   0.0		$   0.0		$   -

						User(s)						$   0.1		$   0.1		$   0.1		$   0.1

				Operations & Support						$   0.7		$   1.0		$   0.9		$   0.9		$   0.8

						Personnel						$   0.2		$   0.2		$   0.1		$   0.1

						TDA Maintenance						$   0.0		$   0.0		$   0.0		$   0.0

						Software Maitenance						$   0.5		$   0.5		$   0.5		$   0.4

						Spares						$   0.0		$   0.0		$   0.0		$   0.0

						Facilities Maintenance						$   0.0		$   0.0		$   0.0		$   -

						Equipment Maintenance						$   0.1		$   0.1		$   0.1		$   0.1

						Communications Network Support						$   0.2		$   0.2		$   0.2		$   0.2

						*O-EBA Comms  Links from Centers are paid for from funds other than those budgeted.

						NASA Scientific Missions make up ~$364M in R&D,  ~$338M of Procurement & ~$93 of O&S costs of O-EBA. NSF ONR AFOSR and AFRL ~

						Space Weather         Alternative Architectures				O-EBA		Arch A		Arch B		Arch C		Arch D

		Total								$   4.0		$   4.8		$   4.3		$   4.0		$   3.5

				Scientific Research						$   1.6		$   1.7		$   1.7		$   1.7		$   1.7

				Additional Model Research								$   -		$   -		$   -		$   -

				Development						$   0.7		$   1.0		$   0.8		$   0.7		$   0.5

				Procurement						$   1.1		$   1.0		$   0.8		$   0.6		$   0.4

				Operations & Support						$   0.7		$   1.0		$   0.9		$   0.9		$   0.8
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		O-EBA		O-EBA		O-EBA		O-EBA

		Arch A		Arch A		Arch A		Arch A

		Arch B		Arch B		Arch B		Arch B

		Arch C		Arch C		Arch C		Arch C



Operations & Support

Procurement

Development

Scientific Research

0.653

1.071

0.544

1.7225

0.9728069

1.0445082

1.0157166

1.7225

0.9205605

0.808391

0.849419

1.7225

0.8918738

0.633934

0.7421638

1.7225



		WBS/CES Description						A (H)		B (M)		C (L)		X

		SWx Architecture

		Control Subsystem Qty's and Manpower Requirements

		Dedicated L-1 C&C (7yr life) Sites						1		1

		Dedicated  C&C Mission Personnel						9		9

		L-1 Mission  Antenna Operations Personnel						6		6						3 antennas, (24/7 ops (~2 pers/antenna) Automated stations controlled thru C&C Ops

		Dedicated L-2 (1/2 Stereo) C&C (7yr life) Sites														All TT&C Health/Status support is performed by L-1 Mission equipment

		Dedicated  C&C Mission Personnel						5								All Ops/personnel support is performed by L-1 Mission pers

		L-2 Mission  Antenna Operations Personnel														All Data Comms is performed thru L-1  DSN like  Antenna's

		Dedicated Equatorial C&C (7yr life) Sites						1		1		1

		Dedicated  Mission (Equatorial) Personnel						9		9		9

		Architecture Operations & Maintenance Personnel

		Primary Processing Sites (10yr life)						1		1		1

		Primary Processing Personnel						97		97		97				Per ADT#7 comments; look at Increasing personnel  for all AA's that include SEON (decided on+5)

		Backup Processing Sites (10yr life)

		Backup Processing Personnel														-N/A-

		Distributed (Cells) Sites

		Distributed (Cells) Personnel														-N/A-

		Distributed Processing Sites

		Distributed Processing Personnel														10 persons/'forecasting' distributed processing site; 5 pers/ for 'obseration' distributed sites

		SCINDA Sites						30		30		30

		SCINDA Maintenance personnel						7		7		7				7 pers for the 30 operational sites, or 14 pers for the 60 ops sites

		TEC/MAG/ION Sites						50		50		50

		TEC/MAG/ION/Photometers Maintenance personnel						9		9		9				9 pers for the 50 operational sites 6 when the Magnetometers are taken out of the architecture

		Neutron Detector Sites

		Neutron Detector Maintenance personnel														-N/A-

		All-Sky Camera Sites						10

		All-Sky Camera Maintenance personnel						2								2 pers for the 10 operational sites

		SEON Sites						4		4		4

		SEON /CHIPS Maintenance personnel						2		2		2				2 pers  for all 4 sites

		Riometer Sites

		Riometer Maintenance personnel														-N/A-

		E-Field radar Sites

		E-Field Radar Ops/Maintenance personnel														-N/A-

				Total Personnel				146		139		124
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ACEIT Pasted

		Cost Element		Approp		FY 2003		FY 2004		FY 2005		FY 2006		FY 2007		FY 2008		FY 2009		FY 2010		FY 2011		FY 2012		FY 2013		FY 2014		FY 2015		FY 2016		FY 2017		FY 2018		FY 2019		FY 2020		FY 2021		FY 2022		FY 2023		FY 2024		FY 2025		Total

		*Space Weather System Summary

		Space Mission Subsystem								$   27,476		$   44,341		$   39,098		$   21,097		$   34,520		$   39,388		$   59,485		$   63,406		$   38,641		$   22,748		$   64,970		$   6,819						$   62,012				$   6,742		$   58,626		$   6,617		$   59,831		$   58,921		$   478,256

		C/NOFS																				$   31,670		$   51,236		$   36,034		$   15,721		$   3,383																		$   59,831				$   197,876

		Development																				$   31,670		$   51,236		$   36,034		$   15,721		$   3,383																						$   138,045

		Procurement																																														$   59,831				$   59,831

		L-1  (Mission)								$   27,476		$   44,341		$   39,098		$   21,097		$   10,113										$   7,027		$   61,587		$   6,819										$   6,742		$   58,626		$   6,617						$   280,380

		Development								$   27,476		$   44,341		$   31,313		$   13,699		$   2,935																																		$   113,633

		Procurement												$   7,786		$   7,398		$   7,178										$   7,027		$   61,587		$   6,819										$   6,742		$   58,626		$   6,617						$   166,747

		(1/2 Stereo) (Mission)																$   24,407		$   39,388		$   27,815		$   12,169		$   2,607												$   62,012												$   58,921

		Development																$   24,407		$   39,388		$   27,815		$   12,169		$   2,607

		Procurement																																				$   62,012												$   58,921

		Secondary Payload Subsystem						$   8,550		$   38,755		$   50,064		$   37,796		$   33,108		$   35,771		$   12,662		$   33,718		$   27,044		$   17,378		$   22,985		$   48,071		$   47,007		$   20,928		$   9,608		$   13,889		$   11,538		$   33,856		$   46,387		$   34,925		$   10,563		$   8,890		$   488,398

		NPOESS SESS																		$   10,153		$   16,385		$   11,593		$   5,040		$   13,430		$   11,730												$   22,523		$   10,959								$   101,812

		Development																		$   10,153		$   16,385		$   11,593		$   5,040		$   1,085																								$   44,255

		Procurement																										$   12,345		$   11,730												$   22,523		$   10,959								$   57,557

		SXI/SUV (GOES)								$   25,014		$   40,367		$   28,506		$   12,472		$   30,021												$   25,986		$   25,215												$   24,683		$   24,279						$   147,290

		Development								$   25,014		$   40,367		$   28,506		$   12,472		$   2,672																																		$   73,609

		Procurement																$   27,350												$   25,986		$   25,215												$   24,683		$   24,279						$   73,681

		CEASE Secondary Payload(s)												$   5,053		$   8,175		$   5,750		$   2,509		$   17,333		$   15,452		$   12,338		$   9,555		$   9,426		$   9,319		$   9,227		$   9,147		$   9,076		$   7,229		$   7,183		$   7,142		$   7,103		$   7,068		$   5,435		$   137,677

		Development												$   5,053		$   8,175		$   5,750		$   2,509		$   540																														$   13,337

		Procurement																				$   16,793		$   15,452		$   12,338		$   9,555		$   9,426		$   9,319		$   9,227		$   9,147		$   9,076		$   7,229		$   7,183		$   7,142		$   7,103		$   7,068		$   5,435		$   124,340

		AURORA Follow-On						$   8,550		$   13,741		$   9,697		$   4,236		$   12,461																$   10,971		$   10,645																		$   70,301

		Development						$   8,550		$   13,741		$   9,697		$   4,236		$   915																																				$   37,140

		Procurement														$   11,546																$   10,971		$   10,645																		$   33,161

		SBIR LEO																												$   929		$   1,503		$   1,057		$   461		$   4,814		$   4,309		$   4,150		$   3,603		$   3,543		$   3,495		$   3,455		$   31,318

		Development																												$   929		$   1,503		$   1,057		$   461		$   99														$   4,049

		Procurement																																				$   4,715		$   4,309		$   4,150		$   3,603		$   3,543		$   3,495		$   3,455		$   27,269

		Ground Sensor Subsystem(s)				$   180		$   120		$   521		$   854		$   3,162		$   1,800		$   26,301		$   27,133		$   5,544		$   5,136		$   5,361		$   4,926		$   4,423		$   4,370		$   7,024		$   5,683		$   19,505		$   29,550		$   11,711		$   5,168		$   5,879		$   5,838		$   1,675		$   145,300

		SCINDA Network																$   20,243		$   14,943		$   2,664		$   1,911		$   1,866		$   1,833		$   1,806		$   1,785		$   1,766		$   1,169		$   11,283		$   18,025		$   8,471		$   2,281		$   2,263		$   2,247		$   1,675		$   96,230

		Development																$   20,243		$   13,495																		$   10,121		$   16,869		$   6,748										$   67,476

		Procurement																		$   1,448		$   2,664		$   1,911		$   1,866		$   1,833		$   1,806		$   1,785		$   1,766		$   1,169		$   1,162		$   1,156		$   1,724		$   2,281		$   2,263		$   2,247		$   1,675		$   28,754

		TEC Monitors (JPL) GPS Receivers																$   - 0		$   110		$   100		$   96		$   94		$   92		$   91		$   90		$   89		$   88		$   87		$   87		$   86		$   86		$   85		$   85				$   1,367

		Development																$   - 0		$   - 0																		$   - 0		$   - 0												$   - 0

		Procurement																		$   110		$   100		$   96		$   94		$   92		$   91		$   90		$   89		$   88		$   87		$   87		$   86		$   86		$   85		$   85				$   1,367

		Magnetometers (USGS)																$   - 0		$   1,254		$   1,145		$   1,102		$   1,075		$   1,056		$   1,040		$   1,027		$   1,017		$   1,007		$   999		$   992		$   985		$   979		$   974		$   969				$   15,620

		Development																$   - 0		$   - 0																		$   - 0		$   - 0

		Procurement																		$   1,254		$   1,145		$   1,102		$   1,075		$   1,056		$   1,040		$   1,027		$   1,017		$   1,007		$   999		$   992		$   985		$   979		$   974		$   969				$   15,620

		Ionosondes  (DISS)																$   - 0		$   1,791		$   1,635		$   1,575		$   1,536		$   1,508		$   1,486		$   1,468		$   1,452		$   1,439		$   1,427		$   1,417		$   1,407		$   1,399		$   1,391		$   1,384				$   22,315

		Development																$   - 0		$   - 0																		$   - 0		$   - 0												$   - 0

		Procurement																		$   1,791		$   1,635		$   1,575		$   1,536		$   1,508		$   1,486		$   1,468		$   1,452		$   1,439		$   1,427		$   1,417		$   1,407		$   1,399		$   1,391		$   1,384				$   22,315

		All Sky Camera(s)				$   180		$   120		$   521		$   854		$   462										$   453		$   790		$   437								$   180		$   120		$   433		$   761		$   424		$   1,166		$   1,154

		Development				$   180		$   120																												$   180		$   120

		Procurement								$   521		$   854		$   462										$   453		$   790		$   437												$   433		$   761		$   424		$   1,166		$   1,154

		Solar Electro-Optical Network (SEON)												$   2,700		$   1,800		$   6,058		$   7,261														$   2,700		$   1,800		$   5,588		$   6,911												$   9,769

		Development												$   2,700		$   1,800		$   1,140		$   760														$   2,700		$   1,800		$   1,140		$   760												$   3,800

		Procurement																$   4,918		$   6,501																		$   4,448		$   6,151												$   5,969

		Relative Ionospheric Opacity Meter (Riometer)																		$   1,774																				$   1,686

		Development

		Procurement																		$   1,774																				$   1,686

		Control & Processing Subsystem(s) Upgrades														$   32,995		$   18,712		$   32,478		$   26,347		$   17,154								$   10,998		$   36,598		$   38,429		$   40,293		$   71,042		$   24,157		$   19,606		$   3,655		$   49,493		$   23,709		$   431,461

		Dedicated SWx Systems Control																$   7,786		$   7,398				$   7,786														$   7,178		$   7,027				$   7,398								$   30,367

		Development

		Procurement																$   7,786		$   7,398				$   7,786														$   7,178		$   7,027				$   7,398								$   30,367

		SWx Processing														$   32,995		$   10,926		$   25,081		$   26,347		$   9,368								$   10,998		$   36,598		$   38,429		$   33,115		$   64,015		$   24,157		$   12,209		$   3,655		$   49,493		$   23,709		$   401,094

		Development														$   32,995		$   10,926		$   25,081		$   11,832										$   10,998		$   36,598		$   38,429		$   18,600		$   40,933		$   15,179		$   12,209		$   3,655		$   49,493		$   23,709		$   330,635

		Procurement																				$   14,515		$   9,368														$   14,515		$   23,083		$   8,978										$   70,459

		SWx Communications Network																		$   1,030																																$   960

		Development																		$   1,030																																$   960

		Procurement

		SWx Users																				$   12,408		$   17,999		$   9,995		$   856		$   9,201		$   8,679				$   8,912		$   9,274		$   807		$   8,719		$   8,283				$   8,575		$   8,947		$   112,654

		Development																				$   12,408		$   8,632						$   360						$   360						$   360						$   360				$   22,480

		Procurement																						$   9,367		$   9,995		$   856		$   8,841		$   8,679				$   8,552		$   9,274		$   807		$   8,359		$   8,283				$   8,215		$   8,947		$   90,174

		Operations & Support Phase								$   15		$   20		$   344		$   329		$   1,017		$   63,601		$   63,767		$   63,855		$   62,778		$   63,102		$   63,047		$   63,047		$   62,717		$   62,685		$   64,431		$   65,352		$   63,744		$   63,538		$   63,103		$   62,774		$   19,502		$   920,520

		Mission Personnel																		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924		$   10,924				$   153,358

		User Equipment Maintenance																		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098		$   1,098				$   16,474

		Software Maintenance																		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019		$   31,019				$   465,290

		Spares								$   15		$   20		$   344		$   329		$   1,017		$   1,194		$   1,360		$   1,333		$   371		$   695		$   640		$   640		$   310		$   279		$   2,024		$   2,945		$   1,338		$   1,016		$   696		$   367		$   137		$   14,790

		Facilities Maintenance																		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   10		$   166

		Equipment Maintenance																		$   9,064		$   9,064		$   9,179		$   9,064		$   9,064		$   9,064		$   9,064		$   9,064		$   9,064		$   9,064		$   9,064		$   9,064		$   9,179		$   9,064		$   9,064		$   9,064		$   107,428

		Comms Network O&S																		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   10,292		$   163,013
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FY Phased

		Cost Element				FY 2003		FY 2004		FY 2005		FY 2006		FY 2007		FY 2008		FY 2009		FY 2010		FY 2011		FY 2012		FY 2013		FY 2014		FY 2015		FY 2016		FY 2017		FY 2018		FY 2019		FY 2020		FY 2021		FY 2022		FY 2023		FY 2024		FY 2025		Total

		*SWx Summary				$   0.0		$   8.7		$   66.8		$   95.3		$   80.4		$   89.3		$   116.3		$   176.3		$   201.3		$   194.6		$   134.2		$   114.6		$   189.7		$   140.9		$   127.3		$   125.3		$   209.4		$   178.3		$   148.9		$   201.6		$   114.2		$   197.1		$   121.6		$   2,578		$   3,032

		Space Mission				$   - 0		$   - 0		$   27.5		$   44.3		$   39.1		$   21.1		$   34.5		$   39.4		$   59.5		$   63.4		$   38.6		$   22.7		$   65.0		$   6.8		$   - 0		$   - 0		$   62.0		$   - 0		$   6.7		$   58.6		$   6.6		$   59.8		$   58.9		$   478		$   715

		C/NOFS				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   31.7		$   51.2		$   36.0		$   15.7		$   3.4		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   59.8		$   - 0		$   198

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   31.7		$   51.2		$   36.0		$   15.7		$   3.4		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   138

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   59.8		$   - 0		$   60

		L-1  (Mission)				$   - 0		$   - 0		$   27.5		$   44.3		$   39.1		$   21.1		$   10.1		$   - 0		$   - 0		$   - 0		$   - 0		$   7.0		$   61.6		$   6.8		$   - 0		$   - 0		$   - 0		$   - 0		$   6.7		$   58.6		$   6.6		$   - 0		$   - 0		$   280

		Development				$   - 0		$   - 0		$   27.5		$   44.3		$   31.3		$   13.7		$   2.9		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   114

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   7.8		$   7.4		$   7.2		$   - 0		$   - 0		$   - 0		$   - 0		$   7.0		$   61.6		$   6.8		$   - 0		$   - 0		$   - 0		$   - 0		$   6.7		$   58.6		$   6.6		$   - 0		$   - 0		$   167

		(1/2 Stereo)				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   24.4		$   39.4		$   27.8		$   12.2		$   2.6		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   62.0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   58.9		$   - 0

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   24.4		$   39.4		$   27.8		$   12.2		$   2.6		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   62.0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   58.9		$   - 0

		Secondary Payload				$   - 0		$   8.6		$   38.8		$   50.1		$   37.8		$   33.1		$   35.8		$   12.7		$   33.7		$   27.0		$   17.4		$   23.0		$   48.1		$   47.0		$   20.9		$   9.6		$   13.9		$   11.5		$   33.9		$   46.4		$   34.9		$   10.6		$   8.9		$   488		$   603

		NPOESS SESS				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   10.2		$   16.4		$   11.6		$   5.0		$   13.4		$   11.7		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   22.5		$   11.0		$   - 0		$   - 0		$   - 0		$   102

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   10.2		$   16.4		$   11.6		$   5.0		$   1.1		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   44

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   12.3		$   11.7		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   22.5		$   11.0		$   - 0		$   - 0		$   - 0		$   58

		SXI/SUV (GOES)				$   - 0		$   - 0		$   25.0		$   40.4		$   28.5		$   12.5		$   30.0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   26.0		$   25.2		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   24.7		$   24.3		$   - 0		$   - 0		$   147

		Development				$   - 0		$   - 0		$   25.0		$   40.4		$   28.5		$   12.5		$   2.7		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   74

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   27.3		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   26.0		$   25.2		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   24.7		$   24.3		$   - 0		$   - 0		$   74

		CEASE Payload(s)				$   - 0		$   - 0		$   - 0		$   - 0		$   5.1		$   8.2		$   5.7		$   2.5		$   17.3		$   15.5		$   12.3		$   9.6		$   9.4		$   9.3		$   9.2		$   9.1		$   9.1		$   7.2		$   7.2		$   7.1		$   7.1		$   7.1		$   5.4		$   138

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   5.1		$   8.2		$   5.7		$   2.5		$   0.5		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   13

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   16.8		$   15.5		$   12.3		$   9.6		$   9.4		$   9.3		$   9.2		$   9.1		$   9.1		$   7.2		$   7.2		$   7.1		$   7.1		$   7.1		$   5.4		$   124

		AURORA				$   - 0		$   8.6		$   13.7		$   9.7		$   4.2		$   12.5		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   11.0		$   10.6		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   70

		Development				$   - 0		$   8.6		$   13.7		$   9.7		$   4.2		$   0.9		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   37

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   11.5		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   11.0		$   10.6		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   33

		SBIR LEO				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   0.9		$   1.5		$   1.1		$   0.5		$   4.8		$   4.3		$   4.2		$   3.6		$   3.5		$   3.5		$   3.5		$   31

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   0.9		$   1.5		$   1.1		$   0.5		$   0.1		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   4

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   4.7		$   4.3		$   4.2		$   3.6		$   3.5		$   3.5		$   3.5		$   27

		Cost Element				FY 2003		FY 2004		FY 2005		FY 2006		FY 2007		FY 2008		FY 2009		FY 2010		FY 2011		FY 2012		FY 2013		FY 2014		FY 2015		FY 2016		FY 2017		FY 2018		FY 2019		FY 2020		FY 2021		FY 2022		FY 2023		FY 2024		FY 2025		Total

		Ground Sensor				$   0.2		$   0.1		$   0.5		$   0.9		$   3.2		$   1.8		$   26.3		$   27.1		$   5.5		$   5.1		$   5.4		$   4.9		$   4.4		$   4.4		$   7.0		$   5.7		$   19.5		$   29.6		$   11.7		$   5.2		$   5.9		$   5.8		$   1.7		$   145		$   182

		SCINDA Network				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   20.2		$   14.9		$   2.7		$   1.9		$   1.9		$   1.8		$   1.8		$   1.8		$   1.8		$   1.2		$   11.3		$   18.0		$   8.5		$   2.3		$   2.3		$   2.2		$   1.7		$   96

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   20.2		$   13.5		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   10.1		$   16.9		$   6.7		$   - 0		$   - 0		$   - 0		$   - 0		$   67

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.4		$   2.7		$   1.9		$   1.9		$   1.8		$   1.8		$   1.8		$   1.8		$   1.2		$   1.2		$   1.2		$   1.7		$   2.3		$   2.3		$   2.2		$   1.7		$   29

		JPL TEC Monitors				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   - 0		$   1

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   0.1		$   - 0		$   1

		Magnetometers				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.3		$   1.1		$   1.1		$   1.1		$   1.1		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   - 0		$   16

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.3		$   1.1		$   1.1		$   1.1		$   1.1		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   1.0		$   - 0		$   16

		Ionosondes  (DISS)				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.8		$   1.6		$   1.6		$   1.5		$   1.5		$   1.5		$   1.5		$   1.5		$   1.4		$   1.4		$   1.4		$   1.4		$   1.4		$   1.4		$   1.4		$   - 0		$   22

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.8		$   1.6		$   1.6		$   1.5		$   1.5		$   1.5		$   1.5		$   1.5		$   1.4		$   1.4		$   1.4		$   1.4		$   1.4		$   1.4		$   1.4		$   - 0		$   22

		All Sky Camera(s)				$   0.2		$   0.1		$   0.5		$   0.9		$   0.5		$   - 0		$   - 0		$   - 0		$   - 0		$   0.5		$   0.8		$   0.4		$   - 0		$   - 0		$   - 0		$   0.2		$   0.1		$   0.4		$   0.8		$   0.4		$   1.2		$   1.2		$   - 0		$   - 0

		Development				$   0.2		$   0.1		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   0.2		$   0.1		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Procurement				$   - 0		$   - 0		$   0.5		$   0.9		$   0.5		$   - 0		$   - 0		$   - 0		$   - 0		$   0.5		$   0.8		$   0.4		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   0.4		$   0.8		$   0.4		$   1.2		$   1.2		$   - 0		$   - 0

		SMC (SEON)				$   - 0		$   - 0		$   - 0		$   - 0		$   2.7		$   1.8		$   6.1		$   7.3		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   2.7		$   1.8		$   5.6		$   6.9		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   10

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   2.7		$   1.8		$   1.1		$   0.8		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   2.7		$   1.8		$   1.1		$   0.8		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   4

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   4.9		$   6.5		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   4.4		$   6.2		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   6

		Riometer				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.8		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.7		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.8		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.7		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Control & Processing				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   33.0		$   18.7		$   32.5		$   26.3		$   17.2		$   - 0		$   - 0		$   - 0		$   11.0		$   36.6		$   38.4		$   40.3		$   71.0		$   24.2		$   19.6		$   3.7		$   49.5		$   23.7		$   431

		Dedicated SWx Control				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   7.8		$   7.4		$   - 0		$   7.8		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   7.2		$   7.0		$   - 0		$   7.4		$   - 0		$   - 0		$   - 0		$   30

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   7.8		$   7.4		$   - 0		$   7.8		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   7.2		$   7.0		$   - 0		$   7.4		$   - 0		$   - 0		$   - 0		$   30

		SWx Processing				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   33.0		$   10.9		$   25.1		$   26.3		$   9.4		$   - 0		$   - 0		$   - 0		$   11.0		$   36.6		$   38.4		$   33.1		$   64.0		$   24.2		$   12.2		$   3.7		$   49.5		$   23.7		$   401

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   33.0		$   10.9		$   25.1		$   11.8		$   - 0		$   - 0		$   - 0		$   - 0		$   11.0		$   36.6		$   38.4		$   18.6		$   40.9		$   15.2		$   12.2		$   3.7		$   49.5		$   23.7		$   331

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   14.5		$   9.4		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   14.5		$   23.1		$   9.0		$   - 0		$   - 0		$   - 0		$   - 0		$   70

		Cost Element				FY 2003		FY 2004		FY 2005		FY 2006		FY 2007		FY 2008		FY 2009		FY 2010		FY 2011		FY 2012		FY 2013		FY 2014		FY 2015		FY 2016		FY 2017		FY 2018		FY 2019		FY 2020		FY 2021		FY 2022		FY 2023		FY 2024		FY 2025		Total

		SWx Comms Network				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		SWx Users				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   12.4		$   18.0		$   10.0		$   0.9		$   9.2		$   8.7		$   - 0		$   8.9		$   9.3		$   0.8		$   8.7		$   8.3		$   - 0		$   8.6		$   8.9		$   113

		Development				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   12.4		$   8.6		$   - 0		$   - 0		$   0.4		$   - 0		$   - 0		$   0.4		$   - 0		$   - 0		$   0.4		$   - 0		$   - 0		$   0.4		$   - 0		$   22

		Procurement				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   9.4		$   10.0		$   0.9		$   8.8		$   8.7		$   - 0		$   8.6		$   9.3		$   0.8		$   8.4		$   8.3		$   - 0		$   8.2		$   8.9		$   90

		O & S Phase				$   - 0		$   - 0		$   0.0		$   0.0		$   0.3		$   0.3		$   1.0		$   63.6		$   63.8		$   63.9		$   62.8		$   63.1		$   63.0		$   63.0		$   62.7		$   62.7		$   64.4		$   65.4		$   63.7		$   63.5		$   63.1		$   62.8		$   19.5		$   921

		Mission Personnel				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   10.9		$   - 0		$   153

		User Equip Maint.				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   1.1		$   - 0		$   16

		SW Maint.				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   31.0		$   - 0		$   465

		Spares				$   - 0		$   - 0		$   0.0		$   0.0		$   0.3		$   0.3		$   1.0		$   1.2		$   1.4		$   1.3		$   0.4		$   0.7		$   0.6		$   0.6		$   0.3		$   0.3		$   2.0		$   2.9		$   1.3		$   1.0		$   0.7		$   0.4		$   0.1		$   15

		Facilities Maint.				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0.0		$   0

		Equipment Maint.				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   9.1		$   9.1		$   9.2		$   9.1		$   9.1		$   9.1		$   9.1		$   9.1		$   9.1		$   9.1		$   9.1		$   9.1		$   9.2		$   9.1		$   9.1		$   9.1		$   107

		Comms Network				$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   10.3		$   163

		Development				$   0.2		$   8.7		$   66.2		$   94.4		$   71.8		$   70.1		$   68.1		$   92.4		$   100.6		$   83.6		$   43.7		$   16.8		$   4.7		$   12.5		$   40.4		$   41.2		$   30.1		$   58.6		$   22.3		$   12.2		$   3.7		$   49.9		$   23.7		$   1,016

		Procurement				$   - 0		$   - 0		$   0.5		$   0.9		$   8.2		$   18.9		$   47.2		$   20.3		$   36.9		$   47.1		$   27.7		$   34.7		$   122.0		$   65.4		$   24.2		$   21.4		$   114.9		$   54.4		$   62.9		$   125.9		$   47.4		$   84.4		$   78.4		$   1,044

		O & S Phase				$   - 0		$   - 0		$   0.0		$   0.0		$   0.3		$   0.3		$   1.0		$   63.6		$   63.8		$   63.9		$   62.8		$   63.1		$   63.0		$   63.0		$   62.7		$   62.7		$   64.4		$   65.4		$   63.7		$   63.5		$   63.1		$   62.8		$   19.5		$   973		$   3,032

		Total  $M				$   0.2		$   8.7		$   66.8		$   95.3		$   80.4		$   89.3		$   116.3		$   176.3		$   201.3		$   194.6		$   134.2		$   114.6		$   189.7		$   140.9		$   127.3		$   125.3		$   209.4		$   178.3		$   148.9		$   201.6		$   114.2		$   197.1		$   121.6		$   3,032

		Basic Research				$   0.4		$   67.1		$   48.3		$   44.1		$   44.1		$   63.1		$   86.7		$   141.2		$   142.7		$   104.8		$   97.6		$   65.6		$   47.6		$   44.1		$   44.1		$   63.1		$   86.7		$   141.2		$   142.7		$   104.8		$   97.6		$   65.6		$   47.6		$   1,791
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O-EBA info

		Cost Element				Arch C *				O-EBA				Delta

		Space Weather System Summary				$2,255.0				$2,254.0				$1.0

		Space Mission Subsystem

		C/NOFS				$202.0				$261.0				($59.0)

		L-1  (Mission)				$0.0				$489.0				($489.0)

		(1/2 Stereo) (Mission)				$0.0				$0.0				$0.0

		Secondary Payload Subsystem

		NPOESS SESS				$102.0				$189.2				($87.2)

		SXI/SUV (GOES)				$161.0				$317.6				($156.6)

		CEASE Secondary Payload(s)				$138.0				$65.5				$72.5

		AURORA Follow-On				$70.0				$0.0				$70.0

		SBIR LEO				$31.0								$31.0

		Ground Sensor Subsystem(s)

		SCINDA Network				$96.0				$18.9				$77.1

		TEC Monitors (JPL) GPS Receivers				$1.0				$4.2				($3.2)

		Magnetometers (USGS)				$16.0				$42.0				($26.0)

		Ionosondes  (DISS)				$22.0				$14.5				$7.5

		Solar Electro-Optical Network (SEON)				$10.0				$263.9				($253.9)

		Relative Ionospheric Opacity Meter (Riometer)				$0.0				$6.8				($6.8)

		Control & Processing Subsystem(s) Upgrades

		SWx Processing HW & SW/Models				$884.0				$446.0				$438.0

		SWx Users				$129.0				$0.0				$129.0

		Operations & Support Phase

		Personnel				$133.0								$133.0

		Spares				$11.0								$11.0

		Equipment/Facilities Maintenance*				$83.0								$83.0

		SWx Communications Network				$164.0								$164.0

		LANL sensor costs								$135.4				($135.4)

		* Architecture O&S costs are captured under Operations & Support Phase Cost Element
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EBA info

																Model Information is Based on Science Mission & Theory Development  Profile developed by Design Team

				Model		Total  Theory Develop		FY		98		99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23				Total

																																																																0

				Solar Flares Dev		100								6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6																		102

				Solar CME Prediction Dev		200								10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10												200

				Solar CME Propogation Dev		200								12		12		12		12		12		12		12		12		12		12		12		12		12		12		12		12		8																		200

				Solar Wind Dev		100								10		10		10		10		10		10		10		10		10		10																																100

				Solar Energetic Particles Dev		100								10		10		10		10		10		10		10		10		10		10																																100

				Magnetospheric Dev		500																						42		42		42		42		42		42		42		42		42		42		42		38														500

				Radiation Belt Dev		100								6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		4																		100

				Ionosphere Dev		200																12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5												200

				Equatorial Scintillation Dev		150																11		11		11		11		11		11		11		11		11		11		11		11		11		7																150

				Polar Scintillation Dev		100																8.3		8.3		8.3		8.3		8.3		8.3		8.3		8.3		8.3		8.3		8.3		8.3																				100

				Nuetral Environment Dev		250																16		13		13		13		13		13		13		13		13		13		13		13		13		13		13		13		13		13		13						250

				Polar Cap Absorption Dev		50								17		17		16																																														50

				Manyears								0		71		71		70		54		102		99		99		141		141		141		121		121		121		121		121		121		107		85		74		36		13		13		13		0				2052

				FY98M$'s ($211k/my)						FY98 $M		0.0		15.0		15.0		14.8		11.4		21.5		20.8		20.8		29.7		29.7		29.7		25.5		25.5		25.5		25.5		25.5		25.5		22.5		17.8		15.5		7.5		2.7		2.7		2.7						$   433

				Manyears quantified & scheduled by Design Team

				FY98M$'s O-EBA Modeling LOE:								21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1		21.1						$   506

				Delta								21.1		6.1		6.1		6.3		9.7		-0.4		0.3		0.3		-8.6		-8.6		-8.6		-4.4		-4.4		-4.4		-4.4		-4.4		-4.4		-1.4		3.3		5.6		13.6		18.4		18.4		18.4						$   74

														Agency O-EBA Life Cycle Funding Profiles in FY98M$'s

				NASA Funding				FY				99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				Development								43.6		60.1		47.6		16.2		0.0		0.0		0.0		0.0		0.0		19.0		42.1		58.7		46.2		16.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Space								10.3		46.2		50.9		29.7		31.9		1.0		1.0		0.0		0.0		0.0		0.5		36.5		46.1		29.7		31.9		1.0		1.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Ground								0.0		1.9		6.3		4.5		3.2		2.5		2.5		0.0		0.0		0.0		0.0		1.9		6.3		4.5		3.2		2.5		2.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				O&S								0.0		0.0		0.0		10.3		18.4		18.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		10.3		18.4		18.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total								53.9		108.2		104.7		60.8		53.5		21.5		3.5		0.0		0.0		19.0		42.6		97.1		98.6		60.7		53.5		21.5		3.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				NOAA Funding				FY				99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				Development								31.5		43.1		35.0		31.7		8.4		7.9		5.4		4.1		4.0		27.6		38.9		41.5		38.4		28.2		3.5		3.4		3.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Space								0.0		5.4		7.9		7.0		2.6		12.5		3.4		7.1		8.1		1.0		6.9		12.3		7.2		6.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Ground								0.0		0.0		1.0		0.9		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				O&S								2.2		3.1		3.9		3.9		3.8		3.7		3.6		3.6		3.5		3.4		3.3		3.3		3.2		3.1		3.1		3.0		2.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total								33.7		51.7		47.8		43.5		14.9		24.2		12.4		14.7		15.6		32.0		49.1		57.1		48.8		37.5		6.5		6.4		6.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0

														Agency O-EBA Life Cycle Funding Profiles in FY98M$'s

				DOD Funding				FY				99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				Development								52.4		63.6		56.7		46.4		49.6		54.6		40.7		31.4		32.3		31.9		36.1		35.9		30.5		30.5		31.3		39.1		37.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Space								20.1		57.0		83.8		37.3		112.5		101.1		93.6		71.3		48.0		16.7		31.2		165.2		15.4		44.6		14.1		9.1		9.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Ground								11.4		21.0		16.2		3.0		7.3		13.6		15.7		9.4		7.0		11.4		7.6		7.9		0.7		0.7		1.5		2.3		4.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				O&S								21.2		19.5		25.9		24.7		24.5		22.8		23.0		26.9		26.9		26.9		26.9		26.9		26.9		26.5		26.1		25.8		25.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total								105.1		161.2		182.5		111.4		194.0		192.1		173.0		139.0		114.1		86.9		101.8		235.9		73.5		102.4		73.1		76.4		77.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Other Funding				FY				99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				Development								14.7		16.5		17.0		16.7		16.5		16.1		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Space								0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Ground								0.6		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				O&S								2.1		2.0		2.1		1.9		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total								17.3		19.1		19.1		18.6		18.5		18.1		17.8		17.8		17.8		17.8		17.8		17.8		17.8		17.8		17.8		17.8		17.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0

														Total O-EBA Life Cycle Funding Profiles in FY98M$'s

				Total Funding				FY				99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				Development								142.1		183.3		156.3		111.1		74.5		78.6		61.9		51.3		52.0		94.3		132.9		151.9		130.9		90.7		50.6		58.3		56.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Space								30.4		108.6		142.5		74.0		147.0		114.7		97.9		78.4		56.1		17.7		38.6		214.0		68.7		80.5		46.0		10.1		10.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Ground								12.0		23.5		23.4		8.4		10.6		16.1		18.2		9.4		7.0		11.4		7.6		9.8		7.0		5.2		4.7		4.8		7.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				O&S								25.5		24.7		31.9		40.7		48.8		46.6		28.7		32.4		32.4		32.3		32.2		32.2		32.1		42.0		49.6		48.8		30.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total								210.1		340.2		354.1		234.2		280.9		255.9		206.7		171.5		147.4		155.7		211.3		407.9		238.7		218.3		150.9		122.0		104.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0

														O-EBA Life Cycle Funding Profiles in FY98M$'s

				R&D Funding				FY				99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				NASA								43.6		60.1		47.6		16.2		0.0		0.0		0.0		0.0		0.0		19.0		42.1		58.7		46.2		16.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				NOAA								31.5		43.1		35.0		31.7		8.4		7.9		5.4		4.1		4.0		27.6		38.9		41.5		38.4		28.2		3.5		3.4		3.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				DOD								52.4		63.6		56.7		46.4		49.6		54.6		40.7		31.4		32.3		31.9		36.1		35.9		30.5		30.5		31.3		39.1		37.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Other								14.7		16.5		17.0		16.7		16.5		16.1		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total								142.1		183.3		156.3		111.1		74.5		78.6		61.9		51.3		52.0		94.3		132.9		151.9		130.9		90.7		50.6		58.3		56.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Procurement Funding				FY				99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				NASA								10.3		48.1		57.1		34.3		35.1		3.5		3.5		0.0		0.0		0.0		0.5		38.4		52.4		34.2		35.1		3.5		3.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				NOAA								0.0		5.4		8.8		7.9		2.7		12.5		3.4		7.1		8.1		1.0		6.9		12.3		7.2		6.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				DOD								31.5		78.0		99.9		40.3		119.8		114.7		109.3		80.7		54.9		28.1		38.8		173.1		16.1		45.3		15.6		11.4		13.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Other								0.6		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total								42.4		132.2		165.9		82.4		157.6		130.7		116.1		87.8		63.0		29.1		46.2		223.9		75.6		85.7		50.7		14.9		17.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0

														Life Cycle Funding Profiles in FY98M$'s

				O&S Funding				FY				99		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				NASA								0.0		0.0		0.0		10.3		18.4		18.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		10.3		18.4		18.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				NOAA								2.2		3.1		3.9		3.9		3.8		3.7		3.6		3.6		3.5		3.4		3.3		3.3		3.2		3.1		3.1		3.0		2.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				DOD								21.2		19.5		25.9		24.7		24.5		22.8		23.0		26.9		26.9		26.9		26.9		26.9		26.9		26.5		26.1		25.8		25.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Other								2.1		2.0		2.1		1.9		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total								25.5		24.7		31.9		40.7		48.8		46.6		28.7		32.4		32.4		32.3		32.2		32.2		32.1		42.0		49.6		48.8		30.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0

												0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Total FY98M$'s Transition Funding				FY				FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22

				SWx Constraint								210.1		340.2		354.1		234.2		280.9		255.9		206.7		171.5		147.4		155.7		316.3		302.9

				Basic Research								98.5		154.7		151.8		107.4		99.7		67.1		48.3		44.1		44.1		63.1		86.7		141.2		142.7029655207		104.8029655207		97.6029655207		65.6029655207		47.6029655207		44.1029655207		44.1029655207		63.1029655207		86.7029655207		141.2029655207		142.7029655207		104.8029655207		97.6029655207		65.6029655207		47.6029655207

				O-EBA  R&D								54.0		76.7		61.7		48.2		28.3		33.1		17.1		7.2		7.9		31.2		46.7		49.1

				O-EBA Procurement								32.1		84.0		108.8		48.2		122.5		127.2		112.6		87.8		63.0		29.1		45.7		185.5

				O-EBA O&S								25.5		24.7		31.9		30.4		30.3		28.5		28.7		32.4		32.4		32.3		32.2		32.2

				Total O-EBA Transition								210.1		340.2		354.1		234.2		280.9		255.9		206.7		171.5		147.4		155.7		211.3		407.9		142.7		104.8		97.6		65.6		47.6		44.1		44.1		63.1		86.7		141.2		142.7		104.8

				Basic Research

				Arch C R&D																		0.0		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0

				Arch C Procurement																		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.0		0.0		0.1		0.1		0.1		0.1

				Arch C  O&S																		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1

				Total Arch C Transition								0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.1		0.1		0.1		0.2		0.2		0.2		0.1		0.1		0.2		0.1		0.1		0.1		0.2		0.2		0.1		0.2

				DOD SWS

				Cost Drivers								FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22

				Solar Wind System (SWS)								14.2		29.8		79.7		27.9		88.1		83.4		75.5		63.8		7.1		5.9		5.6		135.1		4.4		4.4		4.4		4.4		4.4		4.4		4.4		4.4		134.9		4.4		4.4		4.4

				R&D								0.0		0.0		5.5		0.0		5.5		5.5		0.0		0.0		0.0		0.0		0.0		5.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		5.5		0.0		0.0		0.0

				Procurement								14.2		29.8		69.7		26.4		81.1		77.9		75.5		61.4		4.7		3.5		3.2		127.3		2.0		2.0		2.0		2.0		2.0		2.0		2.0		2.0		127.0		2.0		2.0		2.0

				O&S								0.0		0.0		4.5		1.5		1.5		0.0		0.0		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4		2.4

												FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22

				EBA Without DOD SWS								195.9		310.3		274.4		206.3		192.8		172.5		131.2		107.7		140.4		149.8		205.7		272.7

				EBA  R&D								54.0		76.7		56.2		48.2		22.8		27.6		17.1		7.2		7.9		31.2		46.7		43.6

				EBA Procurement								17.9		54.2		39.0		21.8		41.4		49.3		37.2		26.4		58.3		25.6		42.5		58.2

				EBA O&S								25.5		24.7		27.4		28.9		28.8		28.5		28.7		30.1		30.0		29.9		29.9		29.8

				Basic Research								98.5		154.7		151.8		107.4		99.7		67.1		48.3		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6		44.1		44.1		63.1		86.7		141.2		142.7		104.8

				Arch C R&D								0		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0

				Arch C Procurement								0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.0		0.0		0.1		0.1		0.1		0.1

				Arch C  O&S								0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1

				From OPS_EBA_CST.xls file  SWx Summary Cost Row 39																																238.6534529571		218.2922656975		150.8714084007		122.0245525097		104.6332109864		153.0796324282		104.4207407209		144.7034033754		328.538683218		265.6029821002		235.6603816945		217.8603816945		162.7603816945		144.1103816945		99.5349816945

				O-EBA								210.1		340.2		354.1		234.2		280.9		255.9		206.7		171.5		147.4		155.7		211.3		407.9		238.7		113.5		53.3		56.4		57.0		109.0		60.3		81.6		241.8		124.4		93.0		113.1		65.2		78.5		51.9		2838.1

				Basic Science								98.5		154.7		151.8		107.4		99.7		67.1		48.3		44.1		44.1		63.1		86.7		141.2		142.7029655207		104.8029655207		97.6029655207		65.6029655207		47.6029655207		44.1029655207		44.1029655207		63.1029655207		86.7029655207		141.2029655207		142.7029655207		104.8029655207		97.6029655207		65.6029655207		47.6029655207		1723.3

				OEBA Total								308.6		494.9		505.9		341.7		380.6		323.0		255.0		215.6		191.5		218.8		298.0		549.1		381.4		218.3		150.9		122.0		104.6		153.1		104.4		144.7		328.5		265.6		235.7		217.9		162.8		144.1		99.5		4561.4

				Pasted from  OPS_EBA_CST.xls file  SWx Summary Cost Row 41 thru 49

								PY		FY95		FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22		FY23		FY24		FY25		Total

		Basic Science										98.5		154.7		151.8		107.4		99.7		67.1		48.3		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6		2402.6

				DOD Science						33.7909186906		29.9		30.0		30.0		29.9		29.7		29.4		29.0		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		775.1

				Other Science						10.5596620908		14.7		16.5		17.0		16.7		16.5		16.1		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		428.3

				NASA Science						21.1193241816		53.9		108.2		104.7		60.8		53.5		21.5		3.5		0.0		0.0		19.0		42.6		97.1		98.6		60.7		53.5		21.5		3.5		0.0		0.0		19.0		42.6		97.1		98.6		60.7		53.5		21.5		3.5		1199.2

		R&D								65.469904963		54.0		76.7		61.7		48.2		28.3		33.1		17.1		7.2		7.9		31.2		46.7		49.1		40.6		30.4		6.5		14.2		12.5		14.0		16.8		33.1		55.4		51.6		41.6		33.8		13.6		12.4		8.0		845.6

		Procurement										32.1		84.0		108.8		48.2		122.5		127.2		112.6		87.8		63.0		29.1		45.7		185.5		23.2		51.5		15.6		11.4		13.8		64.3		12.8		17.9		155.7		42.1		20.7		48.6		20.9		35.4		13.2		1593.7

		Ops & Support										25.5		24.7		31.9		30.4		30.3		28.5		28.7		32.4		32.4		32.3		32.2		32.2		32.1		31.7		31.2		30.8		30.7		30.7		30.7		30.7		30.7		30.7		30.7		30.7		30.7		30.7		30.7		824.8

		O-EBA Total										210.1		340.2		354.1		234.2		280.9		255.9		206.7		171.5		147.4		155.7		211.3		407.9		238.7		218.3		150.9		122.0		104.6		153.1		104.4		144.7		328.5		265.6		235.7		217.9		162.8		144.1		99.5		5666.7

												210		550		904		1139		1420		1675		1882		2054		2201		2357		2568		2976		3215		3433		3584		3706		3810		3963		4068		4213		4541		4807		5042		5260		5423		5567		5666.7

				From What if Shift in  OPS_EBA-CST.xls spreadsheet

		O_EBA

								PY		FY95		FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22		FY23		FY24		FY25		Total

		Basic Science										99		155		152		107		100		67		48		44		44		63		87		141		143		105		98		66		48		44		44		63		87		141		143		105		98		66		48		2402.6

		O-EBA R&D, Proc O&S										112		185		202		127		181		189		158		127		103		93		125		267		96		113		53		56		57		109		60		82		242		124		93		113		65		79		52		3264.1

		O-EBA Total								0		210.1		340.2		354.1		234.2		280.9		255.9		206.7		171.5		147.4		155.7		211.3		407.9		238.7		218.3		150.9		122.0		104.6		153.1		104.4		144.7		328.5		265.6		235.7		217.9		162.8		144.1		99.5		5666.7

		O_EBA (with SCINDA, CNOF/S & SWS Systems 6 yr shift to right 99 to 05)

								PY		FY95		FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22		FY23		FY24		FY25		Total

		Basic Science										99		155		152		107		100		67		48		44		44		63		87		141		143		105		98		66		48		44		44		63		87		141		143		105		98		66		48		2402.6

		O-EBA R&D, Proc O&S										83		111		104		92		58		76		85		131		157		109		215		220		190		146		84		66		78		257		57		109		94		104		96		86		63		82		205		3157.6

		Projected Profile								0		181.3		265.6		255.7		199.6		158.2		143.4		133.1		175.2		201.6		172.3		301.8		360.8		332.5		250.7		181.6		131.6		125.7		301.2		101.4		171.7		180.5		245.3		238.4		190.9		160.8		147.1		252.5		5560.2

				Delta from O_EBA								-29		-75		-98		-35		-123		-113		-74		4		54		17		90		-47		94		32		31		10		21		148		-3		27		-148		-20		3		-27		-2		3		153		106

		Architecture C Program Profile

								PY		FY95		FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22		FY23		FY24		FY25		Total

		S&T R&D										99		155		152		107		100		67		48		44		44		63		87		141		143		105		98		66		48		44		44		63		87		141		143		105		98		66		48		2402.6

		AA C										84		111		104		92		58		76		53		53		56		45		54		58		39		36		35		34		34		0		0		0		0		0		0		0		0		0		0		1023.1

		AA C  Total								0		182.1		265.8		255.8		199.6		158.2		143.5		101.2		97.4		100.1		108.6		140.8		199.4		181.3		140.3		132.5		99.9		81.7		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6		3425.7

		Planned										1		0		0		0		0		0		-32		-78		-102		-64		-161		-161		-151		-110		-49		-32		-44		-257		-57		-109		-94		-104		-96		-86		-63		-82		-205		-2134.5



&CSWx Theory & Model Transition Investment

&CPage: &P&RFile: &F Tab: &A



EBA info

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Development

Procurement Space

Procurement Ground

O&S

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Development

Procurement Space

Procurement Ground

O&S

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Development

Procurement Space

Procurement Ground

O&S

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Development

Procurement Ground

O&S

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Development

Procurement Space

Procurement Ground

O&S

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



NASA

NOAA

DOD

Other

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



NASA

NOAA

DOD

Other

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



NASA

NOAA

DOD

Other

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Delta

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0



Basic Research

O-EBA  R&D

O-EBA Procurement

O-EBA O&S

Arch C R&D

Arch C Procurement

Arch C  O&S



		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0



Basic Research

EBA  R&D

EBA Procurement

EBA O&S

Arch C R&D

Arch C Procurement

Arch C  O&S



		



Basic Science

R&D

Procurement

Ops & Support

FY98$M



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Projected Profile

S&T R&D

AA C

FY98$M



																SWX Evolved Baseline Transition to Architecture C

				Total FY98M$'s Transition Funding				FY				FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22		FY23		FY24		FY25

				SWx Constraint								210.1		340.2		354.1		234.2		280.9		255.9		206.7		171.5		147.4		155.7		316.3		302.9

				Basic Research								98.5		154.7		151.8		107.4		99.7		67.1		48.3		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6				2402.6

				DOD Science								29.9		30.0		30.0		29.9		29.7		29.4		29.0		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3		28.3

				Other Science								14.7		16.5		17.0		16.7		16.5		16.1		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8		15.8

				NASA								53.9		108.2		104.7		60.8		53.5		28.5		10.5		33.5		10.5		10.5		3.5		10.5		10.5		3.5		0.0		0.0		0.0

				EBA  R&D								49.8		61.8		52.4		47.7		22.8		22.1		17.1		7.2		7.9		7.5		6.1		5.8		5.9		5.8		5.7		5.5		5.4																								336.5

				EBA Procurement								8.4		24.9		25.9		18.1		9.4		28.3		9.7		18.6		20.5		10.5		20.7		25.1		5.5		3.0		2.9		2.9		2.9																								237.1

				EBA O&S								25.4		24.4		25.7		26.3		26.2		26.0		26.2		27.6		27.5		27.4		27.4		27.3		27.2		26.8		26.3		25.9		25.9																								449.5

				Total EBA								182.1		265.8		255.8		199.6		158.2		143.5		101.2		97.4		100.1		108.6		140.8		199.4		181.3		140.3		132.5		99.9		81.7		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6				3425.7

				Transition								83.6		111.0		104.0		92.1		58.5		76.5		52.9		53.3		56.0		45.4		54.1		58.2		38.6		35.5		34.9		34.2		34.1																								1023.1

				Basic Research

				Arch C R&D																0.2		8.7		66.2		94.4		71.8		70.1		68.1		92.4		100.6		83.6		43.7		16.8		4.7		12.5		40.4		41.2		30.1		58.6		22.3		12.2		3.7		49.9		23.7				1015.7

				Arch C Procurement																0.0		0.0		0.5		0.9		8.2		18.9		47.2		20.3		36.9		47.1		27.7		34.7		122.0		65.4		24.2		21.4		114.9		54.4		62.9		125.9		47.4		84.4		78.4				1043.7

				Arch C  O&S																0.0		0.0		0.0		0.0		0.3		0.3		1.0		63.6		63.8		63.9		62.8		63.1		63.0		63.0		62.7		62.7		64.4		65.4		63.7		63.5		63.1		62.8		19.5				972.8

				Total Arch C								0.0		0.0		0.0		0.0		0.2		8.7		66.8		95.3		80.4		89.3		116.3		176.3		201.3		194.6		134.2		114.6		189.7		140.9		127.3		125.3		209.4		178.3		148.9		201.6		114.2		197.1		121.6				3032.2		6457.9

				Total FY98M$'s Transition Funding				FY				FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22		FY23		FY24		FY25

				Basic Research								98.5		154.7		151.8		107.4		99.7		67.1		48.3		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6		44.1		44.1		63.1		86.7		141.2		142.7		104.8		97.6		65.6		47.6				2402.6

				Transition								83.6		111.0		104.0		92.1		58.5		76.5		52.9		53.3		56.0		45.4		54.1		58.2		38.6		35.5		34.9		34.2		34.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0				1023.1

				Recommended Arch								0.0		0.0		0.0		0.0		0.2		8.7		66.8		95.3		80.4		89.3		116.3		176.3		201.3		194.6		134.2		114.6		189.7		140.9		127.3		125.3		209.4		178.3		148.9		201.6		114.2		197.1		121.6				3032.2		3425.7

												182.1		265.8		255.8		199.6		158.4		152.2		168.0		192.7		180.5		197.9		257.1		375.7		382.6		334.9		266.7		214.5		271.4		185.0		171.4		188.4		296.1		319.5		291.6		306.4		211.8		262.7		169.2				6457.9

				Recommended Investment

								PY		FY95		FY99		FY00		FY01		FY02		FY03		FY04		FY05		FY06		FY07		FY08		FY09		FY10		FY11		FY12		FY13		FY14		FY15		FY16		FY17		FY18		FY19		FY20		FY21		FY22		FY23		FY24		FY25		Total

		SWx Projections										181.3		265.6		255.7		199.6		158.2		143.4		104.4		100.6		131.9		212.2		277.4		282.9		352.9		292.3		239.7		184.4		137.6		159.6		125.1		292.8		175.5		275.3		240.7		187.9		160.5		147.1		102.5		181.3		5387.2

				8 yr shift

												181		447		703		902		1060		1204		1308		1409		1541		1753		2030		2313		2666		2958		3198		3383		3520		3680		3805		4098		4273		4549		4789		4977		5138		5285		5387
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Major Actions Timeline







Recommendation #







1.  Identify and Coordinate agency Input







Develop transition plan







2. 







 







Awareness in CONOPS/exercises







SWx awareness to users







3.  Create requirements documents







Establish periodic review process







Update documents







4. 







 







Consolidate USAF acquisition activities







Pursue NAVY, Marine, Army participation







Develop MOAs and joint programs







5. 







 







Develop program to archive SWx impacts







Develop program to archive SWx data







Provide Climatological studies for system design and planning







6.  Provide SWx through common user communications







Characterize SWx impacts on user systems







Establish and maintain strong interfaces with SPO/designers







7. 







 







 Define CONOPS







Identify resources







Determine program plan







8a.  Coordinate and plan R & D







Perform R & D







Transition R & D







8b.  Review R & D missions for ops applicability







Integrate products from R & D missions into Ops







Document Ops deficiencies







9a.  Determine and document DCS SWx requirements







Pursue CEASE II







Implement policy for SWx sensors for all spacecraft







9b.  Determine and document SWx requirements for DTRA missions







Integrate effects of man-made events into ops
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Action to be started
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