A Satellite Missions Bureau for the Global Geodetic Observing System (GGOS) –White Paper

Target Audience: GGOS Steering Committee and the GGOS Science Panel.
Premise: GGOS as observing system includes satellite missions. 
The Contents:

· Brief overview of the type of satellite missions contributing to GGOS.

· What does it mean for a satellite mission to be a “component” of the GGOS? (I have problems with this question, I'd prefer a question like 'How are satellite missions contributing to GGOS?')
· The definition and roles of a Space Missions Bureau (SMB).
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Why does GGOS  need Satellite Missions?

(I agree with Mike that we do not have to justify the need for satellite missions and suggest that we start with an introduction explaining why we need a SMB. I suggest to state something like the following:

“In order to meet a wide range of scientific and societal needs, GGOS integrates global, longterm and consistent measurements of the shape, rotation and gravity field of the Earth. These measurements are carried out using both ground-based and spaceborne infrastructure. The satellite mission and other spaceborne infrastructure such as the GNSS are not owned or operated by GGOS. Therefore, there is an inherent need for GGOS to coordinate its needs with those who own and operate the satellite missions, i.e. the space agencies. Likewise, the operators of satellite and space missions depend strongly on GGOS and its products (Zumberge et al., 2008) and therefore, they benefit from an improved coordination with GGOS. This paper discusses a component of the GGOS organization that could provide the communication channels and the coordination between GGOS and the geodetic community on the one side and the space agencies on the other side with the goal to ensure maximum mutual benefits for these two groups. This component, which we denote here as the GGOS Satellite Missions Bureau (SMB) will have specific functions internally for GGOS and externally both for the space agencies, and the broad user community of Earth observations.
Observational requirements for satellite missions are today to a large extent discussed and coordinated by the Committee for Earth Observation Satellites (CEOS). Therefore, the GGOS SMB would have to link to CEOS, preferably backed by an appropriate membership level of GGOS in CEOS. 

Another core infrastructure of GGOS, which is not controlled by the organization GGOS are the GNSS. Here GGOS depends on others to provide the signals needed. In the case of GNSS, we have now the International Commission on GNSS, which is the place to voice GGOS' needs. Currently, this is taken care of by IGS, but this link could also be integrated in the SMB. In particular, the SMB could take the role to bring into the ICG the needs of satellite missions in terms of GNSS, while the requirements and aspects related to positioning and reference frame issues could continue to be represented by IGS.

A large fraction of the global user community of Earth observations is today collectively represented by the Group on Earth Observations (GEO), in particular the GEO User Interface Committee (UIC) and the Communities of Practice (CoP). In order to effectively understand the needs of these users in terms of geodetic observations, the SMB would have to link to the UIC and the CoPs.”)
GGOS is intended to fulfill a range of scientific and societal needs by an integrated, global, consistent and continuous measurement of the shape, rotation and gravity field of the Earth. Due to cost and access constraints, satellite missions are the only effective method of globally monitoring the dynamical state of the entire Earth. Satellite missions also allow unique platform/instrumentation/technique combinations that can provide consistent measurements for geodesy – for example, laser ranging techniques connect the terrestrial observatories to the center of mass of the total Earth system – a connection that is important for consistency across all three pillars of geodesy, and is not available to any geodetic tools except the satellite missions (I do not agree: a dense network of carefully chosen absolute gravity stations would also connect the geometric frame to the CM, although this may require so many stations that in the end it would be more expensive that SLR). In addition, it is easy to illustrate that the terrestrial and space-based observations have mutually complementary strengths that are jointly necessary to meet the requirements of a GGOS.

We will describe this in greater detail for the benefit of a broader audience.

(Do we really need to discuss the observation requirements here? I think, reference to the GGOS2020 chapter is enough. It is clear that GGOS needs satellite missions. What is important, as Roger pointed out, is that the SMB does maintain a very good overview of what user needs there are for GGOS that would require satellite missions.)

Chapter 7 of the GGOS2020 connects the User Requirements to the tasks and products (including latency and accuracy) of GGOS. These are used to derive the Functional and Operational Specifications of the GGOS in the year 2020. We briefly trace here the inheritance from GGOS requirements to space missions.

	Requirement
	Key-Phrases
	Geodetic Space Missions
	Remarks

	ITRF-001-DER
	shape of ice and ocean surfaces
	Altimeter missions
	

	
	gravity field
	Gravity missions
	

	ITRF-002-ORI
	Tie between RFO and CM
	Laser geodetic satellites
	

	ITRF-004-SCA
	accurate to 0.1 ppb and stable to 0.01 ppb/yr
	Laser geodetic satellites
	A verification role??

	GRAV-001-GEOID
	1 mm accuracy (!!)
	Gravity missions
	AT WHAT RESOLUTION???

	GRAV-002-VAR
	time-variable geoid
	Gravity missions
	FREQUENCY???

	ESM-001-SSH
	sea-surface
	Altimeter
	(10-day, 10-km ??)

	ESM-001-GSL
	Sea-level
	Altimeter
	

	ESM-002-CRY
	Mass balance
	Gravity missions
	low-mid res

	ESM-003-WCY
	mass transport
	Gravity missions
	low-mid res

	
	
	
	

	
	
	
	

	GRAVITY/ALTIMETRY MISSIONS POD
	POD
	GNSS MISSIONS
	Require an ITRF-based Network to track them (even if indirectly via GPS)


Implementation (or realization) of GGOS functional specifications, therefore, relies on having a geodetic space-mission component within GGOS.

What does it mean for a Space Mission to be a “Component” of GGOS?

(I think, here we need to go back to the GGOS 2020 document, where we have very clearly worked out that GGOS has two distinct meanings, one being the organization and the other being the observation system. I could easily provide some brief text on this. By now, I think it is unfortunate that we use the same acronym for both, because it causes a lot of confusion. The GNSS, GRACE, Jason-2 all contribute to GGOS as observing system and need to be integrated, even the Quasars do. But GGOS as organization is and will be much less. The organization will have control over the processing, conventions and products, but only to a limited extent over the infrastructure. To me, it is not clear below when we talk about the organization and when about the system. We have discussed this in considerable detail in the GGOS 2020 document, and I suggest to shorten the part below very much. We may also want to include the following figure:
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“Figure: GGOS as an observing system has five major levels of instrumentation and objects that actively perform observations, are passively observed, or both. These levels are:

 Level 1: the terrestrial geodetic infrastructure including the ground networks of in situ instruments

 and space-geodetic tracking stations, as well as the data and analysis centers; 

Level 2: the Low Earth Orbiters (LEO) satellite missions; 

Level 3: the Middle/Geostationary Earth Orbiters (MEO/GEO), that is, the GNSS and the Lageos-type SLR satellites;

 Level 4: the planetary missions and geodetic infrastructure on Moon and planets; Level 5: the extragalactic objects.”

The SMB would mainly focus on Levels 2 and 3. The ground networks and the GNSS are crucial in positioning. 

The organizational component of GGOS envisioned to take care of this level is the Network and Communications Bureau (see Pearlman et al., 2008). Highly accurate orbits for the LEO satellites

 are determined with the help of the

 ground-based infrastructure as well as the GNSS satellites.

 Level 4 is particularly important for the dynamical reference

 frame, and the SMB could take care of Level 4, too. The stable quasars of Level 5 provide the inertial reference frame fixed in space.

 The choice of which quasars are used is a conventional issue and taken care of by the GGOS Bureau for Standards and Conventions (see Drewes et al., 2008).)

To answer this question, we can draw analogy to the other global observing systems, and by examining the structure of well-established IAG geodetic services.

In the case of the geodetic services, we recognize separately the existence of the physical infrastructure, and of the data products. The physical infrastructure is owned and operated by distinct agencies or entities, each subject to its own regulations, constraints or circumstances. The services promote the availability of global data products under common formats and standards, and provide a forum for helping optimize the infrastructure for maximum benefit.

In the same fashion, but at a much larger scale, the existing global observing systems (e.g. GCOS or GOOS) are also user-driven, collaborative observation systems. In addition to their executive/steering elements, each have Sponsoring Organizations. The assets (space or ground, instruments and personnel) of the observing system are owned/funded by either these sponsoring organizations, or by the member nations, or by funding institutions behind the sponsoring organization.

It is unambiguous in both cases (services or systems) that the infrastructure (including satellites) is a “component” of the larger system if the owner or the funding agency states that it is so. 

The Data Products offer the most obvious level of integration of satellite missions into GGOS. There is not much left to be worked out about this except for the actual implementation.

The integration at the level of Infrastructure appears to be a much more complicated process with most of it yet undefined. 

GOOS claims no “space component”. (The reference is to GOOS, not to GGOS) It points to data and products that do indeed depend on space missions, but these are “contributions to GOOS” by participating institutions. GOOS does, however, act as a forum where matters of current and future observing strategy are discussed, and space missions are clearly part of these discussions.

GCOS, on the other hand, claims a more explicit “space component”. The space component of the GCOS is the WMO Global Observing System. This observing system has a Coordination Group of Meteorological Satellites (CGMS), which attempts integration at the Infrastructure level, and has a Global Space-Based Inter-calibration System (GSICS) for integration at the Data Products level. The charter of the CGMS and the description of the GSICS are interesting and offer a guide to similar developments within GGOS.

A key role therefore for the Space Missions Bureau (SMB) within GGOS would be to define the scope of integration of space missions within GGOS. Making an effort to integrate at the Data Products level is clearly mandatory. The integration at the Infrastructure level is more difficult, and will most likely require a mandate from the space agencies, following reaching an agreement on a GGOS proposal. This is the highest-level discussion point for the structure and charter of the SMB.

To help the discussion of this point, it is worthwhile to further elaborate the meaning of the phrase “Integration at the Infrastructure Level”. Within the context of space missions, this means that:

· Sponsoring organizations/agencies agree to follow the GGOS “Monitoring Principles” (a phrase borrowed from GCOS) when designing space missions;

· Sponsoring organizations/agencies attempt to design missions according to an integrated observation strategy of GGOS (i.e. observation priority and quality).

Definition and Roles of a Space Mission Bureau

With regards to the definition, a lot depends on the mandate given to GGOS by its sponsors and by the entities funding the infrastructure. (What do you mean by “definition”? I don't think, this depends on the mandate given to GGOS by its sponsors. GGOS is the observing system of IAG. As such, GGOS has a mission from IAG, as specified in the By-Laws. We won't get more. Based on the GGOS mission, we can define a mission for the SMB and from that derive the tasks of the SMB. I would suggest the following:

The main mission of the SMB would be the link between GGOS and CEOS/GEO with the goals to

(1) facilitate the satellite missions (including access to the observations) that are needed for GGOS (as system);

(2) ensure that the satellite missions have the geodetic support they need.

In order to achieve these goals, the SMB would have to:

(i) maintain a comprehensive overview of space-born observation requirements with respect to Earth's shape, rotation, and gravity field for a wide range of applications. This would require a well-structured and organized interaction of the SMB with the GGOS Science Panel, the GEO User Interface Committees and the Communities of Practice, and also other communities that may depend on geodetic observations;

(ii) monitor the performance of relevant satellite missions and identify gaps in the space-borne component of GGOS;  

(iii) together with the GGOS Science Panel and other experts prepare proposals for satellite missions, and comment on satellite missions proposed by others;

(iv) inform the space agencies and GEO about the requirements of GGOS in terms of satellite missions and provide an efficient communication channel from the GGOS components to the space agencies;

(v) inform the GGOS components (services and working groups) about the geodetic requirements of satellite missions and provide an efficient communication channel for these requirements from the space agencies to the GGOS components;

(vi) together with the GGOS Science Panel and other experts facilitate the development of the concepts required to meet the geodetic requirements of the space agencies.

)  
The roles of the SMB, however are easier. The roles are:

1. SMB is a “keeper of requirements” for space-based measurements.

a. SMB would need experts for analysis of contribution of space-based measurement strategies for meeting overall GGOS requirements.

b. SMB must define the limits of this role: Is this role defined in terms of reference-frame requirements (e.g. consider surface deformations)? Or will they be inherited to requirements on specific measurements (e.g. requirements on knowledge of loading due to snow-cover or ice)? Would SMB go even further and specify the preferred instrumentation (e.g. design the ICESat-II mission)?

c. SMB would not need to define integration at the Data Products level because presumably that would be done by the Standards component of GGOS.

2. SMB is a “pool of expertise” for the integration of space-based measurements into the global reference frame determined from multiple techniques.

a. This is a recruiting and information clearing-house role. The information includes scientific publications as well as mission operations status, and the various national “future” or “strategic” plans, and their role within and impact on the space component of GGOS.

b. Participation by members of individual national space agencies who are expected and authorized to provide in advance information about their respective space missions, would greatly benefit this role.

3. SMB is an “advocate for advancement” of the state of the art of space-based geodesy in order to fulfill the overall GGOS goals.

a. This is an advocacy and outreach role specifically for space missions and spaceborne technology.


