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Maui Economic Development Board (MEDB), in partnership with
the Space Foundation and Analytical Graphics Inc., presented the
2" Annual AMOS SSA Policy Forum on September 10, 2013,
preceding the 14™ Annual Advanced Maui Optical and Space
Surveillance Conference (AMOS) with the purpose of connecting
policy and technical Space Situational Awareness (SSA)
stakeholders. Bringing together the developers and implementers
of SSA capabilities and the architects of SSA policy serves the
purpose of providing a forum to interact at a time when the
challenges of Department of Defense (DoD) budget constraints
limit these options.

CONTENTS

SUMMAIY i e e s 2
Session Highlights ......ccccvviiiiiiniii e 3
FOrum Keynote ... 4

Session |. US Space Policy: SSA Current State of Affairs.... 6
Session Il. International SSA and Collaboration................ 9

Session Ill. Commercial and Civil SSA......cccovvvvveiviiieeennnn. 15

1 | AMOS SSA Policy Forum (September 2013)



SUMMARY

The one-day policy forum provided unique perspectives from keynote speakers, moderators and panelists drawn from
leadership roles with civil, commercial, military, government, and international entities and organizations dedicated to SSA

and the safety and security of space operations and the space environment.

The SSA Forum held in conjunction with the AMOS Conference and attended by 192 conferees succeeded in establishing a
multi-stakeholder dialogue among a diverse group that included those responsible for setting and implementing space
policy, funding SSA programs, implementing SSA, and delivering SSA capabilities to operational and end-user entities. These
individuals and organizations represented provided lively exchanges with the audience and each other and presented

multiple points of view. Throughout the proceedings, a positive consensus emerged.

The continued success of this Forum presented by the Maui Economic Development Board further reinforced the prospect
of strengthening and expanding the link between the SSA Policy Forum and the AMOS Conference into the future.
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The opening session explored the status of US space policy implementation and reviewed the current scope and nature of
SSA data, US and international efforts in data sharing, and the development of SSA data fusion as a technical strategy. US
space policy has most recently been articulated in policy documents that reiterate principles that are foundational to
national and economic security, including the peaceful use of space and right of passage, space sustainability, and stability.
US SSA policy seeks to expand international cooperation and collaboration with commercial entities in the ever-changing
space environment.

Among the consequent issues discussed in this session were increasing interaction with nontraditional space-faring
partners, the future of SSA architecture, policies and procedures for the removal of space debris, data standards, and the
impact of Federal sequestration. The session panelists also discussed practical ways in which AMOS Conference participants
could increase support for SSA through interaction with government agencies. Attendees were encouraged to share policy
ideas with policy makers, including the session presenters, and to let them know where perceived shortcomings and
challenges lie.

Session Il. International SSA and Collaboration

The second session of the Forum, divided into two sequential parts with separate panels, focused on current efforts and
priorities for international cooperation to enhance SSA activities and capabilities, particularly with European and Asia-
Pacific allies. The US acknowledges that geographical, logistical, and budgetary constraints mean that SSA cannot, and
should not, be exclusively conducted and implemented by a single nation, and that collaboration with foreign partners and
private sector interests at home and overseas is essential for improving and expanding SSA capabilities. Bilateral and
multilateral efforts and agreements are central to such collaboration, with transparency and Trust and Confidence Building
Measures (TCBMs) central to fostering long-term sustainability and security.

Contributions from representatives of the US, Canada, Australia, Japan, Germany, France and the UK described current SSA
initiatives and examples of collaboration that allow a more effective capability through network integration. In general, SSA
capability is expanding, presenting challenges of SSA data cooperation within national government departments and
agencies, entities in the same country, and in the case of European allies, between member states. The nexus of
commercial and government SSA data access and sharing also raises challenges for many space-faring nations. A consensus
as expressed by panelists that international SSA collaboration was fundamental to increasing this global need.

Session llIl. Commercial and Civil SSA

The final session explored the role of civil and commercial operators and how policy and technology developments could
increase opportunities for their broader contribution to SSA, and how their role may evolve in the future. The extent to
which SSA should remain in the military domain was discussed, since commercial entities generate substantial SSA data and
there is an absence of government regulation or control over how commercial businesses operate in space. Commercial
entities are generally more agile, creative, and responsive than government agencies, particularly when it comes to
anticipating and responding to future needs.



A consensus of the panel discussion was that commercial, civil, military and other governmental agencies and interests

should work together to in a multi-national and multilateral context to improve and expand SSA efforts. The private sector

will innovate new business models and benefit from government-led and government-funded research and development

(R&D). The expectation was expressed that commercial and civil entities will increasingly gain SSA capability so that future

cooperative ventures are likely needed outcomes. Likewise, certain SSA functions are likely to develop commercial

implications, replicating the development of Global Positioning System (GPS), weather forecasting, and a wide variety of

services.

Dr. Wanda Austin, President and CEO, The Aerospace Corporation

Following a welcome by Jeanne Skog, President and CEO of the

Maui Economic Development Board, and Elliot Pulham, CEO of the
Space Foundation, the Policy Forum co-hosts, Keynote Speaker Dr.
Wanda Austin prefaced her remarks by reminding attendees of the

value of space situational awareness (SSA), the commitment to
excellence of all involved in this mission area, and the current
critical juncture for future policy and planning. In remarking that
the way of life for all and national priorities depend on SSA,

stability in space, and the preservation of the space environment, Wanda Austin (The Aerospace Corporation)

Dr. Austin focused on three issues:

The value of SSA. Conference attendees and others, including some policy makers, understand our dependence on
space and the importance of SSA, but the general public has less awareness. SSA professionals understand the
vulnerability of our space environment and the need for improved SSA and the importance of knowing what space
objects are, where they are, their status, and whether that status is changing. Not everyone understands the
problem like those directly involved do, or agree with the need for resources to address the problems, especially
when compared to other national needs, or when examined from the perspective of other nations, or the
perspective of other commercial interests. Space is now the domain of many nations and with the rising number of
assets in space, it is inevitable that space debris is also increasing rapidly and will continue to do so. Protecting
assets is becoming increasingly complex and avoiding collisions more difficult. A major challenge is increasing
awareness of the benefits of SSA and the effects of not providing better SSA; an important solution is to increase
awareness among non-experts about our everyday reliance on space, whether smartphones, GPS, or weather
information, as well as the profound effect on our warfighters. This awareness is the key to sustaining space policy
that values SSA capabilities.

Ensuring SSA actions are consistent with policy intentions. This involves acting responsibly in space and with
transparency to improve awareness and includes establishing global relationships, developing tools and
techniques, and architecting future systems that contribute positively to operating safely in space. In turn, this
represents a major technical challenge that relates directly to policies that can be implemented. As a community,
we need to convey that new thinking and innovation in SSA are possible, leading to affordable and effective
solutions and to effective policies for responding to problems. The technical and policy challenges are linked
because our space system operates in an international domain in which there are both commercial and national
interests. This requires a wide spectrum of options in dealing with debris or interference. Future conflicts are likely



to involve cyberspace and space interactions, affecting commercial partners in addition to the military. Effective
space policy needs to be based on a solid technological foundation that provides actionable information.
Improving our ability to understand the space environment. Once achieved, appropriate actions can be taken to
preserve the space environment by providing information about innovative ideas and approaches and being
proactive in preventing problems rather than reactive. SSA system design involves budgetary and political
constraints. Developing architecture requires collaboration on subtle technical issues, and collaboration involves
US federal departments, international agencies, foreign interests, and commercial companies. We need a vision for
integrated capabilities, strong leadership, and an innovative approach. We are already sharing data, repurposing
equipment, and improving system resiliency. Where cooperation can be achieved, there is value in demonstrating
that problems cannot be solved by ourselves or only for ourselves.

In conclusion, if we can understand how the SSA system works, there will be a dual benefit of concentrating
available resources to best effect and provide the tools to let those in the policy arena communicate what cannot
be done in SSA and what the effects might be. A clear and effective policy on how to handle data of various levels
of uncertainty is crucial. Once people learn how far away we are from our SSA objectives and how technically
challenging they are, they will understand the need to ensure our SSA capabilities are the best they can be.



The goal of the session was to explore the status of US space policy implementation from a Department of Defense
perspective, as well as across the executive and legislative branches of government.

The session Keynote Speaker (and panelist) was Douglas Loverro, Deputy Assistant Secretary for Defense for Space Policy,
US Office of the Under Secretary of Defense.

In setting the context, Mr. Loverro gave a recent timeline for US space policy. In 2010, a new US national space policy
document was issued that gives an insightful look into actions necessary to ensure that US keeps its lead in space. The
following year, the National Security Space Strategy document was issued that provides a clear-minded approach to issues
faced and SSA implementation. Yet, there has been a lag in the implementation of SSA policy.

Mr. Loverro framed his presentation on this policy lag by defining three areas of discussion: SSA data; SSA data sharing;
and SSA data fusion, and offered a Department of Defense perspective. In terms of SSA data, Mr. Loverro prefaced his
remarks by identifying the “three c’s” of the problems in space relating to policy: Contested; competitive; and congested.
Congestion is one of the biggest issues in SSA, especially in lower orbits, with a total of approx. 22,000 objects that are
tracked routinely; the total number of objects large enough to track is probably around 38,000. This compares with fewer
than 10,000 objects in the year 2000, representing the total of 40 years of space programs. Several events led to this
dramatic increase in tracked objects, such as the debris caused by a Chinese missile test destroying one of its satellites, the
collision of the Cosmos and Iridium satellites, and improved radar instrumentation.

In terms collecting SSA data, one question often asked is why the DoD turned off the AFSS (Air Force Space Surveillance), or
“space fence” that dates back to 1961. The reasons were both budgetary and related to limitations of information available
for each object due to increasing obsolescence. The new space fence being developed, using tailor-made sensors, is being
delayed for budgetary reasons. When operational, it will automatically track objects and have the ability to track low-orbit
objects as small as 5 centimeters in diameter or even less; there are more of these small and potentially damaging objects
than any other kind. It is estimated that there are up to 600,000 objects in space measuring % millimeter to 3 or 4
centimeters, and any impact with a satellite spells trouble. No cost-effective system, or the new space fence, can track all
these smaller objects, and there is necessarily a fundamental difference in how we treat the smaller objects and those that
are 10 centimeters or larger, for example. Tracking the larger debris will prevent the creation of yet further space debris
resulting from satellite impacts. The new space fence will be the single most important contributor to enhanced
understanding of the space environment in low-earth orbit and prevention of further debris. Using one or two tracking
locations is insufficient, and the US cannot afford to undertake the task alone, so partnerships with countries such as
Australia, to help track the Southern Hemisphere, will be necessary to defray effort and cost.

SSA data sharing provides a team approach, rather than an exclusively US activity; to date it has been more “data giving” by
the US. As other nations and industry partners develop space sensors, US policy is to include them in a collaborative process
to monitor the 73 trillion cubic miles of space. For example, US Strategic Command (STRATCOM) has signed about 35
agreements with industry partners who can share information on where their objects are and when they are having any
anomalies, enabling a “weeding through” of unknowns in space objects. Agreements are also being signed with other
nations. Already, Australia and Japan have both signed SSA data sharing agreements with the US in 2013 — other
agreements have recently been signed or are on the way —and when combined with the proposed new space fence, such
global partnerships will give the type of responsive, timely, and complete information we need on the space environment.

However, not all this data and information may be usable. SSA data fusion is the third component and one of the biggest
data fusion efforts undertaken by the DoD. It is very hard to access and sort the data before analyzing it, so data fusion is a
key strategy of the DoD vision in this area. The main thrust behind technical improvements relates to the JSpOC Mission
System (JMS). This is a critical component of everything being done for SSA. JMS has already delivered ‘Increment 1’ of its
capability and on track to deliver ‘Increment 2’ within 3 or 4 years. Beyond that, more Increments will be defined. JMS is the



modern architecture and foundation that can analyze and correlate information that can then be understood and acted
upon in order to mitigate SSA problems such as debris and collision. Because of its open architecture, individuals such as
those attending this conference can build applications; there is so much more that can be done with the data.

The Panel discussion that followed on national
policy and space implications featured moderator
Peter Marquez (Global Engagement, Planetary
Resources, Inc., and architect of the 2010 US Space
Policy document), Frank Rose (US State
Department), and session keynote speaker
Douglas Loverro.

Peter Marquez introduced a Q&A session by
commenting that the 2010 space policy document
identified and focused upon several main
principles requiring SSA capability:

e Sustainability;

e Stability;

*  Peaceful use of space to include the use of national security capabilities;

* Right of passage in space without interference;

(L-R) Peter Marquez (Planetary Resources, Inc.), Frank Rose (US State
Department), and Douglas Loverro (US Office of the Under Secretary of Defense)

¢ Deterrence of hostile actions in space;
* Development of a robust commercial space sector.

Specifically, from these principles, three goals of the eight identified in the report are enabled by SSA:
* To expand international cooperation and collaboration with commercial and foreign entities;
* Toincrease mission resilience;
* To strengthen stability.

These principles and goals reflect the fact that SSA is foundational to US national and economic security. In addition,
without SSA, there is no deterrent capability. Without knowledge of actions of adversaries, there can be no potential
advanced actions to minimize consequences.

Frank Rose commented that US national space policy “hits all the right notes” given the changing space environment. This
environment has been constantly changing over the last 50 years since the dawn of the Space Age, presenting challenges
that cannot be solved by one nation alone. International cooperation is essential to meet these challenges, especially in
SSA. The US may have the best SSA system in the world, but it cannot track everything on its own, and more needs to be
done to further collaboration.

Doug Loverro added that there is an economic aspect to SSA. A parallel is the development of the Federal Aviation
Authority (FAA), which was originally established to support the safety of commercial traffic following an airplane crash
over the Grand Canyon in 1956. The same holds today for space, where in addition to 60-plus nations, even universities are
flying spacecraft. The development of the private space sector and its space missions equally require SSA to ensure safety.

Highlights of the Panel Q&A session were as follows:

*  Working on data fusion with non-traditional space powers with whom the US has no established relationship is a
challenge; outreach to increase interaction is a key element in recent national space policy. New relationships
must be forged with emerging nations and formalizing initial, developing SSA relationships is on STRATCOM'’s
planning agenda. It is noteworthy that not all nations are friendly to the US and its allies, but they share mutual
vested economic interests (such as international shipping and air traffic) and a motivation to share data.



The future shape of SSA and space-based SSA architecture was discussed. The commercial sector is aware of the
risks of collision and is developing its own SSA. A critical issue remains one of data fusion, and how SSA data can be
made reliable and trustworthy.

On the subject of policies and procedures for verifying and mitigating effects of space debris, the US has a
comprehensive approach for unilateral policy through JSpOC to provide emergency notifications as well as bilateral
agreements with nations and commercial interests for SSA sharing and integrating partner data. The US is also
making a number of multilateral efforts with other nations to gather better information. A working group of the
UN Committee on the Peaceful Uses of Outer Space is working on guidelines to help lead to the long-term
sustainability of the space environment.

Several initiatives regarding current national and international data standards for implementing sharing and data
fusion are underway — a key aspect of the JMS program. There is a need to improve data verification and refine
standards.

While recognizing that SSA is essential for preventing space object collisions, the extent to which debris removal
deserves more attention was discussed. The US national space policy document defined debris minimization and
removal as a top priority and as an implementation issue. There are a number of political, legal, technical and
security issues connected to debris removal. It is important to avoid distrust regarding debris removal; any type of
activity must be open and transparent, and international cooperation in this area is crucial. Most large objects can
be tracked and collision assessment made, but as more objects are placed in space, priorities are to avoid creating
new debris and to reduce the amount of existing larger debris.

Panelists also discussed practical steps AMOS participants can take to increase support for SSA in the US
government. The panel encouraged attendees to discuss the importance of SSA capabilities to the natural and
manmade space environment — and its constantly changing nature — with Government personnel and elected
officials. Sometimes, however, this “big picture” is secondary to budgetary issues, especially in an era of
sequestration. The long-term sustainability of the space environment affects national security and economic
issues, with serious consequences if it is overlooked.

In terms of the most helpful actions AMOS attendees can take to contribute to achieving SSA objectives, they were
encouraged to continue to share policy ideas with the policy makers, and let them know if they’re getting it wrong.
AMOS panelists and attendees know how critical space is to everyone’s daily life, whether it enables cell phones,
credit cards, TV and communications, or weather forecasting, but the SSA community is less adept at articulating
this to the public, including senior officials, and how SSA fits into the larger picture.



SESSION Il A. International SSA and Collaboration

Session Keynote

The goal of the session, introduced by Eric Stallmer (Analytical Graphics, Inc.), was to discuss the current efforts and
priorities for international space cooperation to enhance SSA activities and particularly collaboration within the Asia-Pacific
and European regions.

The session keynote speaker was Frank Rose, Deputy Assistant Secretary of State for Space and Defense Policy, US
Department of State.

Mr. Rose began by underscoring the increased congestion space environment and the growing concern of policy makers
around the world. It is important to put this concern and the issue of collaboration on their agenda. Real progress has been
made; for example, in 2012, Secretary of State Clinton provided a statement on space security, the first time in a long while
this issue has been articulated at this senior level. SSA enables the characterization of the space environment and the
prediction of space object orbits. The US currently tracks tens of thousands of objects 10 centimeters or larger; only 1,100
objects are operative satellites — the remaining objects are obsolete satellites, spent rockets, and debris.

No single nation has the resources or ability to precisely track every space object, so international cooperation on SSA is
essential. The President’s 2010 National Space Policy implicitly recognizes this fact and directs collaboration with foreign
partners, the private sector and inter-governmental organizations to improve the US SSA capability. Specifically that policy
directs us to improve our shared ability to rapidly detect warn of, characterize, and attribute natural and manmade
disturbances to space systems. Having accurate and timely information is critical for a number of reasons: To the National
Aeronautics and Space Administration (NASA), our space station partners, and to ensure human space flight safety. It is
critical also to US national security as well as global security if such disturbances are contrary to responsible and peaceful
uses of space. In addition, the global economy increasingly depends on maintaining GPS capability, weather forecasting,
and telecommunications.

The US is taking action in a variety of ways to implement national space policy and enhance SSA capabilities through
international cooperation. The US continues to provide notification to other governments and commercial satellite
operators to share information on potentially hazardous conjunctions between orbiting objects. To do so, the US is
collaborating with other spacefaring nations to establish two-way information exchanges and to facilitate rapid notification
of space hazards. In 2009, for example, through diplomatic channels, the US advised Russia of a possible collision between a
commercial Iridium satellite and an inoperable Russian satellite. It is most important that the information is accurate, and
as a result the Department of State is working closely with Strategic Command and JSpOC to develop current contact
information for both private and government satellite owners and operators.

The goal is to improve our space situational capability so that satellite operators are informed earlier and with greater
accuracy to prevent collisions in space. To this end, the US is working with other space-faring nations to develop guidelines
and procedures to enhance space flight safety. The US is also working with the commercial space sector to determine the
type of satellite tracking and status data that can be shared.

Across the US government, the Department of State is also supporting multilateral and bilateral collaborative efforts on
SSA; for example, in 2013, the US reached agreement on SSA with Australia, Japan, and Korea. Recent agreements were
also concluded with Canada and France, and the DoD is also involved in ongoing efforts to cooperate with other
international commercial partners for safe and responsible space operations. On a multilateral front, the US is collaborating
with partners and allies in Europe as they continue to develop their own space situational capabilities. The US is currently
engaged in technical exchanges with experts from the European Union (EU), the European Space Agency, and member
states. A UN draft code on debris mitigation and a 2014 conference in Vienna to discuss collaboration in SSA for space flight
safety are further examples of initiatives that will contribute towards greater sustainability, stability, and security of the
space environment.



Looking ahead, the US seeks opportunities for cooperation in SSA with many other nations and non-governmental space
operators around the globe. Transparency and Confidence-building Measures (TCBMs) — “the best story never told” — have
the potential for enhancing SSA by increasing knowledge of activity occurring in the space environment. TCBM are a means
by which the government can address challenges and reduce tensions. They can prevent mistrust and miscalculations and
enhance space flight safety. For example, the US has joined with the EU to develop and international Code of Conduct on
outer space activities to help maintain long-term sustainability of the space environment. The code is aimed, for example,
at limiting and mitigating present and potential space debris. The development of this code is an effective, pragmatic, and
timely initiative and it forms a useful foundation for a truly international code of conduct.

In responding to session questions, Mr. Rose made a number of points:
* The peaceful use of space and maintaining the stability of the space environment represents the baseline of US

national space policy.

* Budgetary sequestration is likely to have some impact on SSA capabilities, although these can be minimized. In the
future, a better long-term budget approach is required.

* Aninternational code of conduct is essential for international cooperation on debris mitigation and removal. Work
has begun, and much remains to be done. Such a code must be transparent, bilateral, and multilateral. Much
works needs to be done.

e Regarding TCBMs, transparency is key to maintaining long-term sustainability and security. At the same time, the
US Secretary of State has emphasized that the US will protect its sensitive space assets.

Panel Discussion

The Panel discussion that followed on SSA
collaboration featured moderator Col. Mark
Vidmar, US Air Force (retired) and STRATCOM
(legislative affairs), and panelists Lt. Col. Elle
Agnew, Royal Canadian Air Force, Gp. Capt.
Colin Thomson, Australia Royal Air Force, and
Richard Tremayne-Smith, Consultant, UK.

Col. Vidmar introduced the discussion on (L-R) Col (R) Mark Vidmar (Scitor Corporation), Lt Col Elle Agnew (Royal Canadian Air
Force), Gp Capt Colin Thomson (Australia Royal Air Force), and Richard Tremayne-

international SSA cooperation by reminding
Smith (Consultant, UK)

the conference that budget constraints and
reductions in real terms determine that the US cannot conduct SSA alone anymore. US policy, as described in the previous
sessions, is very much on track to achieve stated goals, but the key is policy implementation. SPADOC (Space Defense
Operations Center) and similar programs have been a disappointment; SSA and space control have been too co-mingled. In
terms of defense acquisition, there is a need to rethink SSA and separate SSA from what needs to be done in military space.
In addition to encouraging policymakers to enhance SSA budgets, those conference attendees involved in SSA should seek

to influence authorizations so that policies can be implemented.

L Col Agnew remarked that Canada has a long history in space, and that strategically it is the second largest land mass in the
world and borders three oceans. Its unique challenge is that Canada’s population is comparatively small and dispersed;
increasing dependence on space capability is essential to its defense capability and promotion of its national interests.
Among government programs are communications and weather satellites, search and rescue repeaters, and the Canadian
Space Agency’s radar satellites in support of the country’s military services. Since 2011, Canada has a Director General of
Space and has developed a Canadian Air Force space team, working together with the space agency. This team is expected

to double in size over the coming years.



Canada has cooperated closely with the US since the beginning of space flight and with its allies on SSA. Its space flight
trackers dedicated to the safety of the space environment are part of the NORAD network. Canada’s commitment to SSA
and the safe and unhindered access to space to all continue through its ground-based sites, the development of the
Sapphire satellite and sensor systems such as Bluestone. A focus of Canadian efforts is the protection of space and Canada
supports SSA collaboration as a means of mitigation. Although it is widely assumed that GPS and worldwide
communications are ever-present, space is increasingly congested and conflicted, with a lack of norms and regulation.
There is a need to build policy and relationships with like-minded nations to maintain the strategic advantages that space
offers. Defense initiatives extend far beyond national defense and into the civilian and commercial realms, and cooperation
must reach across borders, government departments, and commercial enterprises.

Group Captain Colin Thomson prefaced his remarks with the observation that while Australia operates no satellites of its
own, the country’s defense forces rely on SSA data for a number of active and potential uses such as communications and
navigation, deterrence, precision guidance of munitions, and weather data, among many others. Australian SSA data
initiatives include radar installations, precision laser tracking in collaboration with the U.S., and space surveillance
telescope. Australian SSA policy initiatives currently focus on satellite utilization. Australian SSA can contribute an important
geographical view of the Southern hemisphere that has been missing until now, and facilitate a better, richer, and more
effective picture of SSA through network integration. Australia is very much on the cusp of international collaboration, with
policies progressing to implementation through agreements recently signed or in preparation.

Richard Tremayne-Smith elaborated that European space policy developed over many years between the European Union,
member states, and the European Space Agency. Although agreement is therefore difficult, at least there is agreement. In
terms of collaboration and data sharing, the Interagency Coordination Group that includes China, Russia, India, Canada, the
US and several other European nations has been actively involved in SSA, conducting sensor work and tracking exercises; an
annual report is shared with member nations. Space traffic management has been mentioned as an SSA issue, but Mr.
Tremayne—Smith believes this proposal is premature; it is not comparable to air traffic control, and greater coordination is
needed to integrate space and air traffic control as well as a clearer definition of a functional definition of space.

In responding to session questions, panelists made a number of points:

e US allies do not feel a concern that SSA in the US is almost exclusively funded by the military. The participation of
foreign, civilian, and commercial partners further mitigates the relationship. Since SSA work goes beyond simple
tracking and involves entry and re-entry, for example, the military is the obvious choice for SSA and protection of
the space environment. However, the European perspective a little different. Supervision by national governments
over the European Space Agency, for example, means that data sharing with countries such as Russia is facilitated.
There are fewer restrictions on SSA data when the information is more open. The relationship between military
SSA and civilian and commercial interests presents an interesting paradigm; in a wider sense, SSA offers a wealth
of knowledge from a number of sources and national partners and an opportunity is missed by not integrating and
working with all these sources.

* Interms of advantages of collaboration, one result is a standard level of training and compatibility of systems. For
Canada, an effort is being made to provide backup to the US JSpOC system. Through working together, we can gain
a better picture of SSA, meaning a better quality of life for all. However there are real-world limitations to numbers
of allied personnel that can be exchanged or integrated into the collaborative system (such as JSpOC). There are
also tangible benefits of allied nations working with each other as well as with the US. Ultimately, working together
is clearly beneficial for all parties.

*  Projects such as the Swiss “Clean Space” initiative for debris removal would be important initiatives for future SSA.
Further space object collisions or debris-causing events may lead to a critical tipping point because cumulatively,
the effect will be much worse than even that experienced to date.



SESSION Il B. International SSA and Collaboration (continued)

Panel Discussion

The goal of the session was to continue the discussion on current efforts and priorities for international space cooperation
to enhance SSA activities and particularly collaboration within the Asia-Pacific and European regions.

The panel moderator was Audrey Schaffer,
Office of the Under Secretary for Defense.
Panel members were Susumu Yoshitomi,
Executive Director, Japan Space Forum; Lt.
Col. Thomas Blatte, Director of Operations,
German SSA; and Col. Franck
Schrottenloher, France Joint Space

(L-R) Audrey Schaffer (Office of the Under Secretary for Defense), Susumu Yoshitomi
Command. (Japan Space Forum), Lt Col Thomas Blatte (German Army), and Col Franck
Schrottenloher (France Joint Space Command)

Ms. Schaffer echoed the importance of

international collaboration in SSA, which US space policy recognizes. Mr. Yoshitomi remarked that based on the 2012 US —
Japan Cooperative Initiative, both countries aim to strengthen and expand their relationship in space security cooperation.
Japan has started studying future SSA systems, such as the National Space Situational Center.

Lt. Col. Blatte addressed the issue of collaboration by acknowledging that cooperative efforts are the most feasible — and
the most practical — means of ensuring the safety of space infrastructure. Space-based services perform an increasingly
important function for civil and military security in Germany as well as Europe. SSA is therefore driven by civil and military —
that is, economic and defense — requirements. The results are dual purpose, with the common goal of protecting critical
space-based infrastructure.

German SSA efforts involve integrated, joint action by the Federal Ministry of Defense, and the Ministry of Economics and
Technology to develop its SSA capability. From just three military personnel in 2009, this function has grown to 22 by 2013.
Of these, three-quarters are university graduates, mainly in aerospace engineering and computer science. There is
significant SSA cooperation with national universities and research institutes and the Federal Space Administration is
making increasing efforts in R&D to support further enhancements in SSA capabilities. Germany sees a responsibility in
improving the effectiveness of SSA in Europe through pragmatic steps. One such step is the complementary use of existing
assets by Germany and France in partnership; Germany supports a cooperative approach that leaves sovereignty of
contributing states over SSA capabilities, taking the sensitive nature of SSA data into account. Experience bears out that
SSA, especially space surveillance and tracking, proves challenging in various aspects such as governance, international

cooperation, and data security.

Currently, the backbone of European SSA, including existing capability in Germany and France, is a base of bilateral military
cooperative agreements with US STRATCOM. Above that, space reconnaissance and space object identification are core
national security functions that must remain under military control. Germany and France support, as a starting point, a
European consortium that is open to existing and all other EU member states, based on linking current national capabilities.
From the French perspective, there is strong agreement that SSA is important; it is seen as mandatory for space stability
and security. 60 countries are involved in space, including commercial entities, and the increase in space traffic increases
debris and the risk of collisions. SSA is not high enough on the French national agenda, although it was included in a 2013
White Paper on space and security. In terms of cooperation, an exchange of data exists as France works closely with



Germany, and the EU finances SSA services (though not facilities). In 2008, France signed a cooperation and data-sharing

agreement with the US, but this may create too much reliance on the US for data. France needs to create a structure or

entity to provide SSA, mindful also of the issue of balance with civil entities. Space legislation provides a framework for

commercial entities but does not cover space surveillance. France needs to clarify which entities and organizations are in

charge of space and surveillance. As in Germany, the French space agency comes under the authority of two government

departments: Research, and Defense.

Trust in other countries is a key issue: Co-operation is less of a technical challenge and more of an issue of trust in sharing

data with other countries; small steps are better than no steps.

In responding to session questions, panelists made a number of key points:

There are challenges of SSA data cooperation both within national government departments and agencies, and
between entities in the same country. In Germany for the last four decades, space R&D has been dominated by
civilian agencies, with the armed forces only developing systems as recently as the late 90s. The German
constitution does not allow a mix of civilian and military funding, so the owner of the assets also owns the data;
national security data are not released, resulting in a lack of internal cooperation.

In Japan, the government established a new plan in early 2012 for missile defense with SSA activities. A national
space policy took responsibility for civilian space program and SSA. The private sector team including satellites
serving aerospace companies, NEC, Mitsubishi, Fujitsu, JSF and others is now finalizing a study report on the
concept of a national SSA system. The Ministry of Defense is placing a new contract with private companies for a
new concept of SSA and SSA capability in the Ministry of Defense. The situation in Japan is changing; different
entities are operating satellites including JAXA (the national aerospace agency), the Cabinet Office, which is
involved in operating satellites gathering information; meteorological agencies; and TV companies operating
broadcasting and communications satellites. However, only JAXA is conducting SSA activity. Japan believes in
sharing SSA knowledge among satellite operators. The Office of National Space Policy has asked JSF to make
recommendations on SSA to the government by the end of September 2013.

The German view is that there is no problem, in principle, to sharing data but as usual, “the devil lies in the detail.”
International SSA collaboration needs solid data policy established across all organizations participating in the
collaborative effort, so the asset owner owns that asset’s information. There should be a single agreed list of
information that can be released, and for national security objects, information should not have to be released.
Regarding regional SSA cooperation efforts (involving multiple countries), Germany supported the first phase of
the European Space Agency (ESA) SSA preparatory program. But when that was concluded and ESA started to
prepare itself to build an independent SST (space surveillance and tracking) capability, Germany decided not to
support it because the security and national interest aspects of SST require it to be dealt with by organizations with
structure and knowledge that ESA does not have. Germany does support ESA’s ongoing weather efforts because
that is R&D in its purest form, in which ESA excels. France shares Germany’s approach on these issues. It is
concerned that ESA lacks a cogent philosophy regarding classified assets; there must be a strong data policy for
any SST program.

In Japan, the Japan Space Forum (JSF) has recently provided re-entry data for a Russian satellite and contributed
data for East Asian countries’ satellites, especially as they don’t have SSA capability of their own. Japan supports
them to avoid collision debris. Japan and the US have agreed to SSA data sharing, although some say there is no
need for SSA by Japan because the US can provide it. However, supporters believe that Japan should have its own
capability and should aim to provide complementary data, for example, by means of high performance radar and
telescopes.

Regarding opportunities and challenges regarding Russia and China’s role in international SSA cooperation efforts:
There has been some specific cooperation with Russia when problems arise (Mir, for example); Russian assets are



all under the control of the military. There have been offers to sell information, but data exchange and
cooperation is preferable. Both Germany and France have exchanged unclassified data, but military and classified
data are a different policy issue. Japan currently has no connection in this area with either country, except for an
SST meeting in Tokyo in 2013 attended by a representative of the Director of Space Policy at the Beijing Policy
Institute at the invitation of JSF. He stated that some entities were developing a space program but there was little
coordination. Some exchange takes place between the US and the Chinese Ministry of Foreign Affairs on SSA data,
but not at the same level as collaboration with some other countries.

In terms of cooperation with commercial operators, the German experience has been limited and slow moving.
There is no commercial organization that provides SSA data, and data involving national security should reside in
the military domain. The French view is that SSA and a commercial approach are not compatible; responsibility for
SSA involving national security lies with the military and national government. In Japan, commercial TV satellite
operators have expressed concern about the potential of collision with objects in space launched by East Asian
countries and have sought space situational information. JSF is organizing a symposium in 2014 and plans on
exchanging information with commercial operators.



SESSION Ill. Ccommercial, Civil, and R&D Roles in SSA

Panel Discussion

The goal of the session, introduced by Eric Stallmer (Analytical Graphics, Inc.), was to explore how the roles of civil and
commercial organizations might evolve in the future to support safe space operations in collaboration with the military.
Among key topics are the opportunities to leverage commercial and civil best practices, expertise and relationships, and
which policy and technology developments could increase the opportunities for broader contributions from all space
participants.

The panel moderator was Brian Weeden,
Technical Adviser, Secure World
Foundation (formerly USAF and JSpOC).
Panel members were Lt. Col. Travis Blake,
Program Manager, Defense Advanced
Research Projects Agency (DARPA);
Andrew D’Uva, President, Providence
Access Co. and Space Data Association;
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Maj. Gen_‘ Paul D. Nielsen, Re_t" D'_reCtor (L-R) Brian Weeden (Secure World Foundation), Lt Col Travis Blake (DARPA), Andrew
and President, Software Engineering D’Uva (Providence Access Co. and Space Data Association), Maj Gen (R) Paul Nielsen

Institute; and Dr. Bruce Chesley, Director of (Software Engineering Institute), and Bruce Chesley (Boeing Phantom Works)
Advanced Space Intelligence Systems,
Boeing Phantom Works.

In setting the panel discussion context, Mr. Weeden remarked that SSA began, like many space technologies such as GPS
and remote sensing, as a military function — by and for the military. But as things in this realm are evolving — a recurring
theme of this Policy Forum —so it is timely to examine whether SSA will remain in the military domain in the future. The
national security element will always be there, so the question becomes, if SSA moves beyond military control, what do
these potential SSA roles and relationships look like, and what are the likely contributions of other entities contributing to
SSA. Mr. Weeden posed a series of questions in turn to the panel, and the following highlights emerged:

* Regarding the nature of the contribution of satellite manufacturers to SSA, the commercial industry view is that it
has to innovate and take risks in seeking reward. Businesses invest considerably and work on how best to protect
their assets, which generate a lot of data. The view from the military perspective that commercial interests may be
unconcerned with the larger issues of SSA and the space environment is not necessarily valid. Intelsat is a good
example of a commercial entity; it operates 77 satellites and is responsible for 25,000 maneuvers per year, so
collision avoidance is important to them. For them the challenge is how to combine other information. Commercial
entities generate substantial data and rely on SSA data. They need to know that any manoeuver is low risk, so one
response was to create the Space Data Association and the Space Data Center. No government actually legislates
or controls how commercial businesses operate in space; both entities are “in it together” and must resolve SSA
policy together.

* Onthe subject of how changing technology is affecting the commercial market and SSA, DARPA is trying to be
“sensor agnostic” — SSA is about the data, rather than the quality of sensors and their improvement. Whether from
commercial sources or an incentivized cooperative effort, DARPA feels it should be able to take that data in,
whether the origin is commercial, government or through foreign partners, presenting challenges as well as
opportunities. What to do with combined data is another issue, and the solution needs to be mutually beneficial.
Analyzing the data collected and distributing the information is one of the challenges. DARPA for example is always
seeking better sensors and the military hopes to leverage commercial and civil within the R&D framework, since it
does not possess the resources to own the technology. It is easier to press forward with commercial or foreign
partner R&D to prove a concept than for the military to try and do it themselves.

* Another issue relates to how the development of hardware and especially software in the private IT sector is
impacting SSA. It is important to build systems with the capacity to evolve into the future and this means avoiding



systems with government proprietary-only interfaces to sensors. It’s the software that makes the hardware and
systems work, and in a software-driven era, it’s hard to manage. It's important to do it right; for example, Google
got scaling right and the iPad, with so many apps, is another triumph of private sector engineering. In government
systems, it’s important to design the architecture carefully with the key requirement that the system must be able
to evolve over time. Software will become increasingly important, building to scale over time. A major challenge
involves the nature of a culture change, which is always difficult. The government has placed a priority on being
agile and nimble, but it will be hard to make that change in practice. JMS needs to be an agile system that evolves
over time, with the ability to take in all kinds of data from all kinds of sources, and to serve the broader SSA
community because SSA is no longer only a military function.

Regarding the role of, and opportunities for, commercial entities to provide SSA, any analysis is speculative as
there is no real existing market. There are various models that can serve as examples for how SSA can evolve in the
commercial marketplace, such as the creation of the Federal Aviation Authority, and the development of
commercial imaging. About 80% of military satellite communications is by leased commercial services, with the
rest provided by government (critical broadband and protected communications). Among the technical challenges
are consistency of sensor input, data format, and security. Among the policy challenges is official support for the
creation of commercial entities involved in SSA but practical limitations to government commitment during the
development phase. There are commitment risks on both sides; for example, companies failing, and the
marketplace changing. The main business challenge is to develop and support a business case for entering a
development agreement for a service and market that doesn’t currently exist. Opportunities exist for new
partnerships, new business models, information sharing, and data exploitation and integration, and with the
creativity and ingenuity of the marketplace, it can be expected that some of these services to be forthcoming.
With the trend towards hosted payloads as much less expensive options to undertake SSA, multi-purpose missions
can be expected. Timely delivery and integration are important factors for hosted payloads. The benefit of
commercial interests is their agility in changing mission scope. There has been recent serious interest by
commercial operators in adding SSA sensors to their spacecraft for their own purposes. With all this data, the
guestion is how the data can be best used for shared interests. Currently, data tends to be used narrowly but they
can be combined to allow a better understanding of SSA.

As for the possible development of a market for SSA data with buyers and sellers, it is not seen as likely for low-
earth orbit satellites as those are mostly government deployed and there is little commercial activity. Oceanit has
done a remarkable job of playing a broker role and providing for both consumers and suppliers. However, while
there is no shortage of suppliers and their number is easy to quantify, the number of consumers is harder to
gauge. With SSA partners, data exchange is the norm and precludes a commercial market. Marketable data would
have to be high-fidelity.

Certain types of SSA might develop into commercial products; for example, knowledge of the electro-magnetic
environment used for mission planning and system optimization. GPS services and data are free (although
provided by tax dollars), and yet there are a massive number of value-added uses and applications. Weather data
is also free, yet specialized companies have developed advanced forecasting and analysis. There are probably some
essential public functions for which data can be provided and in which markets will spring up. Another approach is
to look at the issue from a product perspective, not just a data perspective. It is possible to envision multiple sales
of data in an aftermarket, or a subscription model offering different levels of service and updates.

Regarding challenges of working with the government from a commercial perspective, a number of viewpoints
were expressed. Challenges are minimized if the private sector is willing to work within government rules and
schedules. Some governments are easier to work with than others. The US government tends not to be agile, and
officials are usually under scrutiny, so time becomes a factor. Some good ideas may not reach fruition because of
the time-lag involved. This may be less true in S&T (science and technology) organizations that tend to have faster
acquisition cycles. DoD S&T organizations provide a strong foundation for research and applied research in the
physical sciences and engineering, and there aren’t many other sources for that type of funding in the US
currently. In S&T, government can create its own markets because of procurement rules and may be the sole
market for some developmental technology. It is worth noting that governments can be willing to take on
challenging projects with risk, such as Jet Propulsion Laboratory (JPL) Mars missions and the National Security
Administration (NSA)’s PRISM (the electronic data surveillance program).



The likelihood of independent commercial entities gaining SSA capabilities beyond what is provided by the military
was also discussed. Commercial operators are already interested in awareness of their own environment in space —
“self service” — and it is easy to envision cooperative ventures evolving out of that. The Space Data Center is
already acting as an information clearinghouse and as a database resource for operators, working on a network
map. The US government does not seem interested in providing similar information, despite being highly reliant on
those systems.

The degree to which the government has a responsibility to share SSA for the “public good” and public safety was
also discussed. Examples include coastal navigation, such as hazards marked by buoys and lighthouses, and
international space assets and debris. There may be security concerns but safety trumps all. Civilian air traffic
control does not attempt to control military traffic, and the latter follows civilian rules and norms.

An earlier panel referred to JSpOC data; as it affects commercial entities, the discussion turned to whether the
data provided were sufficient. One view expressed was that while good, it is not good enough. In particular, data
are limited by existing capability and JSpOC is not looking far enough into the future or sufficiently anticipating
future demands, especially from the commercial sector. For example, today’s systems do not routinely incorporate
manoeuver data; commercial systems have to use a combination of information systems. The Space Data
Association does not have access to the best debris data because it is unavailable outside government channels.
The current systems (JSpOC) do not incorporate commercial data and no way has yet been found “to use and fuse”
the best data.

The panel discussed whether the current model, with the operational side of the military as the lead actor for SSA,
was ideal in terms of data sharing and cooperation. One alternative would be an entity similar to the FAA, perhaps
under international control, offering space security, supervising evolving SSA systems, and providing agility. It
would resolve the lack of a comprehensive space surveillance system and provide an international regime for
space with rules and norms. Even JSpOC does not provide the military with all the information it needs; it is
weighted towards “the here and now” and it should be more than traffic management.

Regarding future needs, the extent to which a future collision event would change the status quo was discussed.
One outcome might be that commercial operators might go their own way in SSA if they felt they were not getting
adequate warning information. However, another view is that a collision involving a military asset might drive
things in the other direction, such that JSpOC would be totally focused on collision avoidance. Another
consideration is the economic impact of lasting damage to the space environment; certain regions of space might
no longer be usable. DARPA has received many proposals regarding space debris, including the use of lasers, and
these have both benefits and limitations. These proposals have had good technical ideas but little consequence
analysis, and DARPA has yet to find a solution giving substantial debris reduction without incurring further risk. The
best solution may be to move to higher, less populated areas of space orbit and start there. All realistic proposals
are welcome, whether from civil, commercial, foreign or military sources.

In summary, the consensus expressed is that commercial, civil, military, and intelligence interests have to work on
the SSA problem set together, and in this government-dominated arena, efforts must be multi-national and
multilateral. One view is that there is less of a technical challenge, and more of a process and culture challenge,
where establishing and maintaining trust and the ability to work together is key. Another view is that there are
technical challenges in regard to error in data sets, access, and standards — but these can be overcome. For all
these challenges, we can expect that creativity and innovation in SSA will result in new business models emerging
and government-funded R&D will result in commercial opportunities.
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