Roadmap for Global Agreement on Standards to Advance the Long Term Sustainability of Space	Comment by robert rovetto: CONTEXT: during the AIAA STM TG1 meeting, the title was mentioned.

INPUT: if mentioning safety, consider also
“Roadmap for Global Agreement on Standards for Spaceflight Safety and Sustainability”

NOTE: I prefer the term ‘astronautical’ to ‘spaceflight’ for a number of a reasons.

RATIONALE: safety is or should be a common thread across nations and across interpretations of STM et al. But to ensure safety into the future, broader systematic considerations come into play.
Analogy: we can make a car safe, but that doesn’t mean that it can go anywhere if traffic is jammed forever. Imagine a world were all cars are perfectly safe and no one gets hurt even when they collide. If they can’t move because they’re constantly boucng off each other or stuck in traffic, that is safe, but it is not sustainable spaceflight. In that sense, we can bridge safety and sustainability. 

Consideration: We can also explicitly specify what we mean by ‘sustainability’
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1. Introduction
The need for international standards and established norms of behavior in space is generally accepted by the space community. In addition to US efforts, the European Union has established a Space Surveillance and Tracking Consortium offering to work in cooperation and competition with the United States.[footnoteRef:1] While the need to develop a common understanding of best practices for space actors has general agreement, the path to achieve agreement on standards of behavior is  less clear.  [1:  European Space Policy Institute] 

	This paper evaluates existing opportunities and provides a  roadmap for the development of international standards  for the purpose of meeting the goal of long term sustainability of space. 

2. Existing Structures 
2.1. COPUOS
Need contribution
2.2. ICAO
The ICAO structure for the development of Standards and Recommended Practices (SARPs) for aviation utilizes a formal structure of expert groups, bringing input from states, industry, and aviation professions. Proposals from expert groups are reviewed by the technical commission and a formal process of consultation with contracting states and international organizations.  It is important to note that the ICAO process does not require consensus and states are able to formally differ from an ICAO standard, however, doing so requires transparency.  ICAO uses this transparency as a mitigation for a lack of consensus. 
The ICAO process of developing SARPs is often, and accurately, criticized for being slow and somewhat inflexible.  This can impede the timely development of necessary processes for accommodating new technologies and new entrants. A closer examination of the ICAO process as it adapted to rapid change provides a view of alternative available processes.  ICAO has the ability to develop guidance material using expert groups, but outside the formal consultation processes.  This provides considerable agility in the development of guidance material on best practices, using the operational expertise of states with the most experience with the subject material.  This allows states with less capacity or experience to adopt the guidelines, knowing it has been through an ICAO process and will form the basis for eventual SARPs. 
The ICAO process for the development of guidance material may provide a model that could be effectively followed using existing international structures for space diplomacy. 

2.3. NextGen-SESAR Coordination	
The FAA in the US and the European Union air navigation service providers each launched major aviation modernization programs.  These are NextGen in the US and SESAR in the EU. These programs included numerous elements that required interoperability and common operating standards.  As these two actors represent the majority of global air traffic operations, the elected bilateral coordination to augment the ICAO process. The approach was an unspoken acknowledgement that the dominate players could create standards that met their needs in the near term and would form the basis for global standards to be adopted later.  This approach reflected not only the volume of traffic handled, but the willingness of the parties to invest considerable resources in developing both standards and technology. 

2.4. Other

3.  Divide the Question 
In developing the roadmap, it is recognized that we need to carefully analyze where international agreement is most needed and will yield the greatest benefit for the space community. Efficient use of expert groups should focus expertise on the components of the sustainable space question to enable specialized participation. 
3.1. Space Situational Awareness
Need contribution 
A fundamental goal of space situational awareness (SSA) is actionable knowledge about the orbital and near space environment. This calls for attaining current and predictive information. With respect to Earth, SSA is understanding derived from studying the near-Earth environment, which includes a number of subjects. 
Although various descriptions of SSA, each from distinct persons or groups, may vary, this goal together with a number of tasks are shared. Tasks (and techniques) for achieving actionable awareness of the current and future situation in orbit include: observation, monitoring, detection, data collection and analysis, data and information dissemination (i.e., communication), and predictions.

3.2. Space Environment Management	Comment by robert rovetto: This can be made more precise since this section is focusing on orbital debris. The term ‘space environment’ (SE) is too broad if we are only speaking about the orbital environment. The SE could include other regions beyond orbital space. If greater precision in the sub-section heading is not desired, then at minimum we should not define SE in that overly broad manner.

RECOMMENDATION: 

Consider: 
 Orbital Space Environment
 Operational Environment
 Exoatmospheric Environment
 …other?

In general, we should be clear on, if not explicitly specify, the intended meaning. Use of the generic word ‘space’ in similar terms is it inherently ambiguous, and often used to mean more specific things when the compound term itself does not reflect that specificity. For example, here we are not talking about the interplanetary environment, or interstellar environment. If we were we would have to take into consideration the interplanetary and stellar medium, more focus on space weather phenomena, etc.
How do we want to describe this concept?

3.2.1. Mitigation
Mitigation is a forward looking strategy to limit the addition of new debris in the space environment, this includes standards to require propulsive collision avoidance capability for mission duration and deorbit and to fix requirements for the deorbit of all hardware at end of mission. 	Comment by robert rovetto: (Minor point) I’m not sure how detailed we want to get, but one way to make this more precise is: distinguish between mitigation and mitigation strategy. 
Mitigation, itself, is more precisely an activity to achieve what is described afterward (i.e. limiting debris formation, etc.). 
Where as a mitigation strategy is that forward-looking strategy to […].

So a sentence may read something like: 
Mitigation is the activity of limiting the addition […] via a mitigation strategy which may include standard to require […]

3.2.2. Remediation 
Remediation is required due to objects abandoned before debris mitigation guidelines were put in place and poor mitigation compliance. Remediation is a reflective approach to clean up the current orbital environment recognizing that there is the ability to identify globally selected objects  that have statistically greatest debris-generating potential to curtail dead-on-dead debris generation. The risk of collision between two pieces of non-maneuverable debris is do we have statistics on the likelihood or what percentage of conjunction alerts are debris-debris vs satellite-debris	Comment by robert rovetto: RECOMMENDATION: either rephrase or explain meaning. The average reader may not understand.	Comment by robert rovetto: It may be helpful to ask some folks. I asked a couple, including Space-Track. If I get a reply, I’ll give an update.

3.3. Prevention 
The prevention of debris creation is the active role often categorized as ‘space traffic management’. Avoiding collisions in space between active satellites or between an active satellite and debris is but one element of a space traffic management regime. 	Comment by robert rovetto: Consider possible additions or rewording. 
Prevention seems to be encompass or be equivalent to mitigation + remediation. 
At least something like: Mit + Rem  Prevention

Preventing debris creation is achieved, in part, by mitigation strategies/measures, e.g., in the design and dev. of spacecraft, passivation activities, etc.; and by remediation activities such as active debris removal operations.

Preventing something, such as debris creation, may also be passive. Some may argue that space craft design mitigation strategies—once implemented—are a passive way to prevent debris creation. Although the activity of designing and developing spacecraft features that mitigate debris formation is an active process, the post-manufacturing state of having that mitigating feature can thereforeafter be considered passive. E.g., if a spacecraft is designed to prevent accidental explosions or . By analogy, in law and in the philosophy of law, causation by absence is a topic that touches on these.	Comment by robert rovetto: Question (for TG1 lexicon task): interesting. If you’re referring to specific publications or descriptions that equate STM with debris prevention, would you mind forwarding some to me?

3.3.1. Collision Avoidance
Collision avoidance standards should provide predictability to other operators in shared orbits.  Operator provided information on intent and planned maneuvers is needed to augment space situational awareness systems. As space becomes more congested, it is necessary to establish common understanding and agreement on right of way or coordinated avoidance maneuvers 

3.3.2. On Orbit Servicing
Need to elaborate
Given that on-orbit servicing involves intentional physical contact between satellites, there are added dimensions to ensuring safety. In general ensuring safety in orbit is concerned with that which may cause damage to a given satellite or that which will generate orbital debris. Example may be the interaction of the environment with the spacecraft itself, the internal processes the spacecraft executes, collision avoidance, etc. For on-orbit servicing, additional safety concerns include those deliberate action the spacecraft makes, e.g., transiting from any parking orbit to the target/client orbit, rendezvous to the client satellite, physical interaction with the client, and separation from the client.	Comment by robert rovetto: My two cents for this part.
	Accordingly, it will be helpful to have some understanding for safety limits for these aspects, e.g., minimum/maximum approach and contact velocity, etc. 
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Description automatically generated]	Comment by robert rovetto: Consideration: I’m wondering if  the Prevention wedge in the diagram is too restrictive; that is, perhaps it encompasses more that what the diagram displays. Perhaps the prevention arrows could encompass mitigation and remediation. Aren’t we preventing debris creation by enacting mitigation techniques? If someone asks, “how do we prevent debris formation?” a reasonable answer is “Well, by engaging in mitigation techniques such as X, Y, Z; and remediation activities such as A,B,C”. In jargon, ‘prevention’ in the diagram may be underdetermined.

Imagine those scenarios where debris creation can is prevented by correcting, say, a spacecraft design feature or flaw, but where the craft does not encounter potential conjunctions. In other words, the goal of orbital debris mitigation and remediation is the prevention of additional debris and . 
Figure 1: How do we want to title this?



4.  Key Questions
4.1. Can existing structures in COPUOS be used to develop guidance material/best practices without requiring consensus?
4.2. If not, are there other international structures available with the capacity and credibility to lead the effort?
4.3. What other questions should we be asking?

5. Consequences of Inaction
What will happen if we do nothing?

6. Steps Forward 

6.1. Near Term 
6.2. Medium Term 
6.3. Long Term 
Need material for this section
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