Appendix A

Crosscutting Solutions Program:  

Integrated Benchmarked Systems

Systems Engineering Project Element Plan

1.0 Purpose and Scope:

The purpose of the Systems Engineering project element is to provide systems engineering support to the evaluation, V&V, and benchmarking activities required by the National Applications.  Systems engineering activities include the evaluation of decision support tool (DST) requirements, identification of NASA measurements and models to serve DST requirements, integration of NASA inputs within DSTs, V&V of NASA observations and predictions within the context of DST performance, and benchmarking the impact to decision-making resulting from NASA contributions.  In addition, the element includes the operation and maintenance of a MODIS ground receiving station.  Through this capability, MODIS data is provided in near real time to partners, and is available for V&V and benchmarking within National Application decision support tools.   Specific systems engineering requirements and activities for this project element are defined through National Applications Program Plans and/or direct interaction with Applications Program Managers or Deputy Program Mangers and the NASA Headquarters Crosscutting Program Manager.     

This plan encompasses fiscal year 2004, and directly supports the following Integrated Budget and Performance Document (IBPD) performance measures:

4ESA1:  Benchmark measurable enhancements to at least 2 national decision support systems using NASA inputs.

4ESA5: Benchmark improvements to at least 2 of the larger national applications – Air Quality and Agriculture.

5ESA2: Benchmark measurable enhancements to at least 2 national decision support systems using NASA results, specifically in the areas of Disaster Management and Air quality. 

5ESA6: Benchmark solutions associated with at least 5 decision support systems that assimilate predictions from Earth system science models developed and maintained by the GISS, GFDL, NCEP, SpoRT, and the JPL Earth Science laboratories.  

5ESA7: National applications: Benchmark enhancements to at least 2 national decision support systems using NASA results, specifically Disaster Management and Air quality. 

5ESA9: Benchmark the use of predictions from 2 NASA Earth system science models (including the GISS 1200 and NCEP weather prediction) for use in national priorities, such as support for the Climate Change Science Program (CCSP) and Climate Change Technology Program (CCTP) and the NOAA National Weather Service.

5ESA10: Benchmark the use of observations and predictions of Earth science research results in 2 scenarios assessment tools, such as tools used by the Department of Transportation (specifically in the Community Multi-scale and Air Quality (CMAQ) Improvement Program tools) and the Department of Energy (Edmunds-Reilly-Barnes integrated scenario assessment tools). 

2.0 Project Goals and Objectives

The goal of this project element is to provide systems engineering support to the evaluation, verification and validation (V&V), and benchmarking of NASA observations and predictions for use in decision support systems and tools for NASA’s National Applications. 

Specific objectives include

· Perform evaluation of several decision support tools to support National Applications 

· Perform V&V assessments and conduct V&V of NASA contributions to decision support tools 

· Perform benchmark assessments of decision support tools utilizing NASA inputs

· Document results.

3.0 Project Team

Project Management

Crosscutting Solutions Program Manager:
Martin Frederick, NASA Headquarters Code YO

IBS Project Manager:



Craig Peterson, NASA Stennis Space Center

Systems Engineering Project Manager:

Vicki Zanoni, NASA Stennis Space Center

NASA Centers

John C. Stennis Space Center 

POC: Vicki Zanoni

Goddard Space Flight Center

POC: Shahid Habib

Marshall Space Flight Center

POC: Tim Miller

Langley Research Center

POC: Greg Stover

Ames Research Center


POC: Steve Hipskind

Jet Propulsion Laboratory

POC: Dave Tralli

Partner organizations
Because the Systems Engineering element provides crosscutting support to all National Applications, the IBS partner organizations include the government agency and academic partners for each Application.  Each National Application Program Plan defines the partners and network involved in carrying out the objectives of the application program.  Some of the National Application partners include the U.S. Department of Agriculture’s (USDA) Foreign Agricultural Service (FAS), the National Oceanic and Atmospheric Administration (NOAA), the Environmental Protection Agency (EPA), and the Federal Emergency Management Agency (FEMA).  In addition, the Systems Engineering partner network includes other organizations that contribute to and benefit from overall systems engineering support activities including the Naval Research Laboratory (NRL).  Through the Earth Science Applications Implementation Working Group (AIWG) the Systems Engineering project element shares processes for project execution and project management, and receives feedback and guidance from other NASA centers. 

4.0 Role and Responsibilities

Stennis Space Center:  Stennis Space Center (SSC) has the primary responsibility for implementation of the Systems Engineering element.  This includes coordination with all National Applications to understand system engineering requirements and performing the evaluation, V&V, and benchmarking activities required of each application. Significant responsibility for implementation of the Agricultural Efficiency, Coastal Management, Disaster Management, and Homeland Security national applications also resides at SSC.  SSC participates and contributes to the earth science Applications Implementation Working Group, comprised of representatives from each of the NASA centers contributing to the earth science applications program.  The SSC civil servant staff relies heavily on the Stennis Technical Support Contractor, Lockheed Martin-Stennis Operation (LMSO).  The SSC civil servant team manages and directs the LMSO team in performing systems engineering tasks and meeting project deliverables.
Goddard Space Flight Center:  Goddard Space Flight Center (GSFC) has significant responsibility for implementation of Invasive Species, Water Management, and Ecological Forecasting National Applications.  GSFC provides critical access to science researchers and modelers required to move NASA research results to operational decision support.  GSFC also provides support to the overall implementation of a common systematic approach for execution of all national applications, as chair of the Earth Science Applications Implementation Working Group.  Other GSFC organizations also engage in mutual collaboration with the implementation of systems engineering activities; i.e. Direct Readout Laboratory, Distributed Active Archive Center, etc.

Langley Research Center: Langley Research Center (LaRC) has significant responsibility for implementation of Air Quality, Energy Forecasting, and Aviation Safety National Applications.  LaRC provides critical access to science researchers and modelers required to move NASA research results to operational decision support.  LaRC also co-chairs (with GSFC) the Earth Science Applications Implementation Working Group.

Marshall Space Flight Center: Marshall Space Flight Center (MSFC) provides critical support to the Public Health National Application and provides access to science researchers and modelers required to move NASA research results to operational decision support.  MSFC contributes to the Earth Science Applications Implementation Working Group, comprised of representatives from each of the NASA Centers contributing to the Earth Science Applications program.
Ames Research Center: Ames Research Center (ARC) has significant responsibility for implementation of the Carbon Management National Application.  ARC also provides access to science researchers and modelers required to move NASA research results to operational decision support.  ARC contributes to the Earth Science Applications Implementation Working Group, comprised of representatives from each of the NASA Centers contributing to the Earth Science Applications program.

Naval Research Lab:  NRL is the corporate research laboratory for the U.S. Navy and Marine Corps and conducts a broad program of scientific research, technology and advanced development. NRL has served the Navy and the nation for nearly 80 years and continues to meet the complex technological challenges of today's world.  NASA and NRL collaborate to conduct research and develop operational DSSs utilizing ESE data sets.

5.0 Implementation Approach:

The science and engineering team at the NASA Stennis Space Center Earth Science Applications (ESA) Directorate is responsible for the implementation of the Systems Engineering project element.  This team includes several NASA civil servants, as well as a team of technical support contractors (TSC).  The technical support contract is awarded through a competitive solicitation released by Stennis Space Center.  The current TSC contractor supporting the systems engineering element, Lockheed Martin-Stennis Operations (LMSO), includes a team of engineers and scientists performing the majority of the tasks within the Systems Engineering project element.  The civil servant staff within ESA also contributes to the accomplishment of tasks by providing both technical and programmatic input and oversight.  The systems engineering team also collaborates with the National Applications project teams and federal partners to successfully implement this project element.

The NASA Earth Science Applications Program collaborates with Federal agencies to enable and extend the application of NASA’s Earth science research results to serve the partners’ management, policy, and decision-making responsibilities.  NASA follows a systematic approach involving three phases – evaluation, validation & verification, and benchmarks – to examine opportunities for application of Earth science observations to support the partners’ decision support tools (Figure 1).  The Program’s desired outcome is for the partner organizations to use project results to enable the use of Earth science products to enhance their operational decision-support capabilities.
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Figure 2. Systems engineering approach (adapted from Bahill and Gissing, 1998).

The evaluation phase of the systems engineering approach involves understanding the baseline operations of the decision support tool (DST), and defining the requirements for, and technical feasibility of, Earth science and remote sensing tools and methods for addressing DST needs.  Technical requirements for inputs and outputs of the DST are identified as well. A strong knowledge of the existing knowledge base of missions, sensors, products, models, etc. is valuable during the evaluation phase. In this regard, systems engineering activities draw heavily on the work performed in the IBS Knowledge Base and Capacity Building project element, which defines the available NASA missions, instruments, measurements, models, and predication that can be integrated within partner decision support tools. The DST mission is researched thoroughly to determine operational requirements, funding profiles, relationships to the National Applications, and relevance of NASA capabilities.  As part of this process, alternate NASA inputs are also investigated to help uncover key drivers and gaps in meeting DST needs and requirements. 

Verification is the process of measuring the actual performance of a system against the designed specifications, or more simply: to assure a system performs, once built and functioning, as it was designed to perform.  In the case of applications, verification of EOS measurements or predications should occur prior to data assimilation.  Validation is a demonstration of the effectiveness of the NASA input against a specific application or within a DST.

The V&V phase of the systems engineering approach includes measuring the performance characteristics of data, information, technologies, and/or methods, and assessment of the ability of these tools to meet the requirements of the DST.  Typically, as part of the V&V phase, to ensure the quality of the output, results are verified by comparison with technical specifications using techniques such as in situ measurements or cross-comparisons with other data sources.  Furthermore, NASA then interacts with the end users to validate if the outcome of the enhanced DSS meets the functional requirements of the DSS owner.

Within the Earth Science Applications Program, the term benchmark has been defined as: A standard by which a product can be measured or judged. Specifically, how the Decision Support System that assimilated NASA measurements compared in its operation, function, and performance to the earlier version. In the case of DST enhancements, a benchmark denotes a widely recognized reference point by which performance of other systems is measured, compared, and evaluated.  Benchmarking of a DST is a process of measuring the performance of the DST according to specified standards and reference points to document its value and to identify areas for improvements.  If a standard reference point does not exist, then benchmarking refers to measuring the performance to establish a standard of reference.  Assessing the performance of an original DST without enhancements (Evaluation Phase) creates the baseline, and then performance of the enhanced DST is assessed and compared with the baseline.

Implementation of the Systems Engineering project element is accomplished by first establishing specific systems engineering requirements for each National Application.  This is done through communication between the Systems Engineering Project Manager and the Program Managers or Deputy Program Managers of the National Applications.  Systems engineering activities are selected and designed to support the goals and deliverables of the National Applications Program Plans and IBPD performance metrics.  Specific tasks are listed below:

5.1 Agricultural Efficiency

· Update and refine USDA FAS Production Estimation and Crop Assessment Division (PECAD) Evaluation Report

· Perform V&V assessment of ongoing funded projects led by the University of Maryland (UMD) and Goddard Space Flight Center

· Support the evaluation of the USDA’s National Agricultural Statistics Service’s decision support environment

· Document and benchmark the use of NASA TOPEX/Poseidon and JASON measurements for reservoir monitoring within USDA FAS PECAD

· Initiate a study of Landsat gap-filler/replacement data to support needs of USDA’s National Agricultural Statistics Service and other USDA users of Landsat. 

5.2 Air Quality

· Provide technical support to the benchmarking of MODIS aerosol observations within EPA’s Air Quality Index (AQI) 

· Provide technical support to the next generation of AQI V&V and benchmarking activities, if required by the AQI team.

· Provide systems engineering support to any follow-on activities resulting from the identification and evaluation of air quality issues and DSTs for future benchmarking.

5.3 Coastal Management

· Provide systems engineering support to in-depth evaluations of the Harmful Algal Bloom (HAB) Bulletin, Coral Reef Early Warning System (CREWS), and the General NOAA Oil Monitoring Environment (GNOME) 

· Support development of a plan to support NOAA’s Coastal National Spatial Data infrastructure (NSDI) priority data layer requirements

· Provide systems engineering support to an evaluation of a TBD coastal decision support tool addressing either sediment transport, hypoxia, marine fisheries, or other pertinent coastal issue

· Provide systems engineering support to a V&V assessment of Earth science results to support at least one coastal decision support tool (e.g. HAB Bulletin, GNOME or CREWS) 

5.4 Disaster Management

· Update and refine the FEMA Hazards U.S. Multi-hazard (HAZUS-MH) decision support tool evaluation report

· Test, deploy, and operate an anemometer capability for the verification and validation of remote sensing derived surface roughness estimates critical to the HAZUS-MH wind module.   

5.5 Energy Forecasting

· Provide systems engineering support to evaluation, V&V, and benchmarking of energy decision support tool

5.6 Homeland Security

· Assist NASA in refining technical requirements related to the geospatial components associated with NASA Earth observing data products and models for the Homeland Security, and advise on the selection of NASA ESE data products for incorporation into Homeland Security decision-support tools 

5.7 Invasive Species

· Provide systems engineering support to the evaluation, V&V, and benchmarking of the National Invasive Species Forecasting System (NISFS)

5.8 Public Health

· Support public health decision support objectives through activities such as requirements analysis, identification of NASA inputs, leveraging of crosscutting  capabilities, serving in technical advisory roles, verification and validation, and benchmarking. 

5.9 Water Management

· Perform an evaluation of Better Assessment Science Integrating point and non-point Sources (BASINS)

· Develop a fiscal year 2005 research plan for BASINS, including plans for NASA data integration, sensitivity analyses, V&V, and benchmarking 

5.10 SSC Ground Receiving Station

· Perform daily readout of MODIS direct broadcast imagery from ESE’s Aqua and Terra spacecraft utilizing the SSC Ground Receiving Station including routine and unplanned system maintenance

· Provide MODIS direct readout imagery to evaluation, V&V, and benchmarking efforts in support of the applications of national priority

· Provide direct readout imagery to the Naval Research Laboratory at SSC for use in DSS research and development utilizing MODIS imagery in support of operational requirements

· Coordinate direct readout activities with the GSFC Direct Readout Laboratory

· Collaborate with the GSFC DAAC for providing access to SSC direct readout imagery to the Earth science community

5.11 Systems engineering coordination, process development, and lessons learned

· Provide overall systems engineering coordination across all National Applications

· Develop and refine systems engineering processes and standards for the evaluation, V&V, and benchmarking of NASA inputs within operational decision support tools

· Define and document lessons learned and in providing systems engineering support to National Applications, and identify technology gaps in integrating NASA inputs within decision support tools. 

· Provide support to the ESA Director and management staff to communicate programmatic activity to internal and external reviews

6.0 FY04 Deliverables

· Updated PECAD Evaluation Report

· PECAD V&V Assessment Report for UMD and GSFC projects

· NASS Evaluation Report

· Reservoir Monitoring Benchmark Report 

· AQI Benchmark Report

· Evaluation Reports for HAB Bulletin, CREWS, and GNOME

· Coastal NSDI Plan 

· Coastal DSS Evaluation 

· V&V Report on Earth science results for one coastal decision support tool

· Operational anemometer system for surface roughness estimation V&V

· Written summary of Public Health activities

· BASINS Evaluation report

· BASINS FY05 research plan

· Daily direct readout of MODIS imagery from Aqua and Terra

· A report documenting FY04 systems engineering activities, process improvements, standards, technology gaps, and lessons learned

· As funds are available, define products and competitively select sources to enable the Earth Science Applications to meet out-year deliverables, including but not limited to IBPD metrics 5ESA 6, 5ESA 6, 5ESA 9, and 5ESA 10.  Areas may also include work related to Integrated Systems Solutions (ISS) and Network Solutions (NS).

7.0 Schedule and Milestones

The following schedule will be followed, to the greatest extent possible, during FY04:

Agricultural Efficiency

· Update and refine USDA FAS Production Estimation and Crop Assessment Division (PECAD) Evaluation Report (October 2003 – March 2004)

· Perform V&V assessment of ongoing funded projects led by the University of Maryland (UMD) and Goddard Space Flight Center (February – September 2004)

· Support the evaluation of the USDA’s National Agricultural Statistics Service’s decision support environment (March - August 2004) 

· Document and benchmark the use of NASA TOPEX/Poseidon and JASON measurements for reservoir monitoring within USDA FAS PECAD (February 2004 – July 2004)

· Initiate a study of Landsat gap-filler/replacement data to support needs of USDA’s National Agricultural Statistics Service and other USDA users of Landsat. (August – September 2004)

Air Quality

· Provide technical support to the benchmarking of MODIS aerosol observations within EPA’s Air Quality Index (AQI) (October – November 2003)

· Provide technical support to the next generation of AQI V&V and benchmarking activities, if required by AQI team (December 2003 – September 2004)

· Provide systems engineering support to any follow-on activities resulting from the identification and evaluation of air quality issues and DSTs for future benchmarking. (May – September 2004)

Coastal Management

· Provide systems engineering support to in-depth evaluations of the Harmful Algal Bloom (HAB) Bulletin, Coral Reef Early Warning System (CREWS), and the General NOAA Oil Monitoring Environment (GNOME) (October 2003 – May 2004)

· Support development of a plan to support NOAA’s Coastal National Spatial Data infrastructure (NSDI) priority data layer requirements (January – May 2004)

· Provide systems engineering support to an evaluation of a TBD coastal decision support tool addressing either sediment transport, hypoxia, marine fisheries, or other pertinent coastal issue (March – September 2004)

· Provide systems engineering support to a V&V assessment of Earth science results to support at least one coastal decision support tool (e.g., HAB Bulletin, GNOME, or CREWS) (June – September 2004) 

Disaster Management

· Update and refine the FEMA Hazards U.S. Multi-hazard (HAZUS-MH) decision support tool evaluation report (October 2003 – June 2004)

· Test, deploy, and operate an anemometer capability for the verification and validation of remote sensing derived surface roughness estimates critical to the HAZUS-MH wind module. (October 2003 – September 2004)  

Homeland Security

· Assist NASA in refining technical requirements related to the geospatial components associated with NASA Earth observing data products and models for the Homeland Security, and advise on the selection of NASA ESE data products for incorporation into Homeland Security decision-support tools (April – September 2004)

Invasive Species

· Provide systems engineering support to the evaluation, V&V, and benchmarking of the National Invasive Species Forecasting System (NISFS) (May – September 2004)

Public Health

· Support public health decision support objectives through activities such as requirements analysis, identification of NASA inputs, leveraging of crosscutting  capabilities, serving in technical advisory roles, verification and validation, and benchmarking.   (October 2003 – September 2004)

Water Management

· Perform an evaluation of Better Assessment Science Integrating point and non-point Sources (BASINS) (April - July 2004)

· Develop a fiscal year 2005 research plan for BASINS, including plans for NASA data integration, sensitivity analyses, V&V, and benchmarking (August – September 2004) 

SSC Ground Receiving Station

· Daily direct readout of MODIS imagery from Aqua and Terra (October 2003 – September 2004)

· Conduct Six-Sigma review of SSC Ground Station requirements and operations (June 2004)

Systems engineering coordination, process development, and lessons learned
· Provide overall systems engineering coordination across all National Applications (October 2003 – September 2004) 

· Develop and refine systems engineering processes for the evaluation, V&V, and benchmarking of NASA inputs within operational decision support tools and define standards for systems engineering documentation (May – July 2004)

· Define and document lessons learned in providing systems engineering support to National Applications (July – September 2004)

8.0 Budget

The Systems Engineering project element FY04 budget and spend plan are shown in Table 1 and Figure 2, respectively.  Additional resource contributions for National Application projects and in-kind contributions from federal agency partners are described in National Applications program plans and project plans.

Table 1: Systems Engineering FY04 Budget


FY04 Budget 

ACTIVITY
Procurement ($K) NASA SSC TSC


NASA SSC Civil Servant FTE

Ag Efficiency
410
0.85

Air Quality
115
0.5

Coastal Management
325
0.5

Disaster Management
100
0.45

Energy Forecasting
100
0.1

Homeland Security
100
0.35

Invasive Species
200
0.2

Public Health
200
0.8

Water Management
150
0.6

SE Coordination
100
1.25

MODIS Ground Station
250
0.25

SYSTEMS ENGINEERING TOTAL
2050
5.85
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Figure 2: Systems Engineering FY04 Spend Plan

9.0 Performance Measures

Systems Engineering project element performance will be assessed using several methods.

1. Direct and frequent interaction between the Systems Engineering Project Manager and National Applications Project and Deputy Project Managers to define requirements, negotiate resources, and review progress.

2. Technical team meetings or teleconferences, of at least one per month but likely more frequently, between the NASA project team and technical contractor project staff to assess project task status.   

3. Weekly activity reports provided by contractor staff to NASA SSC.

4. Weekly activity reports provided by NASA Stennis Space Center to NASA Headquarters Code Y.

5. Participation in weekly NASA Code YO staff teleconferences

6. Program reviews conducted every other month at NASA Stennis Space Center.

7. Direct interaction with Federal partners and customers to define requirements and communicate progress.

8.   Partner and customer review of project results and reports developed by project team.


10. Management Signatures 

Vicki Zanoni

Systems Engineering Project Manager

NASA Earth Science Applications Directorate

NASA John C. Stennis Space Center, Mississippi

Date

