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1.	Introduction

	The overall objective of space situational awareness (SSA) is to identify the location of every object orbiting the Earth, why it is there, what it is doing, and to predict what it will be doing in the future. Its aim is to track and understand what exactly is in orbit from either space or from the ground.[footnoteRef:1]  This knowledge enables the management of space assets and the exercise of a level of control over the space environment.  [1: 	Space Situational Awareness - cpi; http://www.cpi.com/capabilities/ssa.html.] 

	SSA enables the achievement of both civilian and military objectives. A number of systems and arrangements have been established to provide SSA for different applications. Some of the information is generally available and some not. This paper examines some of these, considering the need for SSA, operating and proposed solutions and political, legal and economic consequences of its availability.
2.	The Problem

	The increasing orbital population, particularly in LEO, is creating physical and frequency spectrum congestion. The latter is particularly important, as damage to the space frequency spectrum can render all space systems unusable.[footnoteRef:2] [2: 	Scott Pace, A Day Without Space: Economic Security Ramifications, George C Marshall Institute, 28 July 2009; http://www.marshall.org/pdf/materials/728.pdf.] 


	Orbital debris has reached a level at which active steps need to be taken to stabilise and render the most useful orbits sustainable. Current estimates of the population according to diameter size in Low Earth Orbit, LEO, are:

		    Size			Number				Mass in Tons (%)

	> 10 cm		20,000[footnoteRef:3]  (<10% operational)		6,995	(99.93%) [3: 	Estimates vary between 16,000 and 20,000.] 


	> 1 cm		500,000				2.5	(0.035%)

	<1 cm		50,000,000				2.5	(0.035%)

	In approximate terms, man made objects in LEO number 50,000,000, weighing 7,000 tonnes, of which less than 2,000 objects are operationally functioning.

	According to the European Commission (EC), annual losses due to collision and collision-avoidance manoeuvres total €140 million ($185 million), a figure expected to grow by 50% over the next decade as more satellites are launched into space.[footnoteRef:4] [4: 	Amy Svitak, EU Aims For Space Situational Awareness Network, Aviation Week & Space Technology, 5 August 2013; http://www.aviationweek.com/Article.aspx?id=/article-xml/AW_08_05_2013_p27-603051.xml&p=1.] 

3.	The Need for SSA

	Apart from the direct cost of debris avoidance and collision risks, there is growing reliance on space for many uses, as discussed below. If man is to continue using space capabilities, there is an urgent need to sustain the space environment. A first step in doing so is to understand the risks and devise appropriate measures to overcome and reduce them. These risks include natural hazards of space weather and asteroids.

	SSA is critical to deciding on the measures to be taken and to assessing the effectiveness of any solution.

	Space capabilities facilitate many of the activities conducted on Earth and are an important part of securing physical, social and economic wellbeing of nations and communities. It has been observed that space is becoming Congested, Contested and Competed.[footnoteRef:5] [5: 	National Security Space Strategy, US Department of Defence and Office of Director of National Intelligence, January 2011, p.24 et seq.] 


	The radiofrequency spectrum for space systems is also becoming increasingly congested. Demand for radiofrequency spectrum to support worldwide satellite services is expected to grow commensurate with the rapid expansion of satellite services and applications. By 2015 as many as 9,000 satellite communications transponders are expected to be in orbit. As the demand for bandwidth increases and more transponders are placed in service, the greater the probability of radiofrequency interference and the strain on international processes to minimize that interference.[footnoteRef:6] [6: 	Scott Pace, A Day Without Space: Economic Security Ramifications, George C Marshall Institute, 28 July 2009; http://www.marshall.org/pdf/materials/728.pdf.] 


	We rely on space for military security, social cohesion and national identity, economic security and development, as well as environmental safety.

i.	Military Security as articulated by the US Department of Defence includes ‘space capabilities that provide the United States and its allies advantages in national decision-making and military operations ...... Space systems provide national security decision-makers with unfettered global access and create a decision advantage by enabling a rapid and tailored response to global challenges. Moreover, space systems are vital to monitoring strategic and military developments as well as supporting treaty monitoring and arms control verification.’[footnoteRef:7] [7: 	C. Robert Kehler, General, USAF, Implementing the National Security Space Strategy, Strategic Studies Quarterly, Spring 2012. For a fuller articulation of the US strategy see this and Cheryl Pellerin, New DoD Space Policy Addresses Safety, Security, Access, American Forces Press Service, 21 November 2012.] 


ii.	Social stability, cohesion and preservation of national identity are facilitated, developed and sustained by shared values and experiences. Communication between individuals and mass communications advance these characteristics and create cultural identity and advance national security. International communication and interaction also play an important role in promoting understanding and international security.

	Most communication systems rely to some extent on space services, particularly in developing countries.

iii.	The GPS system and communication networks are critical to economic security. They enable financial transactions to be communicated between institutions and to synchronise their timing. Transport services and navigation are also heavily dependent on GPS. Satellite Earth observation and weather satellites contribute to economic prosperity.

iv.	In addition to weather satellites, other environmental monitoring systems are increasingly important to the security and sustainability of the Earth environment and populations. Satellites have a growing role in disaster detection and warnings, as well as in supporting relief efforts.

4.	Solutions

	United States

	The US Strategic Command (US STRATCOM)[footnoteRef:8] is the primary provider of SSA.  It tracks objects in space using a collection of ground-based telescopes and radars, a space-based sensor in polar orbit, and a control centre in the Space Surveillance Network (SSN).[footnoteRef:9] US STRATCOM is the main source of publicly available data on unclassified space objects larger than 5 cm, including space debris.[footnoteRef:10] [8: 	United States Strategic Command is a global command charged with conducting space situational awareness operations to ensure the safety and viability of space assets, including detecting, tracking, and cataloging space debris.]  [9: 	In general, ground-based radar is used to search and detect space objects because of their ability to perform a wide-area search over a large field of view with a single beam. Ground-based telescopes are used for space object characterization because objects beyond LEO are almost always illuminated by the sun and can be observed as long as the telescope is in the dark. The existing GEO search capability is provided by three Ground-Based-Optical Deep Space Surveillance (GEODSS) Systems. One drawback of telescopes is they are limited by the weather. Another drawback for both ground-based radar and telescopes is they lose track of objects that move temporarily out view, resulting in information voids that must be filled. 
	See Jeff Foust, A new eye in the sky to keep an eye on the sky, The Space Review, May 10, 2010; http://www.thespacereview.com/article/1622/1.]  [10: 	Claudio Portelli, Space Debris: Growing Phenomenon, 17th International Space Conference, Rome, May 2013.] 


	ESA

	ESA has not yet succeeded in establishing a system for SSA. ESA’s SSA program has now been stripped of its space surveillance and tracking functions, and is focusing on the less-controversial, and less militarily relevant, space weather and near-Earth object elements of SSA. However, the European Union has plans to address space surveillance.[footnoteRef:11] [11: 	Peter B. de Selding, European Union Presses Ahead with Proposal To Lessen Dependence on U.S. for Space Surveillance, Space News, Aug. 2, 2013.] 


	EU

	The European Commission (EC) has proposed a Space Surveillance and Tracking (SST) programme.[footnoteRef:12] The Draft Decision proposes a seven-year programme to enable data collection and processing using national sensors and capabilities.  The aim is to provide an SST information service to spacecraft operators and public authorities.[footnoteRef:13]  [12: 	Proposal for a Decision of the European Parliament and of the Council Establishing a Space Surveillance and Tracking Support Programme, COM (2013) final 107, 2013/0064 (COD), Brussels 28.2.2013. ]  [13: 	COM (2013) final 107, Draft Decision, Art 3.] 


	The proposed SST Service will comprise:

	the risk assessment of a collision between spacecraft or between spacecraft and space debris and the generation of collision avoidance alerts during the launch and in-orbit operation of spacecrafts;
the detection and risk assessment of on-orbit explosions or break-ups or collisions; and
	the risk assessment of and alerts related to the re-entry of space objects and space debris into the Earth's atmosphere and the prediction of the time and location of impact.[footnoteRef:14] [14: 	COM (2013) final 107, Draft Decision, Art 4.] 

	It is worth noting that the Draft Decision includes definitions of some terms not well-defined elsewhere. These include:[footnoteRef:15] [15: 	COM (2013) final 107, Draft Decision, Art 2.] 


'Space object' means any man-made or natural object in outer space;
'Spacecraft' means any man-made space object serving a specific purpose, including artificial satellites;
'Space debris' means spacecraft or parts thereof that no longer serve any specific purpose, including parts of rockets or artificial satellites, or inactive artificial satellites.
	This definition of Space Debris, confined to man-made space objects that "no longer serve any specific purpose", is virtually identical to the definition used by the Inter-Agency Debris Coordination Committee (IADC) in its Debris Mitigation Guidelines, which refers to "man-made objects ... in Earth orbit.... that are non-functional"[footnoteRef:16]. A spacecraft that can no longer perform its mission is considered by IADC to be ‘non-functional’.[footnoteRef:17] [16: 	IADC Space Debris Mitigation Guidelines, Sec 3.1.]  [17: 	IADC Space Debris Mitigation Guidelines, Sec 3.2.1.] 


	Space Data Association (SDA)

	In 2009 a number of satellite operators established Space Data Association Limited[footnoteRef:18] (SDA), a company through which to share data relating to satellites they operated. Membership of the SDA is open to other qualifying satellite operators, whose rights and privileges vary according to the number of satellites they operate. Those with full participation rights operate not less than 10 satellites. Membership is open also to non-operators who meet certain criteria.[footnoteRef:19] [18: 	A company limited by guarantee, registered in the Isle of Man, number 123616C; see http://www.gov.im/ded/companies/companiesregistry.xml.]  [19: 	SDA Articles of Association, Arts 4-7. All classes of members are required to "show genuine interest in the support of the Company's objects" (Emphasis added); SDA Articles of Association, Arts 5.1(c), 6.1(b) and 7.1(a). However, there is no indication where the objects of SDA are articulated. Indeed, Isle of Man company law does not allow for such articulation in the statutes of a company; IoM Companies Act 1931, Sec 2(1)(c), as amended by Companies Act 1986, abolishing the doctrine of ultra vires.] 


	Although commercial satellite operators had shared information about their satellites and orbital positions in the past, the SDA introduced common protocols to formalise the process of exchanging information and to achieve overall data compatibility.[footnoteRef:20] SDA members share not only current positional and frequency data, but also information about planned manoeuvres in order to enhance conjunction avoidance.[footnoteRef:21] [20: 	Richard DalBello, Managing Risk in Space, Public Interest Report, Winter 2011, Vol 64, No 4, p18 et seq.; https://www.fas.org/pubs/pir/2011winter/2011Winter-PIR-MemberPreview.pdf.]  [21: 	In this context, conjunction occurs when two objects meet in time and space.] 

	Clearly, to ensure the safety of their satellites, operators need access to more information than that relating to commercial satellites of the major operators. Therefore, in addition to encouraging smaller operators to join SDA, it also shares data with NOAA and NASA. However, US STRATCOM and the Joint Space Operations Centre (JSpOC)[footnoteRef:22] have been unwilling to allow integration with SDA data on security grounds.[footnoteRef:23] [22: 	JSOC is based at Vandenberg Air Force Base in California. Using data received from the Space Surveillance Network, a worldwide network of 29 space surveillance sensors, the JSpOC members gather, compute and screen the information to alert satellite owners in the event of a possible conjunction; Heather R. Shaw, JSpOC Increases Tracking Capabilities, Air Force Space Command, 1 September 2009; http://www.afspc.af.mil/news/story.asp?id=123165722.]  [23: 	NASA Uses SDA's Info to Keep Space Safe, SatNews 17 September 2012; http://www.satnews.com/story.php?number=1358547640.] 

	Economic pressures, and the new US Department of Defense Space Policy, may accelerate cooperation with both international partners and commercial space companies, including SDA.[footnoteRef:24] [24: 	Cheryl Pellerin, New DOD Space Policy Addresses Safety, Security, Access, American Forces Press Service, 21 November 2012.] 

5.	Consequences of Improved SSA

	Improved SSA leading to a sustainable space environment is in the interest of all mankind. Information about potential conjunctions is critical commercially, as well as for security reasons. However, SSA solutions are not without cost, and can lead to more frequent conjunction-avoidance manoeuvres, reducing satellite life.

	Although space-related and other insurance rates tend not to be driven as much by the specific risks associated with a given activity, as by the overall insurance capacity that is available,[footnoteRef:25] SSA information may lead to reassessment of satellite life insurance premiums and to higher project costs. Currently, the greatest risk to satellites is at launch, but this may change due to the presence of increased orbital debris.  [25: 	There was no greater challenge to satellites or launches right after 9/11, but insurance rates worldwide went up. Insurance rates for insuring art to be shipped from one museum to another, which impacted the delivery of art for exhibits, went up at that time, as did the insurance rates for satellites. Andrea Maleter, A Day Without Space: Economic Security Ramifications, George C Marshall Institute, 28 July 2009; http://www.marshall.org/pdf/materials/728.pdf.] 


	A more significant and fundamental affect of better SSA may be the alteration of the meaning of fault in relation to international liability for damage caused by a space object elsewhere than on the surface of the Earth and to flying aircraft.[footnoteRef:26] [26: 	Convention on International Liability for Damage Caused by Space Objects, Adopted by UN General Assembly on 29 November 2971 (Liability Convention), Art III.] 


	In international law, fault "means any act or inaction which violates an obligation."[footnoteRef:27] It has also been argued that departing from recommended procedures, such as the IADC Debris Mitigation Guidelines, may give rise to fault.[footnoteRef:28] [27: 	Bin Cheng, General Principles of Law as Applied by International Courts and Tribunals; Grotius Classic Reprint Series, Cambridge University Press, 2006, Vol 2 at 225.]  [28: 	Leslie Jane Smith and Armel Kerrest, in Cologne Commentary on Space Law, Eds Stephan Hobe et al, Vol II, at 132 et seq. The circumstances in which this may occur is a mixed question of fact and law, beyond the scope of the present paper.] 


	The IADC Guidelines may also gain greater relevance if they become routinely incorporated into operators' licences. In particular the Guidelines provide:[footnoteRef:29] [29:      Guideline 5.4.] 


	Prevention of On-Orbit Collisions

	In developing the design and mission profile of a spacecraft or orbital stage, a program or project should estimate and limit the probability of accidental collision with known objects during the spacecraft or orbital stage’s orbital lifetime. If reliable orbital data is available, avoidance manoeuvres for spacecraft and co-ordination of launch windows may be considered if the collision risk is not considered negligible. Spacecraft design should limit the consequences of collision with small debris [that] could cause a loss of control, thus preventing post-mission disposal.

	The terms of the Guideline require that operators take measures to avoid conjunctions. In relation to the collision between Cosmos 2251 and Iridium 33, a case has been made that the information available to Iridium was not sufficiently accurate. This created doubt as to the risk of conjunction, and the measures that might lead to avoidance of a collision.

	With the advent of improved SSA and better warnings, operators may reconsider their procedures and how they respond to conjunction warnings. 

6.	An Alternative Future

	The recent announcement by the US Air Force that its Space Surveillance System (Space Fence)[footnoteRef:30] is to close on 1 September 2013[footnoteRef:31] raises questions about the future of SSA. Closure of the Space Fence will reduce observations by approximately 40 percent of all observations performed by the Space Surveillance Network, (which includes other ground- and space-based sensor assets), affecting the accuracy of the system. The Air Force is expected to award contracts for development of the next generation Space Fence in March 2014, with the new system not to become operational until late in 2018.[footnoteRef:32] [30: 	Space Fence, which consists of a line of VHF radars stretching across the southern United States.]  [31: 	Mike Gruss, Space Fence Shutdown Expected To Weaken Orbit Surveillance Network, Space News, 9 August 2013.]  [32: 	Mike Gruss, With Current System Slated for Closure, Air Force Defers Next-gen Space Fence, Space News 23 August 2013.] 


	A possible solution to the reduction of Space Fence capabilities was articulated in the White Paper Spacecast 2020.[footnoteRef:33] It explored and recommended the development of capabilities and technologies that the United States will require to exploit space for national security objectives. The White Paper has space traffic control system (SPATRACS) as its focus, with the obvious requirement for accurate SSA. Spacecast 2020 includes the following statements: [33: 	Air University, Spacecast 2020, http://www.au.af.mil/Spacecast/Spacecast.html.] 


	The key theme of changes [recommended in Spacecast 2020] is increased satellite autonomy (to include on-board navigation and housekeeping functions), which implies .... an entirely new way of tracking and controlling space systems .... and those transiting space .... .

	Three kinds of objects will exist that must be accurately tracked in order to accomplish true space traffic control: debris, uncooperative space systems, and SPATRACS-capable space systems. .... . In SPATRACS, debris will be identified by space sensors and once identified, will be tracked easily due to its deterministic flight path degradation. With improvements in sensor technology, identification and tracking of increasingly smaller pieces of space debris will be possible.

	The design and integration of SPATRACS capability into satellite design is critical if the system is to be adopted. User participation will grow as the system evolves and proves its worth. Early generation SPATRACS could perform the bulk of its mission using its own sensor information. Additionally, SPATRACS satellites should be designed to incorporate off-board information. As satellites become increasingly autonomous, ever increasing accuracy can be realized.

	Relatively small crews .... will man SPATRACS ground stations. These ground stations (primary and backup) will be responsible for handling anomalous situations, authorizing, coordinating and reporting collision avoidance maneuvers with satellite owners, and coordinating space object identification (particularly threat identification). Overseas ground sites, with their cost and vulnerability, will be eliminated. All the data gathered can be augmented by ground site data collected from continental US bases, but the system can remain autonomous.

	As the White Paper states, the system will be improved by user participation. Such participation could be conducted through SDA, or through another grouping of commercial operators. However, to engage in this way, SDA may need to transfer some of its operations to SPARTRACS, to avoid security concerns.

7.	Conclusion

	There is a friction between SSA requirements of international sharing of information and national security concerns. Ideally all governmental and commercial satellite operators would share both orbital and proposed manoeuvre information. Political considerations may not create the environment to achieve the ideal.

	The development of an EU surveillance capability will add to the sources of information. Together with initiatives like SDA, SSA will improve. How quickly and to what degree it will occur remains significantly dependent on the measures and stance taken by the US.
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