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Presenter Notes
Welcome to my discussion on NOAA’s work on defining the next generation global environmental monitoring constellation.  The top priority of the new constellation is to continue to provide high quality global soundings for numerical weather prediction and future uses.  My co-authors are Vanessa Griffin, the Director of the Office of System Architecture and Advanced Planning within NOAA/NESDIS, and Dave Spencer, our Chief Technologist and all things satellite.  To start, let’s look at our current NOAA space architecture as planned for deployment in 2025.
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Today’s Space Architecture

Planned Architecture, Program of Record (POR) 2025
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Presenter Notes
The current space architecture consists of a number of extraordinarily capable satellites flown by NOAA and partner nations.  Here we show the primary missions of NOAA and our European, Canadian, Japanese, and Korean partners.  Some of these satellites, such as Japan’s Himawari, are located in geostationary orbit to make regional persistent measurements.  Others, such as EUMETSAT’s EPS-SG, fly in low earth orbit and make global measurements.  Most of these satellites are very large, very expensive, and took over a decade to build and launch.  This is a capable architecture -- but it lacks the ability and agility to inject new technology and adapt quickly to new measurement opportunities.
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Orbital 
Diversity

Presenter Notes
Over the past decade, global measurements have been made from three primary orbits: the early morning orbit (provided by NOAA POES and USAF DMSP satellites), the mid morning orbit (provided by EUMETSAT), and the early afternoon orbit (provided by NOAA).  This orbital diversity has allowed for the development of a long term record of observations at “standard” observation times which helps provide a long-term record of some important environmental variables.  However, some of these older NOAA satellites have drifted out of their initial orbits and have spread apart.  The chart shows the current locations of some of the global satellites operated by NOAA and EUMETSAT.  The top of the “clock” is midnight and time progresses counterclockwise around the chart.  NOAA-19 is still located in the early morning orbit, but its predecessors have drifted toward noon with NOAA-18 now located in the early morning orbit and drifting toward noon.  This drift has created a richer dataset that has improved numerical weather prediction.  However, these satellites are ageing and NOAA and EUMETSAT has plans only to replace satellites in their traditional orbit.  For example, JPSS-2 will replace S-NPP in the early afternoon orbit.
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NSOSA Identified Desired Features of NOAA’S 
New Architecture: Prioritizing Disaggregated LEO

Mix of observations with higher mission impact
● Small and medium platforms
● Enhanced imagery and high-latitude coverage
● New & more observations 

More agility
● Disaggregated LEO – smaller building blocks 
● Onramps for new technologies
● Evolving partner observations

New business models
● Data purchases, ride shares, hosted payloads
● Commercial communication & data-relay services
● Instruments of opportunity

Presenter Notes
Even as the new NOAA satellites are being launched, NOAA realized that it needed a plan for the next generation of measurements.  In 2015 NOAA initiated the NOAA Satellite Observing System Architecture study (NSOSA) to determine the most cost effective satellite constellations to meet NOAA’s growing needs to collect data and provide timely and useful products to our users.  One of the primary findings of the study is that NOAA should consider a new way of making global measurements.  Rather than launching a few, expensive satellites into limited orbits, the study suggested that global observations should be disaggregated and prioritized based on the availability requirements of the measurements.  The chart on the left shows a subset of the constellations studied in NSOSA.  The abscissa shows the relative cost of each constellation and the ordinate shows its value.  The dark blue line represents the efficient frontier where the maximum cost-benefit relationship occurs.  Constellations along the axis are the most highly favored.  Circled is an area where costs start to increase faster than value and is an area that may have the best cost-benefit.  All of the constellations at this “knee in the curve” included disaggregated global measurements.Disaggregating measurements would likely result in a mixture of small and medium sized platforms that would likely be significantly less expensive and could possibly be deployed in greater numbers.  This would result in higher mission impact of more and possibly new measurements.  Smaller satellites would allow NOAA to be more agile in being responsive to new user needs and being able to take advantage of new technologies.  Finally, a disaggregated approach would allow NOAA to engage in new business models.  NOAA is already purchasing operational GNSS-RO sounding data that is enhancing NOAA capabilities.  As more commercial capabilities become available, NOAA could focus on specific measurements that may not have a widespread commercial business case.
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Trends Favoring SmallSats
• Intensifying demand for timelier and more accurate extreme 

weather predictions, delivered in faster, user-friendly ways. 
• Increasing value in environmental assessments and projections to 

inform long-term land-use, infrastructure and commercial 
investments.

• Rapid rise in capability of U.S. aerospace industry and strategic 
partners in both launch and remote-sensing.

• An unprecedented pace of innovation in ground systems (artificial 
intelligence, quantum computing and machine-learning) is 
advancing forecast modeling.

Presenter Notes
The NSOSA final report was issued in 2018 and much has evolved in the small satellite industry since that time.  Innovation in nearly all aspects of the small satellite industry has driven costs down, made smaller satellites much more reliable, and allowed for easier access to space.  The rapid growth of ground satellite services has democratized space based environmental data collection.  To be responsive to demands for timelier and more accurate prediction of weather events, including longer term forecasts, NOAA is looking to take advantage of “new space.”  NOAA’s flagship satellites (GOES-R and JPSS) carry instruments that were designed with technology from the early 2000s.  New electronics and sensing technologies will allow for smaller, less expensive instruments that can be flown in greater numbers increasing the quality and quantity of current measurements and possibly adding new types of measurements.  This with advanced data processing will provide users with improved weather forecasts.
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LEO Broad Agency Announcement

NOAA issued a Broad Agency Announcement (BAA) in 2019 seeking 
industry input, focusing on temperature and moisture soundings:
• Industry Concept Studies: 15 studies with nine companies to study sounding 

instruments, missions and spacecraft in LEO
• Instrument Concepts:

• Request concept studies at the NSOSA Target Baseline performance level

• Request concept studies within total range to identify:

• Where low increases in cost could yield higher increases in performance

• Where small relaxations in performance could yield high cost savings

Presenter Notes
To start us off on the new way of doing business for making global measurement, we issued a Broad Agency Announcement 2019 for instrument and mission concept studies.  Based on the disaggregation approach, we focused the BAA only on temperature and moisture soundings.  In the BAA, we wanted to identify instrument technologies and constellation concepts that we could use in a future architecture.  An architecture that would allow us to take advantage of new technologies, continue to prove the current suite of sounding measurements, and possibly add more capabilities.  In the BAA we defined a baseline architecture that was intended to be used as a starting point for the studies to move off of.  NSOSA provided various levels of performance for various measurements from a threshold to target to maximum effective.  These are ranges described NOAA’s preferences for performance that would allow us to understand if there are new technologies where we could either reduce capability at significant cost savings or if there are technologies where we could increase our capabilities for a reasonable cost.  As I mentioned earlier, we looking at the knee in the curve. Where could we have the highest bang for the buck and still produce the needed products?We conducted 15 studies that included specific sounding instruments (IR, MW, and GNSS-RO), mission concepts for flying the sounder mission, and some commercial concepts.  The sounder project is moving forward to more fully define the range and costs of various combinations of capabilities.  NOAA has organized the Sensor performance Assessment Team (SAT) to help answer scientific questions regarding the new architecture.  For example, some of the questions brought to the SAT include whether microwave sounders need to be collocated with infrared sounders (they don’t) and whether adequate soundings can be made operationally using only certain parts of the IR spectrum (they can with caveats).
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Sounder Project Industry Concept Analyses
Priorities in LEO:
● Sounder instruments providing critical data for NWP
● Small to medium instruments that can be built and launched

comparatively quickly allowing for an agile constellation

Industry awards to explore design and capability options:
• Sounding instruments (microwave, infrared, radio occultation)
• New acquisition and observing system concepts:

• Commercial services
• Multi-orbit coverage
• Common satellite bus for flexibility in instruments flown
• Rapid launch cadence
• Demonstration missions
• Risk tolerance and observing system risk management

2020: Initial pre-Phase A 
studies completed

2021: Complete pre-Phase A 
and begin focused industry  
designs and collaborations

Mid-2020s: Demonstration 
Flights

CYGNSS - NASA

Presenter Notes
Let’s look more closely at the sounder mission before moving on to additional global capabilities.  The sounder is the primary instrument for determining global temperature and humidity profiles, which are critical for numerical weather prediction.  As we have discussed, more high quality measurements are better so if we can develop and deploy sounders using new technologies at a lower cost, we should be able to improve overall weather forecasts, particularly of extreme events.Our awards to industry through the BAA process gave us a wealth of information that suggests that pivoting to smaller instruments and satellites is not only feasible, but also something we can start to look at in the near term with the hope of flying a demonstration mission in the next five years.An example of this approach is the NASA Cyclone Global Navigation Satellite System, or CYGNSS. CYGNSS's micro-satellite observatories will receive direct and reflected signals from Global Positioning System (GPS) satellites. The direct signals pinpoint CYGNSS observatory positions, while the reflected signals respond to ocean surface roughness, from which wind speed is retrieved.



8NOAA National Environmental Satellite, Data, and Information Service

Focusing on Products: Five High-Level Requirements
The NESDIS Level Requirements support implementation of NOAA’s mission: 
Science, Service and Stewardship

REQ-001 Data to be collected

REQ-002 Where the data comes from

REQ-003 Timeliness of the data

REQ-004 Data is accurate and we archive it and 
provide stewardship

REQ-005 We do science, research, and 
development

Presenter Notes
NOAA pivoting to a product-centric focus rather than a mission-centric.These requirements not only state what the job of NESDIS is, but they also signal to the community of what we will continue to do.This means that, In NESDIS, we are trying to move from instrument and satellite based requirements to information and product based requirements. This will allow us to better coordinate providing data to our users [this is the “what”] while NESDIS focuses on how to meet the information requirement [this is the “how”].  Consider requirements such as sea surface temperature or total precipitable water where a requirement can be defined from a source-agnostic, product-centric perspective.  NESDIS will then use all relevant data from potentially multiple sources to create those products. �Having this product-centric focus will help us provide for consistent delivery of products, guide budget requests, and implement an overall enterprise product management system.  These requirements guide the implementation for both the satellite programs NESDIS builds and/or the acquisition of data sources.The NESDIS level requirements, supported [and guided by] the NESDIS strategic objectives and the will of Congress, flow down to NESDIS program and project requirements and objectives. These are the NESDIS Level Requirements that provide the framework for NESDIS to carry out it’s portion of the overall NOAA mission.They are intentionally broad and are not expected to change often.REQ-001:  What we do – these are the high level products that we provide to the user communityREQ-002:  Where the data comes fromREQ-003:  Timeliness of the dataREQ-004:  Data is accurate and we archive it and provide stewardshipREQ-005:  We do science, research, and development – we are not static and can adapt to our changing user needs
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NLR REQ-O01: 
NESDIS will provide environmental data, information, products and reports in the 
Foundational, Geophysical and Analytical thematic product areas. 

Presenter Notes
Let’s look at the first requirement in more detail.  This first requirement shows all of the product thematic areas in which NOAA will provide at least one product.We have broken the requirements in to three groupings based on the levels of data processingFoundational – minimal processing – Imagery and raw sensor data such as space weather dataGeophysical – L2 type products – The typical “products” one normally thinks ofAnalytical – More human analysis – Reports and other enhanced analysesThis shows what we will provide in the future – a discipline of continuity. As a requirement – we MUST provide at least on product in each thematic area and category. Some categories have many products, some have few, but they all have at least oneThis requirement does not specify how the measurements for these products are made.  Some of these products can be produced from data in GEO, LEO, other orbits, partnerships, and with commercial data.  NOAA intends to seek out and use all possible data sources to create it’s products.
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Next Steps in LEO: Beyond Soundings
● Initiate Constellation Trade Study 
● Enhance critical sounding data now, replenish later
● Launch satellites more frequently to enhance  global 

observations collected from earth observation satellites, 
beginning in mid-2020s

● Hybrid approach: data from NOAA satellites,  strategic 
partners, and commercial providers

Global Environmental Observations
“Real Time” Imaging
“Non-Real-Time” Imaging
Temperature and Moisture Sounding (IR, 
MW, GNSS-RO)
Ocean Color
Atmospheric Composition
Ocean Surface Vector Winds
Sea Surface Height
Ozone (Profile and Total Column)
Microwave Imagery
3D Winds

Presenter Notes
Beyond sounding for NWP, NOAA has a long list of user needs ranging from imaging to ocean color to microwave imagery.  Out of NSOSA, a list of capabilities and performance parameters was developed as a basis for designing the overall NOAA next generation constellation.  We are modifying that list to focus only on global measurements in order to develop new global measurement constellations.  This constellation trade study will look at ways of making all of the necessary measurements, at least at the threshold level, in the most cost effective manner.  We will use the previous concept studies and new space to develop constellations that will retain the hybrid approach while continuing and enhancing NOAA’s measurement Although 3D wind measurements was the top NSOSA priority for improvement, we decided to use that measurement as an add-on to the constellation trade study to evaluate the agility of favored constellations to add on a critical measurement.
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Joint Venture
• Leveraging capabilities being developed by other federal partners 

and industry to provide high return on funds
• New NOAA/NESDIS Funding Line Item

– Exploit partner data (Data Exploitation)
– Exploit partner technologies (Tech Exploitation)
– Initial Concept Development to operationalize new data & technology

• Evaluates unproven technology/data sources with potential high 
return for missions and operations

• Prioritizes potential projects for funding based on NESDIS enterprise 
needs

Presenter Notes
NOAA is interested in increasing it’s ability to leverage capabilities being developed by other partners thereby increasing and multiplying the value of data already collected by NOAA.  A new funding line has been established that will allow NESDIS to explore and target various technologies and new data sets to understand, and potentially be ready for, new capabilities.  This activity provides a single point of contact with other federal agencies to coordinate partnering on new/unproven technologies that may meet NESDIS wide needs.
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Thank you

Presenter Notes
NESDIS is moving out on defining the next generation of global measurements while the current system is being deployed.  We are looking at new technologies and partner capabilities to multiply the data collection and processing capabilities we already have.  We are starting our new approach with sounding and then looking into the entire suite of global products.  These efforts will allow for NOAA to be more agile and have a stronger, more cost effective data collection capability for the future.Thank you for listening.
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