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Status quo debris mitigation measures will fail – ground-based lasers can remove it all in 3 years

The Economist 10 (“Scientists are increasingly worried about the amount of debris orbiting the Earth” Aug 19th 2010 http://www.economist.com/node/16843825?story_id=16843825&fsrc=rss) AK
The real threat now comes from collisions between things that are already up there—so much so that since the demise of Iridium 33, the normally secretive Strategic Command (Stratcom) of America’s Defence Department has become rather helpful. Brian Weeden, an expert on space debris at the Secure World Foundation, a think-tank, says Stratcom now screens every operational satellite, every day, looking for close approaches, and notifies all operators. Even the Chinese? “Everybody,” he says, “the Russians, the Chinese, even the Nigerians.” This means that satellites’ owners have better information with which to decide whether to use a small amount of their precious fuel reserves to avoid a collision. But even this would not be enough. What is needed is a way to clean up the junk so that it is no longer a problem. Ideas for doing this are growing almost as fast as space debris. One proposal, originally made a decade ago by the American armed forces, would be to use ground-based lasers to change the orbits of pieces between 1cm and 10cm across by vaporising parts of their surfaces. This would produce enough thrust to cause the debris to re-enter the atmosphere. The proposal suggested a single laser facility would be enough to remove all junk of this size in three years. 
The risk of space debris collisions is extremely high 

Collard-Wexler, 6 – PhD candidate in political science focusing on international relations at Columbia University
[Simon, Space Security 2006. Waterloo, Ontario: Space Security Index, July 2006 www.spacesecurity.org] AK
Media reports about a forthcoming NASA study reveal that the risk posed by orbital debris to spacecraft may be higher than previously thought. Leaked information from the study suggests that shuttles now face a 1-in-54 to 1-in-113 chance of being destroyed by space debris. This is much greater than the stated NASA program goals of a 1-in-200 chance. In addition, NASA found that space debris accounts for half of the risk associated with spaceflights and collisions with space debris account for 11 of the 20 problems that could be most fatal to a shuttle and its crew. Because there is disagreement within NASA as to the likelihood of a fatal collision between space debris and the shuttle, NASA officials plan to conduct further study to provide more clarity.

SCENARIO ONE IS GPS – 

Debris knocks out GPS satellites – we’ll isolate three impacts;

· the global economy

· emergency response services and 
· power grids

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

There are currently hundreds of millions of space debris fragments orbiting the Earth at speeds of up to several kilometers per second. Although the majority of these fragments result from the space activities of only three countries—China, Russia, and the United States—the indiscriminate nature of orbital mechanics means that they pose a continuous threat to all assets in Earth’s orbit. There are now roughly 300,000 pieces of space debris large enough to completely destroy operating satellites upon impact (Wright 2007, 36; Johnson 2009a, 1). It is likely that space debris will become a significant problem within the next several decades. Predictive studies show that if humans do not take action to control the space debris population, an increasing number of unintentional collisions between orbiting objects will lead to the runaway growth of space debris in Earth’s orbit (Liou and Johnson 2006). This uncontrolled growth of space debris threatens the ability of satellites to deliver the services humanity has come to rely on in its day-to-day activities. For example, Global Positioning System (GPS) precision timing and navigation signals are a significant component of the modern global economy; a GPS failure could disrupt emergency response services, cripple global banking systems, and interrupt electric power grids (Logsdon 2001). 

That spills over to the global economy 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

Commercially, the economy of the United States is heavily dependent on space assets in virtually every industry. Communications, Global Positioning System (GPS) technology, agriculture, weather monitoring, and shipment tracking in the manufacturing sector are all indispensable to workings of the market.7, 8 With international economies interwoven across borders and cultures, damage to a critical satellite might pose serious monetary repercussions throughout multiple countries. For example, nearly a decade ago the failure of the Galaxy IV satellite rendered certain communications useless for two days. “The failure of that one satellite left about 80 (to) 90 percent of the 45 million pager customers in the United States without service…and 5400 of 7700 Chevron gas stations without pay-at-the-pump capability.”9 
Global economic collapse causes nuclear war 
Friedberg and Schoenfeld, ‘8 [Aaron, Prof. Politics. And IR @ Princeton’s Woodrow Wilson School and Visiting Scholar @ Witherspoon Institute, and Gabriel, Senior Editor of Commentary and Wall Street Journal, “The Dangers of a Diminished America”, 10-28, http://online.wsj.com/article/SB122455074012352571.html]
Then there are the dolorous consequences of a potential collapse of the world's financial architecture. For decades now, Americans have enjoyed the advantages of being at the center of that system. The worldwide use of the dollar, and the stability of our economy, among other things, made it easier for us to run huge budget deficits, as we counted on foreigners to pick up the tab by buying dollar-denominated assets as a safe haven. Will this be possible in the future? Meanwhile, traditional foreign-policy challenges are multiplying. The threat from al Qaeda and Islamic terrorist affiliates has not been extinguished. Iran and North Korea are continuing on their bellicose paths, while Pakistan and Afghanistan are progressing smartly down the road to chaos. Russia's new militancy and China's seemingly relentless rise also give cause for concern. If America now tries to pull back from the world stage, it will leave a dangerous power vacuum. The stabilizing effects of our presence in Asia, our continuing commitment to Europe, and our position as defender of last resort for Middle East energy sources and supply lines could all be placed at risk. In such a scenario there are shades of the 1930s, when global trade and finance ground nearly to a halt, the peaceful democracies failed to cooperate, and aggressive powers led by the remorseless fanatics who rose up on the crest of economic disaster exploited their divisions. Today we run the risk that rogue states may choose to become ever more reckless with their nuclear toys, just at our moment of maximum vulnerability. The aftershocks of the financial crisis will almost certainly rock our principal strategic competitors even harder than they will rock us. The dramatic free fall of the Russian stock market has demonstrated the fragility of a state whose economic performance hinges on high oil prices, now driven down by the global slowdown. China is perhaps even more fragile, its economic growth depending heavily on foreign investment and access to foreign markets. Both will now be constricted, inflicting economic pain and perhaps even sparking unrest in a country where political legitimacy rests on progress in the long march to prosperity. None of this is good news if the authoritarian leaders of these countries seek to divert attention from internal travails with external adventures.
Emergency Response Services are key to responding to natural disasters

Thayer, ‘7 – Professor of Political Science at the University of Minnesota [Bradley A. American Empire: A Debate. Routledge Press: Taylor and Francis Group, NY] 
The U.S. military is the earth's "911 force"—it serves as the world's police; it is the global paramedic, and the planet's fire department. Whenever there is a natural disaster, earthquake, flood, typhoon, or tsunami, the United States assists the countries in need. In 1991, when flooding caused by cyclone Marian killed almost 140,000 people and left 5 million homeless in Bangladesh, the United States launched Operation Sea Angel to save stranded and starving people by supplying food, potable water, and medical assistance. U.S. forces are credited with saving over 200,000 lives in that operation. In 1999, torrential rains and flash flooding in Venezuela killed 30,000 people and left 140,000 homeless. The United States responded with Operation Fundamental Response, which brought water purification and hygiene equipment saving thousands. Also in 1999, Operation Strong Support aided Central Americans affected by Hurricane Mitch. That hurricane was the fourth-strongest ever recorded in the Atlantic and the worst natural disaster to strike Central America in the twentieth century. The magnitude of the devastation was tremendous, with about 10,000 people killed, 13,000 missing, and 2 million left homeless. It is estimated that 60 percent of the infrastructure in Honduras, Nicaragua, and Guatemala was destroyed. Again, the U.S. military came to the aid of the people affected. It is believed to have rescued about 700 people who otherwise would have died, while saving more from disease due to the timely arrival of medical supplies, food, water, blankets, and mobile shelters. In the next phase of Strong Support, military engineers rebuilt much of the infrastructure of those countries, including bridges, hospitals, roads, and schools. 

Unchecked natural disasters cause human extinction 

Sid-Ahmed, ‘5 – Yeah, it’s the same guy [Mohamed. “The post-earthquake world.” Al-Ahram Weekly Online. Jan 6-12, 2005. http://weekly.ahram.org.eg/2005/724/op3.htm] 

The human species has never been exposed to a natural upheaval of this magnitude within living memory. What happened in South Asia is the ecological equivalent of 9/11. Ecological problems like global warming and climatic disturbances in general threaten to make our natural habitat unfit for human life. The extinction of the species has become a very real possibility, whether by our own hand or as a result of natural disasters of a much greater magnitude than the Indian Ocean earthquake and the killer waves it spawned. Human civilisation has developed in the hope that Man will be able to reach welfare and prosperity on earth for everybody. But now things seem to be moving in the opposite direction, exposing planet Earth to the end of its role as a nurturing place for human life. Today, human conflicts have become less of a threat than the confrontation between Man and Nature. At least they are less likely to bring about the end of the human species. The reactions of Nature as a result of its exposure to the onslaughts of human societies have become more important in determining the fate of the human species than any harm it can inflict on itself. Until recently, the threat Nature represented was perceived as likely to arise only in the long run, related for instance to how global warming would affect life on our planet. Such a threat could take decades, even centuries, to reach a critical level. This perception has changed following the devastating earthquake and tsunamis that hit the coastal regions of South Asia and, less violently, of East Africa, on 26 December. This cataclysmic event has underscored the vulnerability of our world before the wrath of Nature and shaken the sanguine belief that the end of the world is a long way away. Gone are the days when we could comfort ourselves with the notion that the extinction of the human race will not occur before a long-term future that will only materialise after millions of years and not affect us directly in any way. We are now forced to live with the possibility of an imminent demise of humankind. 

If power grids go down it would be the equivalent of an atomic explosion
Latynina ‘3 [Yulia,  Novaya Gazeta (liberal semi-weekly), Moscow, Russia, Aug. 18, 2003 http://www.worldpress.org/americas/1579.cfm]

The scariest thing about the cascading power outages was not spoiled groceries in the fridge, or elevators getting stuck, or even, however cynical it may sound, sick patients left to their own devices without electricity-powered medical equipment. The scariest thing of all was chemical plants and refineries with 24-hour operations, which, if interrupted, can result in consequences even more disastrous and on a larger scale than those of an atomic bomb explosion. So it is safe to say that Americans got lucky this time. Several hours after the disaster, no one could know for certain whether the power outage was caused by an accident or someone’s evil design. In fact, the disaster on the East Coast illustrates just one thing: A modern city is in itself a bomb, regardless of whether someone sets off the detonator intentionally or by accident. 

SCENARIO TWO IS MILITARY OPERATIONS – 

Space debris collisions collapse hegemony – the military relies on satellites for all battle planning

Imburgia 11- Lieutenant Colonel in the US Army, Judge Advocate for the USAF 

(Joseph, “Space Debris and Its Threat to National Security: A Proposal for a Binding International Agreement to Clean Up the Junk,” Vanderbilt Journal of Transnational Law, Volume 44, Number 3, May)

These gloomy prognostications about the threats to our space environment should be troubling to Americans. The United States relies on the unhindered use of outer space for national security.151 According to a space commission led by former Secretary of Defense Donald Rumsfeld, “[t]he [United States] is more dependent on space than any other nation.”152 According to Robert G. Joseph, former Undersecretary for Arms Control and International Security at the State Department, “space capabilities are vital to our national security and to our economic well-being.”153 Therefore, a catastrophic collision between space debris and the satellites on which that national security so heavily depends poses a very real and current threat to the national security interests of the United States. Since “the [1991] Gulf War, the [United States] military has depended on satellites for communications, intelligence and navigation for its troops and precision-guided weapons.”154 Satellites are also used for reconnaissance and surveillance, command and control, and control of Unmanned Aerial Vehicles.155 According to the United States Space Command’s Fact Sheet: Satellites provide essential in-theater secure communications, weather and navigational data for ground, air and fleet operations and threat warning. Ground-based radar and Defense Support Program satellites monitor ballistic missile launches around the world to guard against a surprise missile attack on North America. Space surveillance radars provide vital information on the location of satellites and space debris for the nation and the world. Maintaining space superiority is an emerging capability required to protect our space assets.156 With the modern speed of warfare, it has become difficult to fight conflicts without the timely intelligence and information that space assets provide. Space-based assets and space-controlled assets have created among U.S. military commanders “a nearly insatiable desire for live video surveillance, especially as provided from remotely piloted vehicles like the Predator and now the Reaper.”157 Moreover, military forces have become so dependent on satellite communications and targeting capabilities that the loss of such a satellite would “badly damage their ability to respond to a military emergency.”158 In fact, the May 2008 malfunction of a communications satellite demonstrates the fragile nature of the satellite communications system.159 The temporary loss of a single satellite “effectively pulled the plug on what executives said could [have been] as much as 90 percent of the paging network in the United States.”160 Although this country’s paging network is perhaps not vital to its national security, the incident demonstrates the possible national security risks created by the simultaneous loss of multiple satellites due to space debris collisions. Simply put, the United States depends on space-based assets for national security, and those assets are vulnerable to space debris collisions. As Massachusetts Democratic Congressman Edward Markey stated, “American satellites are the soft underbelly of our national security.”161 The Rumsfeld Commission set the groundwork for such a conclusion in 2001, when it discussed the vulnerability of U.S. space-based assets and warned of the Space Pearl Harbor.162 Congress also recognized this vulnerability in June 2006, when it held hearings concerning space and its import to U.S. national power and security.163 In his June 2006 Congressional Statement, Lieutenant General C. Robert Kehler, then the Deputy Commander, United States Strategic Command, stated that “space capabilities are that these space capabilities are “vital to our daily efforts throughout the world in all aspects of modern warfare” and discussed how integral space capabilities are to “defeating terrorist threats, defending the homeland in depth, shaping the choices of countries at strategic crossroads and preventing hostile states and actors from acquiring or using WMD.”165 Because so much of the United States’ security depends on satellites, these integral space-based capabilities would, therefore, be costly to lose. That loss would be felt in more than just the security arena. Due to the steep price tags attached to some of the national space security platforms, the economic loss of a satellite due to space debris would also be significant. For example, a pair of new Global Positioning Satellites (GPS), which provides valuable targeting and battle space awareness to military commanders, costs $1.5 billion.166 Accordingly, if a piece of space debris destroys one of these satellites, $750 million could be lost instantly. Additionally, NASA invests billions of dollars annually in space assets. Congress provided NASA with $18.3 billion to spend on space utilization and exploration for fiscal year 2010, and it provided $17.7 billion for fiscal year 2011.167 Air Force General (retired) Ronald E. Keys, former Commander of Air Combat Command, summed it up best, stating that a great deal “rides on space-borne satellites.”168 Because these space capabilities are so costly yet so vital to the United States’ national security and economic well-being, the preservation of these space capabilities should also be vital. Unfortunately, as the Rumsfeld Commission noted, “the threat to the [United States] and its allies in and from space does not command the attention it merits.”169 This problem was echoed when, on April 28, 2010, experts from NASA, the U.S. military, industry, and academia provided testimony to the U.S. House of Representatives Subcommittee on Space and Aeronautics.170 “According to subcommittee Chairwoman Gabrielle Giffords of Arizona, the general conclusion of the hearing was that the problem is serious and the world needs to take concrete steps to address it.”171 To rectify this problem from a legal standpoint, and to immediately counter the national security threat that space debris presents, there must be a fundamental shift in how the United States and the international community perceive space debris. Rather than thinking about space debris in terms of its overall increase to the amount of man-made material in space, we must look at space debris in terms of the considerable risk that it poses to national security. Toward that end, the international community needs aggressive space debris removal and reduction efforts on a global scale, and it can effectuate the necessary change through international law. Without a collective international legal effort to induce a reduction in space debris, it will only be a matter of time before the free use of space is severely imperiled, if not forever lost.172 

Loss of satellites sets US capabilities back 75 years – communications are vital 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

U.S. News and World Report recently reviewed an exercise simulating a day in the life of the U.S. military without satellites; the Deputy Under Secretary of the Air Force for Space Programs was questioned about the results. “Fundamentally, you go back to fighting a war like World War II where it’s huge attrition rates, huge logistics, and huge expenses.”10 This example certainly speaks to the reliance on space assets. A lack of action to secure space assets might prove even costlier. In a knowledge-based, information-driven economy, the ability to communicate effectively and quickly is sacrosanct. The Economist recently painted the determination of the outcomes of future conflicts as a matter of “Brains, Not Bullets.”11 If information superiority is today’s manifest destiny, the security of space assets is not optional. 
Top experts confirm the military would *collapse* without satellites 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

General Kevin P. Chilton, Commander of United States Strategic Command, recently wrote: “Military and civilian entities are heavily reliant on services that satellites provide, and space operations are so pervasive that it is impossible to imagine the U.S. functioning without them.”4 During Operation Desert Storm, commercial satellites provided 45% of all communications between the theater and the continental United States.5 Today, according to General Chilton, “We rely on satellites to verify treaty compliance, monitor threats and provide advance warning of missile attacks. It's important to remember that every soldier, sailor, Marine and airman in Iraq and Afghanistan relies on space technology for crucial advantages in the field.”6

Collapse of hegemony causes nuclear war in Kashmir and Korea 

Ferguson, ‘4 – Professor of History at New York University's Stern School of Business and Senior fellow at the Hoover Institution  [Niall, “A world without power,” Foreign Policy 143, p. 32-39, July-August] 

So what is left? Waning empires. Religious revivals. Incipient anarchy. A coming retreat into fortified cities. These are the Dark Age experiences that a world without a hyperpower might quickly find itself reliving. The trouble is, of course, that this Dark Age would be an altogether more dangerous one than the Dark Age of the ninth century. For the world is much more populous--roughly 20 times more--so friction between the world's disparate "tribes" is bound to be more frequent. Technology has transformed production; now human societies depend not merely on freshwater and the harvest but also on supplies of fossil fuels that are known to be finite. Technology has upgraded destruction, too, so it is now possible not just to sack a city but to obliterate it. For more than two decades, globalization--the integration of world markets for commodities, labor, and capital--has raised living standards throughout the world, except where countries have shut themselves off from the process through tyranny or civil war. The reversal of globalization--which a new Dark Age would produce--would certainly lead to economic stagnation and even depression. As the United States sought to protect itself after a second September 11 devastates, say, Houston or Chicago, it would inevitably become a less open society, less hospitable for foreigners seeking to work, visit, or do business. Meanwhile, as Europe's Muslim enclaves grew, Islamist extremists' infiltration of the EU would become irreversible, increasing trans-Atlantic tensions over the Middle East to the breaking point. An economic meltdown in China would plunge the Communist system into crisis, unleashing the centrifugal forces that undermined previous Chinese empires. Western investors would lose out and conclude that lower returns at home are preferable to the risks of default abroad. The worst effects of the new Dark Age would be felt on the edges of the waning great powers. The wealthiest ports of the global economy--from New York to Rotterdam to Shanghai--would become the targets of plunderers and pirates. With ease, terrorists could disrupt the freedom of the seas, targeting oil tankers, aircraft carriers, and cruise liners, while Western nations frantically concentrated on making their airports secure. Meanwhile, limited nuclear wars could devastate numerous regions, beginning in the Korean peninsula and Kashmir, perhaps ending catastrophically in the Middle East. In Latin America, wretchedly poor citizens would seek solace in Evangelical Christianity imported by U.S. religious orders. In Africa, the great plagues of AIDS and malaria would continue their deadly work. The few remaining solvent airlines would simply suspend services to many cities in these continents; who would wish to leave their privately guarded safe havens to go there? For all these reasons, the prospect of an apolar world should frighten us today a great deal more than it frightened the heirs of Charlemagne. If the United States retreats from global hegemony--its fragile self-image dented by minor setbacks on the imperial frontier--its critics at home and abroad must not pretend that they are ushering in a new era of multipolar harmony, or even a return to the good old balance of power. Be careful what you wish for. The alternative to unipolarity would not be multipolarity at all. It would be apolarity--a global vacuum of power. And far more dangerous forces than rival great powers would benefit from such a not-so-new world disorder.

Indo-Pak conflict threatens human survival

Chomsky, ‘9. Noam, “Crisis and Hope: Theirs and Ours,” http://www.thefallingrain.com/Crisis%20and%20Hope%20-%20Noam%20Chomsky.pdf

It’s also not too encouraging that Pakistan and India are now rapidly expanding their nuclear arsenals. Pakistan’s nuclear arsenals were developed with Reagan’s crucial aid. And India’s nuclear weapons program got a major shot in the arm with the recent US-India nuclear agreement. It’s also a sharp blow to the Non-Proliferation Treaty. Two countries have twice come close to nuclear war over Kashmir, and they’re also engaged in a kind of a proxy war in Afghanistan. These developments pose a very serious threat to world peace, even to human survival. Well, a lot to say about this crisis, but no time here. 
Korean conflict triggers almost every impact 

Hayes & Hamel-Green, 10 [Peter & Michael, Executive Director of the Nautilus Institute for Security and Sustainable Development, a member of the Pacific Council on International Policy, the Western partner of the Council on Foreign Relations; and the US Committee of the Council for Security Cooperation in the Asia Pacific “The Path Not Taken, the Way Still Open: Denuclearizing the Korean Peninsula and Northeast Asia” Nautilus, Special Report, 10-001: January 5th, 2010, http://www.nautilus.org/fora/security/10001HayesHamalGreen.pdf]  
The international community is increasingly aware that cooperative diplomacy is the most productive way to tackle the multiple, interconnected global challenges facing humanity, not least of which is the increasing proliferation of nuclear and other weapons of mass destruction. Korea and Northeast Asia are instances where risks of nuclear proliferation and actual nuclear use arguably have increased in recent years. This negative trend is a product of continued US nuclear threat projection against the DPRK as part of a general program of coercive diplomacy in this region, North Korea’s nuclear weapons programme, the breakdown in the Chinese-hosted Six Party Talks towards the end of the Bush Administration, regional concerns over China’s increasing military power, and concerns within some quarters in regional states (Japan, South Korea, Taiwan) about whether US extended deterrence (“nuclear umbrella”) afforded under bilateral security treaties can be relied upon for protection. The consequences of failing to address the proliferation threat posed by the North Korea developments, and related political and economic issues, are serious, not only for the Northeast Asian region but for the whole international community. At worst, there is the possibility of nuclear attack1, whether by intention, miscalculation, or merely accident, leading to the resumption of Korean War hostilities. On the Korean Peninsula itself, key population centres are well within short or medium range missiles. The whole of Japan is likely to come within North Korean missile range. Pyongyang has a population of over 2 million, Seoul (close to the North Korean border) 11 million, and Tokyo over 20 million. Even a limited nuclear exchange would result in a holocaust of unprecedented proportions. But the catastrophe within the region would not be the only outcome. New research indicates that even a limited nuclear war in the region would rearrange our global climate far more quickly than global warming. Westberg draws attention to new studies modelling the effects of even a limited nuclear exchange involving approximately 100 Hiroshima-sized 15 kt bombs2 (by comparison it should be noted that the United States currently deploys warheads in the range 100 to 477 kt, that is, individual warheads equivalent in yield to a range of 6 to 32 Hiroshimas).The studies indicate that the soot from the fires produced would lead to a decrease in global temperature by 1.25 degrees Celsius for a period of 6-8 years.3 In Westberg’s view: That is not global winter, but the nuclear darkness will cause a deeper drop in temperature than at any time during the last 1000 years. The temperature over the continents would decrease substantially more than the global average. A decrease in rainfall over the continents would also follow…The period of nuclear darkness will cause much greater decrease in grain production than 5% and it will continue for many years...hundreds of millions of people will die from hunger…To make matters even worse, such amounts of smoke injected into the stratosphere would cause a huge reduction in the Earth’s protective ozone.4 These, of course, are not the only consequences. Reactors might also be targeted, causing further mayhem and downwind radiation effects, superimposed on a smoking, radiating ruin left by nuclear next-use. Millions of refugees would flee the affected regions. The direct impacts, and the follow-on impacts on the global economy via ecological and food insecurity, could make the present global financial crisis pale by comparison. How the great powers, especially the nuclear weapons states respond to such a crisis, and in particular, whether nuclear weapons are used in response to nuclear first-use, could make or break the global non proliferation and disarmament regimes. There could be many unanticipated impacts on regional and global security relationships5, with subsequent nuclear breakout and geopolitical turbulence, including possible loss-of-control over fissile material or warheads in the chaos of nuclear war, and aftermath chain-reaction affects involving other potential proliferant states. The Korean nuclear proliferation issue is not just a regional threat but a global one that warrants priority consideration from the international community. North Korea is currently believed to have sufficient plutonium stocks to produce up to 12 nuclear weapons.6 If and when it is successful in implementing a uranium enrichment program - having announced publicly that it is experimenting with enrichment technology on September 4, 20097 in a communication with the UN Security Council - it would likely acquire the capacity to produce over 100 such weapons. Although some may dismiss Korean Peninsula proliferation risks on the assumption that the North Korean regime will implode as a result of its own economic problems, food problems, and treatment of its own populace, there is little to suggest that this is imminent. If this were to happen, there would be the risk of nuclear weapons falling into hands of non-state actors in the disorder and chaos that would ensue. Even without the outbreak of nuclear hostilities on the Korean Peninsula in either the near or longer term, North Korea has every financial incentive under current economic sanctions and the needs of its military command economy to export its nuclear and missile technologies to other states. Indeed, it has already been doing this for some time. The Proliferation Security Initiative may conceivably prove effective in intercepting ship-borne nuclear exports, but it is by no means clear how air-transported materials could similarly be intercepted. 
SCENARIO THREE IS WARMING

Space junk threatens critical warming monitoring satellites – that’s try or die for extinction 

Dunstan & Szoka, ‘9 – James Dunstan practices space and technology law at Garvey Schubert Barer.  Berin Szoka is a Senior Fellow at The Progress & Freedom Foundation, a Director of the Space Frontier Foundation, and member of the FAA’s Commercial Space Transportation Advisory Committee. “Beware Of Space Junk: Global Warming Isn’t the Only Major Environmental Problem,” Tech Liberation Front (TLF), http://techliberation.com/2009/12/18/beware-of-space-junk-global-warming-isnt-the-only-major-environmental-problem/. 

As world leaders meet in Copenhagen to consider drastic carbon emission restrictions that could require large-scale de-industrialization, experts gathered last week just outside Washington, D.C. to discuss another environmental problem:  Space junk.[1] Unlike with climate change, there’s no difference of scientific opinion about this problem—orbital debris counts increased 13% in 2009 alone, with the catalog of tracked objects swelling to 20,000, and estimates of over 300,000 objects in total; most too small to see and all racing around the Earth at over 17,500 miles per hour.  Those are speeding bullets, some the size of school buses, and all capable of knocking out a satellite or manned vehicle.  At stake are much more than the $200 billion a year satellite and launch industries and jobs that depend on them.  Satellites connect the remotest locations in the world; guide us down unfamiliar roads; allow Internet users to view their homes from space; discourage war by making it impossible to hide armies on another country’s borders; are utterly indispensable to American troops in the field; and play a critical role in monitoring climate change and other environmental problems.  Orbital debris could block all these benefits for centuries, and prevent us from developing clean energy sources like space solar power satellites, exploring our Solar System and some day making humanity a multi-planetary civilization capable of surviving true climatic catastrophes. 

Satellites are crucial to effective management of emissions and play an indispensable role in halting warming 

Ladislaw et al. 10- Senior Fellow, Energy and National Security Program 

(Sarah O., James Lewis, Denise Zheng, “Earth Observation for Climate Change,” http://csis.org/files/publication/100608_Lewis_EarthObservation_WEB.pdf, June)

Satellites provide globally consistent observations and the means to make simultaneous observations of diverse measurements that are essential for climate studies. They supply high-accuracy global observations of the atmosphere, ocean, and land surface that cannot be acquired by any other method. Satellite instruments supply accurate measurements on a near-daily basis for long periods and across broad geographic regions. They can reveal global patterns that ground or air sensors would be unable to detect—as in the case of data from NASA satellites that showed us the amount of pollution arriving in North America from Asia as equal to 15 percent of local emissions of the United States and Canada. This sort of data is crucial to effective management of emissions—the United States, for example, could put in place regulations to decrease emissions and find them neutralized by pollution from other regions. 15 Satellites allow us to monitor the pattern of ice-sheet thickening and thinning. While Arctic ice once increased a few centimeters every year, it now melts at a rate of more than one meter annually. This knowledge would not exist without satellite laser altimetry from NASA’s ICESat satellite. 16 Satellite observations serve an indispensable role—they have provided unprecedented knowledge of inaccessible regions. Of the 44 essential climate variables (ECV) recognized as necessary to support the needs of the parties to the UNFCCC for the purposes of the Convention, 26 depend on satellite observations. But deployments of new and replacement satellites have not kept pace with the termination of older systems. Innovation and investment in Earth observation technology have failed to keep pace with global needs for monitoring and verification. Much of our data comes from satellites put in orbit for other purposes, such as weather prediction and monitoring. The sensors on these weather satellites provide valuable data, but they are not optimized for monitoring climate change or for adequately assessing the effect of mitigation efforts. More precise and specialized data are needed to understand and predict climate change, and getting these data will require new orbital sensors. 

Warming leads to extinction – we’re approaching the red zone 
Archer et al, ‘8 – Archer lead the study and is a Professor of Geophysical Sciences @ U Chicago, Dozens of other participants, including NASA scientists, professors of Biology, etc. “Anthropogenic Climate Destabilization: A Worst-case Scenario,” Foundation for the Future, September, http://www.futurefoundation.org/documents/HUM_ExecSum_ClimateDestabilization.pdf. 

This summary intends – rather than to duplicate the existing assessments of the Intergovernmental Panel on Climate Change (IPCC), the Centre for Strategic & International Studies (CSIS), or other worthy studies and reports – to look beyond the time frames with which those efforts were, in general, concerned. Typically the Foundation, in its ongoing programs, attempts to consider the thousand-year future of humanity. The worst case in climate destabilization for the long term will result from either a “business as usual” mode of operation or from superficial mitigation efforts that do not radically address the problems. It encompasses both a series of catastrophic impacts to humanity and Planet Earth, and runaway behavior in a dynamic system. Though the catastrophic impacts occur in a number of specific arenas, they must be understood to interact with each other, often resulting in acceleration of effects. Replicable climate models indicate that the concentration of carbon dioxide in the Earth atmosphere may reach approximately 1,000 parts per million (ppm) by the end of the present century and remain above this level for thousands of years. At present, 400 to 600 ppm is considered a “red zone” of danger, and current levels are already approaching 400 ppm; in fact, one participant proposed that adding in CO2 equivalents puts current levels already at 445 to 450 ppm. Scientists believe that once the red zone has been entered, the planet will likely remain within or above the red zone range long enough that both the Greenland and Antarctic ice sheets will melt completely. Unlike the popular literature that suggests that CO2 in the atmosphere is a century-timescale issue, in fact, CO2 recovers on a timescale of 100,000 years. After an equilibration with the oceans, which itself requires a few centuries, there is still a remaining percentage that is neutralized only in reaction with rocks in a process requiring hundreds of thousands of years. Climate modeler Dr. Andrey Ganopolski said, “It should be borne in mind that present-day climate models do not tend to overestimate or exaggerate the magnitude of climate changes in the past. Instead, there is reason to consider climate model simulations as conservative.” Accordingly, it is doubtful that the model projection of 1,000 ppm should be dismissed as unlikely or lacking credence, even though it is understood that past climate changes are not a direct analog for the future. NASA risk assessment expert Dr. Feng Hsu pointed out that an implication of 1,000-ppm concentration of CO2 in the atmosphere, which is approximately two times or more over the tipping point, is clearly an unacceptable level of catastrophic risk that will likely lead to the extinction of humanity. This catastrophic end would be the consequence of either no global strategic adaptation measures for risk averting or ineffective mitigations in today’s human activities that affect CO2 levels in the atmosphere. The direct consequence of the increase of CO2 concentration in the atmosphere is rising temperatures on the globe. By the end of this century, global average temperatures will rise by more than 5 degrees Celsius, with regional rises of more than 10 degrees Celsius, and will continue to rise for centuries. In coming decades typical summer temperatures in Southern Europe and the United States can be expected to rise from 30 degrees to 40 degrees Celsius (105 degrees Fahrenheit). An early taste of this elevation of heat was the 40 degrees Celsius that was considered anomalous in the 2003 heat wave in Europe, when 15,000 deaths in France alone were directly attributable to the heat. Some natural cooling that might be expected from the natural progression of the Earth orbital cycles is not going to ameliorate the warming from fossil fuel CO2. Indirect effects of the increasing heat are also already evident on the globe. A recent study found that the maximum speed of the strongest hurricanes of the last 25 years increased by 5 meters per second per 1 degree of ocean warming. Since the power and destructive potential of hurricanes are proportional to the cube of velocity, a 50 percent increase in speed would imply a tripling increase of destructive potential. Presently a Category 3 hurricane has a maximum speed of 50 meters per second; a 50 percent increase to 75 meters per second raises the level to a Category 5 hurricane – the most severe category. It is likely that new categories for measuring hurricanes must be introduced, as well as new language, since Category 5 is now considered “catastrophic.” Sea levels will also be affected by rising temperatures as ice masses gradually disappear from the planet, melting into ocean and other water bodies. Scientifically based estimates suggest that sea level could rise by up to two meters during the present century, and increases will be measured in meters, not inches, over the next few centuries. Even a one-meter rise, which many scientists anticipate by 2100, will affect at least 150 million people, most of them in Asia, though North America will also experience significant flooding. If a large percentage of the population of Bangladesh is forced to move, where will those people go? A sea-level rise of 10 meters in coming centuries will affect about 500 million people and submerge 5 million kilometers of land, including loss of most of the Netherlands, to mention just one impacted region. When both the Greenland and Antarctic ice sheets have melted completely, sea levels will have increased by 70 meters. Even 3 degrees C of warming that persists for thousands of years will ultimately result in tens of meters of sea-level change. As mentioned, effects will vary from region to region; in fact, it is possible that some regions will experience rapid cooling at the same time as others record rapid heating. The Atlantic thermohaline circulation is a dangerous component of the climate system because it is capable of rapid reorganization resulting in abrupt climate change, with temperature shifts either up or down by as much as 10 degrees Celsius in a matter of decades. The melting of the ice sheets has an indirect impact on thermohaline circulation; however, it is not possible to say from modeling what the probability of a meridional overturn in circulation is, either in this century or subsequently. Water-related effects will also vary from region to region, with some areas experiencing extraordinary flooding while others see deep, longlasting droughts. David Wasdell, who uses a systems dynamics approach based not on modeling but on tracking complex feedback dynamics, said that climate stabilization is not about stopping catastrophic impacts but about stopping runaway behavior in a dynamic system, and he believes that the early stages of runaway climate changes have already commenced, with no naturally occurring negative feedback process able to contain the effect. Most of the systems are already in net amplifying feedback, so “the hotter the Earth gets, the faster it gets hotter,” he said. In order to deal with the worst case, humankind will have to generate a negative feedback intervention of sufficient power to overcome and reverse not just what has already occurred, but what continues to occur. The participants were generally in agreement that in the global heating now under way, the gap between energy received by the Earth from the Sun and energy radiated back out is running at approximately two watts per square meter, and the amount is increasing by about 25 percent per decade, under “business as usual.” There was, however, some disagreement about whether climate destabilization is already being accelerated by the feedbacks to a runaway status. However, three tipping points already passed, apparently irreversibly, were identified: (1) the pine bark beetles in northern United States and Canada. The winters are no longer cold enough to kill off the larvae of the beetle, which is killing vast areas of pine trees, adding yet more carbon to the atmosphere; (2) the acidification of the oceans, leading to massive changes in the lower part of the ocean food chain, and (3) the disappearance of the coral reefs in the Caribbean Sea due to increasing temperatures. Other indicators that climate change is already affecting ecosystems were also cited, including changes in hardiness zones for plants. Climate change has begun to affect human health worldwide, with the extent of impacts expected to increase with increasing climate change. Dr. Kristie Ebi, an independent consultant and a lead author for the IPCC Fourth Assessment Report on human health, has conducted research on the impacts of climate change for more than a dozen years. She stated: “I am more concerned about health impacts in the next few decades than later this century because the lack of current preparedness suggests that impacts may be larger in the short term, until programs and activities are implemented to increase resilience to extreme weather events and other changes projected to occur with climate change.” There are not enough people trained to cope with current climate variability, and funding for training and capacity-building is inadequate. Changing temperatures and precipitation patterns will alter ecosystems, as well as change the geographic range and intensity of transmission of a range of infectious diseases. At present approximately 150,000 people die every year due to climate change impacts; most of these deaths are in children under the age of five living in Africa and Asia. Worldwide, the major climate-sensitive health outcomes of concern are malnutrition, diarrheal disease, and malaria. Other health impacts to expect are increasing illnesses and deaths due to increases in the frequency and intensity of heat waves, flooding events, and other extreme weather events, increases in adverse health outcomes due to air pollution, and increases in the geographic range and incidence of a wide range of food-, water-, and vectorborne diseases. Sudden and severe declines in crop yields could lead to large numbers of refugees. In some areas, there is the possibility that climate change could affect the national security. In his inaugural speech, Sir Crispin Tickell emphasized that the real problems today are the speed of the change in climate and where the tipping points are, rather than the size of the change itself, and the wider perspective of global catastrophic risks in which climate change is only one of the problems.

SCENARIO FOUR IS MISCALUCATION

Loss of satellites due to debris causes US-China war 
UCS, ‘8. Union of Concerned Scientists, a collection of academics and professionals. “Space Debris from Anti-Satellite Weapons,” April, http://www.ucsusa.org/assets/documents/nwgs/debris-in-brief-factsheet.pdf. 

Debris in low Earth orbit travels 30 times faster than a commercial jet aircraft. At these speeds, pieces of debris  larger than 1 cm (half an inch) can severely damage or destroy a satellite, and it is not possible to shield  effectively against debris of this size.   The Chinese destruction of a relatively small satellite roughly doubled the debris threat to satellites in the most  heavily used part of LEO. Fortunately, the debris threat to satellites is still relatively small, but continued  testing of destructive ASAT weapons against satellites, or their use against several large satellites in a conflict,  could result in a much higher risk.   ASAT weapons could therefore significantly increase the cost of using space, and could hinder using regions of  space that today are widely used for a range of purposes. Beyond that, the sudden loss of a satellite due to  debris during a crisis could remove important capabilities, or could lead to dangerous reactions and the  escalation of the crisis, especially if the adversary was known to have an ASAT capability.  

Two reasons the crisis won’t be contained – 
First is C2 – Chinese command and control failure and pre-delegation ensure crisis 

Chase, ‘9 [Michael, Andrew & Christopher, assistant professor in the Strategy and Policy Department at the US Naval War College, Assistant Professor China Maritime Studies Institute (CMSI), “Chinese Theater and Strategic Missile Force Modernization and its Implications for the United States” The Journal of Strategic Studies, 32:1, February 2009] 

Fourth, the transition to land-mobile and sea-based systems will introduce new C2 challenges for the Second Artillery and PLAN. While the addition of such mobile strategic forces allows for significantly enhanced survivability, thereby assuring second-strike capability, such fully-mated, alert forces are an entirely new command and control challenge for the PLA. The risks during crisis of such C2 nightmares as inadvertent launch, unauthorized launch, and terrorist (or special forces) overrun will become operational concerns for all PLA forces in which alert forces are postured. Both out-of-garrison exercises for roadmobile, nuclear strategic missiles and extended ‘deterrent patrols’ for Type 094 SSBNs will carry with them risks of accidents, as well. While the United States and Russia have long experience with alert forces and the need for exceedingly reliable C2, China’s C2 will now be challenged to cope with an entirely differently postured and composed nuclear force. The possibilities of misstep during the next decade of force posture transition, whether in peacetime or crisis, are much enhanced and the potential ramifications severe. Moreover, though conventional wisdom holds that the CMC would be highly unlikely to pre-delegate release authority of nuclear weapons, similar conventional wisdom was proved wrong in the case of the former Soviet Union. Any such preplanned operational flexibility or pre-delegation could give rise to an extremely unstable situation in a crisis. Another potential complication could arise following the resolution of a US–China crisis. China would need to return its alert forces to a dealerted state without making them vulnerable to a US preemptive strike. The de-escalatory transition from an alert posture to a de-alerted state is seen as a window of high vulnerability, particularly for smaller nuclear powers.151 

Second is war games – they confirm escalation is uniquely likely in a US-China ASAT crisis 

Lewis, ‘7 [Jeffery, Research Fellow at the University of Maryland School of Public Policy's Center for International and Security Studies, “Minimum Means of Reprisal: China's Search for Security in the Nuclear Age” March, 2007] 

The history of U.S. alert operations suggests that alert operations have an inherent escalatory potential. In a study of the four U.S.  DEF - CON -3 or higher alerts, Scott Sagan found that orders were frequently misunderstood and that ambiguous events were misinterpreted to con-firm the sense of crisis. Recognizing that the potential for escalation pro-vides some deterrent benefit, Sagan nonetheless concluded that policy-makers must remain aware that “keeping the alert at the desired level will be extremely difficult, and the degree of further grave escalation uncer-tain.” 85 The inherent risk in alert operations is captured by John F. Kennedy’s sardonic remark, upon learning that a U2 had strayed over Soviet airspace during the Cuban Missile Crisis: “There’s always some son-of-a-bitch who doesn’t get the message.” 86 A Naval War College exercise, held from August 14 to August 25, 2000, suggests one possible cataclysmic result from alert operations dur-ing a crisis, particularly in the presence of anti-satellite weapons. Accord-ing to press accounts, “Red”—a large Asian nation with over a billion people—was conducting large-scale military exercises that “Blue” believed were a prelude to an attack on “Brown,” an island neighbor to Red and a U.S. ally. Red strategic forces were configured to rely on ground-based lasers to target extensive Blue space assets that are necessary for coercive, strategic strikes. During these exercises, the commander of the Blue Forces became concerned that Red was readying its ground-based lasers for use against Blue satellites. Although press reports do not indicate whether Red had also dispersed mobile ballistic missiles in this scenario, dispersal might be seen as equally hostile. Fearing the loss of important space assets, the Blue commander ordered a  limited preemptive strike—using a fleet of Common Aero Vehicles deployed in space—against suspected ground-based laser sites inside Red territory. At the same time, he refrained from striking other targets, “rationalizing that the pre emptive strike was only protecting high-value space assets, not initiating hostili-ties.” 88 Limited strikes such as this have been discussed as one possible option for U.S. strategic forces in a crisis. The Defense Science Board, for example, rejected a full-scale effort to disarm either Russia or China in a crisis, but concluded that “the United States might seek to eliminate a portion of the  WMD capability most threatening to a particular regional operation or ally.” These targets could include not just anti-satellite weapons, but perhaps mobile ballistic missile shelters or selected com-mand-and-control facilities. The Blue Team was stunned when Red viewed the strike on targets deep inside its territory as an act of war and retaliated—causing a general war. One flabbergasted Blue participant, sounding not completely con-vinced of what had just happened, reportedly explained: “We thought these preemptive strikes might very well have stopped the crisis situation. But there were some who had a different point of view—that the strikes may have been provocative.” 89  It is important to note that China’s ability to disperse mobile ballistic missiles or conduct counter space operations need not be effective to be destabilizing. The natural tendency of defense planners is to assume the worst. Although Blue claimed after the game that it had acted on an “unambiguous warning” of a threat to space assets, even a relatively small risk of anti-nuclear deterrence operations undermining U.S. freedom of action might create a strong incentive to use U.S. space-based systems before they are lost. 87 

Also, space debris causes nuclear war with Russia – their Early Warning System will mistake a collision and panic 

Lewis, ‘4 – postdoctoral fellow in the Advanced Metods of Cooperative Study Program; worked in the office of the Undersecretary of Defense for Policy [Jeffrey, Center for Defense Information, “What if Space were Weaponized?” July 2004, http://www.cdi.org/PDFs/scenarios.pdf]

This is the second of two scenarios that consider how U.S. space weapons might create incentives for America’s opponents to behave in dangerous ways. The previous scenario looked at the systemic risk of accidents that could arise from keeping nuclear weapons on high alert to guard against a space weapons attack. This section focuses on the risk that a single accident in space, such as a piece of space debris striking a Russian early-warning satellite, might be the catalyst for an accidental nuclear war. As we have noted in an earlier section, the United States canceled its own ASAT program in the 1980s over concerns that the deployment of these weapons might be deeply destabiliz- ing. For all the talk about a “new relationship” between the United States and Russia, both sides retain thousands of nuclear forces on alert and con•gured to •ght a nuclear war. When briefed about the size and status of U.S. nuclear forces, President George W. Bush reportedly asked “What do we need all these weapons for?”43 The answer, as it was during the Cold War, is that the forces remain on alert to conduct a number of possible contingencies, including a nuclear strike against Russia. This fact, of course, is not lost on the Rus- sian leadership, which has been increasing its reliance on nuclear weapons to compensate for the country’s declining military might. In the mid-1990s, Russia dropped its pledge to refrain from the “•rst use” of nuclear weapons and conducted a series of exercises in which Russian nuclear forces prepared to use nuclear weapons to repel a NATO invasion. In October 2003, Russian Defense Minister Sergei Ivanov reiter- ated that Moscow might use nuclear weapons “preemptively” in any number of contingencies, including a NATO attack.44 So, it remains business as usual with U.S. and Russian nuclear forces. And business as usual includes the occasional false alarm of a nuclear attack. There have been several of these incidents over the years. In September 1983, as a relatively new Soviet early-warning satellite moved into position to monitor U.S. missile •elds in North Dakota, the sun lined up in just such a way as to fool the Russian satellite into reporting that half a dozen U.S. missiles had been launched at the Soviet Union. Perhaps mindful that a brand new satel- lite might malfunction, the of•cer in charge of the command center that monitored data from the early-warning satellites refused to pass the alert to his superiors. He reportedly explained his caution by saying: “When people start a war, they don’t start it with only •ve missiles. You can do little damage with just •ve missiles.”45 In January 1995, Norwegian scientists launched a sounding rocket on a trajectory similar to one that a U.S. Trident missile might take if it were launched to blind Russian radars with a high altitude nuclear detonation. The incident was apparently serious enough that, the next day, Russian President Boris Yeltsin stated that he had activated his “nuclear football” – a device that allows the Russian president to communicate with his military advisors and review his options for launching his arsenal. In this case, the Russian early-warning satellites could clearly see that no attack was under way and the crisis passed without incident.46 In both cases, Russian observers were con•-dent that what appeared to be a “small” attack was not a fragmentary picture of a much larger one. In the case of the Norwegian sounding rocket, space-based sensors played a crucial role in assuring the Russian leadership that it was not under attack. The Russian command sys-tem, however, is no longer able to provide such reliable, early warning. The dissolution of the Soviet Union cost Moscow several radar stations in newly independent states, creating “attack cor-ridors” through which Moscow could not see an attack launched by U.S. nuclear submarines.47 Further, Russia’s constellation of early-warn-ing satellites has been allowed to decline – only one or two of the six satellites remain operational, leaving Russia with early warning for only six hours a day. Russia is attempting to reconstitute its constellation of early-warning satellites, with several launches planned in the next few years. But Russia will still have limited warning and will depend heavily on its space-based systems to provide warning of an American attack.48 As the previous section explained, the Penta- gon is contemplating military missions in space that will improve U.S. ability to cripple Russian nuclear forces in a crisis before they can execute an attack on the United States. Anti-satellite weapons, in this scenario, would blind Russian reconnaissance and warning satellites and knock out communications satellites. Such strikes might be the prelude to a full-scale attack, or a limited ef- fort, as attempted in a war game at Schriever Air Force Base, to conduct “early deterrence strikes” to signal U.S. resolve and control escalation.49 By 2010, the United States may, in fact, have an arsenal of ASATs (perhaps even on orbit 24/7) ready to conduct these kinds of missions – to coerce opponents and, if necessary, support preemptive attacks. Moscow would certainly have to worry that these ASATs could be used in conjunction with other space-enabled systems – for example, long-range strike systems that could attack targets in less than 90 minutes – to disable Russia’s nuclear deterrent before the Rus- sian leadership understood what was going on. What would happen if a piece of space debris were to disable a Russian early-warning satel-lite under these conditions? Could the Russian military distinguish between an accident in space and the •rst phase of a U.S. attack? Most Russian early-warning satellites are in elliptical Molniya orbits (a few are in GEO) and thus dif•cult to attack from the ground or air.  At a minimum, Moscow would probably have some tactical warn-ing of such a suspicious launch, but given the sorry state of Russia’s warning, optical imaging and signals intelligence satellites there is reason to ask the question. Further, the advent of U.S. on-orbit ASATs, as now envisioned50 could make both the more dif•cult orbital plane and any warning systems moot. The unpleasant truth is that the Russians likely would have to make a judgment call. No state has the ability to de•nitively deter-mine the cause of the satellite’s failure. Even the United States does not maintain (nor is it likely to have in place by 2010) a sophisticated space surveillance system that would allow it to distin- guish between a satellite malfunction, a debris strike or a deliberate attack – and Russian space surveillance capabilities are much more limited by comparison. Even the risk assessments for col-lision with debris are speculative, particularly for the unique orbits in which Russian early-warning satellites operate. During peacetime, it is easy to imagine that the Russians would conclude that the loss of a satellite was either a malfunction or a debris strike. But how con•dent could U.S. planners be that the Russians would be so calm if the accident in space occurred in tandem with a second false alarm, or occurred during the middle of a crisis? What might happen if the debris strike oc-curred shortly after a false alarm showing a mis-sile launch? False alarms are appallingly common – according to information obtained under the Freedom of Information Act, the U.S.-Canadian North American Aerospace Defense Command (NORAD) experienced 1,172 “moderately seri-ous” false alarms between 1977 and 1983 – an average of almost three false alarms per week. Comparable information is not available about the Russian system, but there is no reason to believe that it is any more reliable.51 Assessing the likelihood of these sorts of co- incidences is dif•cult because Russia has never provided data about the frequency or duration of false alarms; nor indicated how seriously early- warning data is taken by Russian leaders. More- over, there is no reliable estimate of the debris risk for Russian satellites in highly elliptical orbits.52 The important point, however, is that such a coincidence would only appear suspicious if the United States were in the business of disabling satellites – in other words, there is much less risk if Washington does not develop ASATs. The loss of an early-warning satellite could look rather ominous if it occurred during a period of major tension in the relationship. While NATO no longer sees Russia as much of a threat, the same cannot be said of the converse. Despite the warm talk, Russian leaders remain wary of NATO expansion, particularly the effect expan- sion may have on the Baltic port of Kaliningrad. Although part of Russia, Kaliningrad is separated from the rest of Russia by Lithuania and Poland. Russia has already complained about its decreas- ing lack of access to the port, particularly the uncooperative attitude of the Lithuanian govern- ment.53 News reports suggest that an edgy Russia may have moved tactical nuclear weapons into the enclave.54 If the Lithuanian government were to close access to Kaliningrad in a •t of pique, this would trigger a major crisis between NATO and Russia. Under these circumstances, the loss of an early-warning satellite would be extremely suspi-cious. It is any military’s nature during a crisis to interpret events in their worst-case light. For ex- ample, consider the coincidences that occurred in early September 1956, during the extraordinarily tense period in international relations marked by the Suez Crisis and Hungarian uprising.55 On one evening the White House received messages indicating: 1. the Turkish Air Force had gone on alert in response to unidenti•ed aircraft penetrat- ing its airspace; 2. one hundred Soviet MiG-15s were •ying over Syria; 3. a British Canberra bomber had been shot down over Syria, most likely by a MiG; and 4. The Russian •eet was moving through the Dardanelles. Gen. Andrew Goodpaster was reported to have worried that the con•uence of events “might trigger off … the NATO operations plan” that called for a nuclear strike on the Soviet Union. Yet, all of these reports were false. The “jets” over Turkey were a •ock of swans; the Soviet MiGs over Syria were a smaller, routine escort returning the president from a state visit to Mos- cow; the bomber crashed due to mechanical dif•culties; and the Soviet •eet was beginning long-scheduled exercises. In an important sense, these were not “coincidences” but rather different manifestations of a common failure – human er- ror resulting from extreme tension of an interna- tional crisis. As one author noted, “The detection and misinterpretation of these events, against the context of world tensions from Hungary and Suez, was the •rst major example of how the size and complexity of worldwide electronic warning systems could, at certain critical times, create momentum of its own.” Perhaps most worrisome, the United States might be blithely unaware of the degree to which the Russians were concerned about its actions and inadvertently escalate a crisis. During the early 1980s, the Soviet Union suffered a major “war scare” during which time its leadership concluded that bilateral relations were rapidly declining. This war scare was driven in part by the rhetoric of the Reagan administration, forti•ed by the selective reading of intelligence. During this period, NATO conducted a major command post exercise, Able Archer, that caused some elements of the Soviet military to raise their alert status. American of•cials were stunned to learn, after the fact, that the Kremlin had been acutely nervous about an American •rst strike during this period.56 All of these incidents have a common theme – that confidence is often the difference between war and peace. In times of crisis, false alarms can have a momentum of their own. As in the second scenario in this monograph, the lesson is that commanders rely on the steady •ow of reli-able information. When that information flow is disrupted – whether by a deliberate attack or an accident – confidence collapses and the re- sult is panic and escalation. Introducing ASAT weapons into this mix is all the more dangerous, because such weapons target the elements of the command system that keep leaders aware, informed and in control. As a result, the mere presence of such weapons is corrosive to the con•dence that allows national nuclear forces to operate safely. 
That causes extinction 

Ira Helfand, M.D., and John O. Pastore, M.D., ‘9 – Past presidents of Physicians for Social Responsibility. “U.S.-Russia nuclear war still a threat,” 3-31, http://www.projo.com/opinion/contributors/content/CT_pastoreline_03-31-09_EODSCAO_v15.bbdf23.html.
Since the end of the Cold War, many have acted as though the danger of nuclear war has ended. It has not. There remain in the world more than 20,000 nuclear weapons. Alarmingly, more than 2,000 of these weapons in the U.S. and Russian arsenals remain on ready-alert status, commonly known as hair-trigger alert. They can be fired within five minutes and reach targets in the other country 30 minutes later.  Just one of these weapons can destroy a city. A war involving a substantial number would cause devastation on a scale unprecedented in human history. A study conducted by Physicians for Social Responsibility in 2002 showed that if only 500 of the Russian weapons on high alert exploded over our cities, 100 million Americans would die in the first 30 minutes.  An attack of this magnitude also would destroy the entire economic, communications and transportation infrastructure on which we all depend. Those who survived the initial attack would inhabit a nightmare landscape with huge swaths of the country blanketed with radioactive fallout and epidemic diseases rampant. They would have no food, no fuel, no electricity, no medicine, and certainly no organized health care. In the following months it is likely the vast majority of the U.S. population would die.  Recent studies by the eminent climatologists Toon and Robock have shown that such a war would have a huge and immediate impact on climate world wide. If all of the warheads in the U.S. and Russian strategic arsenals were drawn into the conflict, the firestorms they caused would loft 180 million tons of soot and debris into the upper atmosphere — blotting out the sun. Temperatures across the globe would fall an average of 18 degrees Fahrenheit to levels not seen on earth since the depth of the last ice age, 18,000 years ago. Agriculture would stop, eco-systems would collapse, and many species, including perhaps our own, would become extinct.  It is common to discuss nuclear war as a low-probabillity event. But is this true? We know of five occcasions during the last 30 years when either the U.S. or Russia believed it was under attack and prepared a counter-attack. The most recent of these near misses occurred after the end of the Cold War on Jan. 25, 1995, when the Russians mistook a U.S. weather rocket launched from Norway for a possible attack.  Jan. 25, 1995, was an ordinary day with no major crisis involving the U.S. and Russia. But, unknown to almost every inhabitant on the planet, a misunderstanding led to the potential for a nuclear war. The ready alert status of nuclear weapons that existed in 1995 remains in place today.  The nuclear danger will not pass until the U.S. and Russia lead the other nuclear states to a Nuclear Weapons Convention that seeks to abolish these weapons forever. As a critical first step the U.S. and Russia must take their weapons off ready-alert status. Presidents Obama and Medvedev can do this on their own by executive order. 
SCENARIO FIVE IS CRISIS ESCALATION – we’ll isolate four internal links 
a. Satellites prevent warfare by making it impossible to sneak across borders 
Dunstan & Szoka, ‘9 – James Dunstan practices space and technology law at Garvey Schubert Barer.  Berin Szoka is a Senior Fellow at The Progress & Freedom Foundation, a Director of the Space Frontier Foundation, and member of the FAA’s Commercial Space Transportation Advisory Committee. “Beware Of Space Junk: Global Warming Isn’t the Only Major Environmental Problem,” Tech Liberation Front (TLF), http://techliberation.com/2009/12/18/beware-of-space-junk-global-warming-isnt-the-only-major-environmental-problem/. 

As world leaders meet in Copenhagen to consider drastic carbon emission restrictions that could require large-scale de-industrialization, experts gathered last week just outside Washington, D.C. to discuss another environmental problem:  Space junk.[1] Unlike with climate change, there’s no difference of scientific opinion about this problem—orbital debris counts increased 13% in 2009 alone, with the catalog of tracked objects swelling to 20,000, and estimates of over 300,000 objects in total; most too small to see and all racing around the Earth at over 17,500 miles per hour.  Those are speeding bullets, some the size of school buses, and all capable of knocking out a satellite or manned vehicle.  At stake are much more than the $200 billion a year satellite and launch industries and jobs that depend on them.  Satellites connect the remotest locations in the world; guide us down unfamiliar roads; allow Internet users to view their homes from space; discourage war by making it impossible to hide armies on another country’s borders; are utterly indispensable to American troops in the field; and play a critical role in monitoring climate change and other environmental problems.  Orbital debris could block all these benefits for centuries, and prevent us from developing clean energy sources like space solar power satellites, exploring our Solar System and some day making humanity a multi-planetary civilization capable of surviving true climatic catastrophes. 

b. Recon and surveillance are vital to mutual deterrence, preventing extinction 

Jinyuan Su, 10 – The Silk Road Institute of International Law, School of Law, Xi'an Jiaotong University, China and Visiting Fellow, The Lauterpacht Centre for International Law, University of Cambridge, UK. “The “peaceful purposes” principle in outer space and the Russia-China PPWT Proposal,”  PDF. 

Nothing of what the states now possess in outer space will be affected in anyway. On the contrary, the main purpose of PPWT is to assure that safety and security of outer space assets is guaranteed. This fully applies to the satellites which provide information services in the interests of national defence of the states.54 In times of peace, such uses as reconnaissance and surveillance produce an important military/political condition of mutual deterrence, with its ultimate valuing of human survival,55 and lessen the possibility of one country surprising the other by aggressive activity, particularly the launching of strategic missiles.56 In times of armed conflicts, the military force-multiplier functions such as communications and global positioning have actually furthered the purposes of humanitarian law by promoting precision and reducing casualties. In the First Gulf War, GPS was credited with increasing the accuracy of coalition force weapons fire, which resulted in fewer civilian casualties and friendly fire shootings, which in turn helped to maintain US public support for the campaign.57 Meanwhile, the PPWT does not prohibit ballistic missiles which, by temporarily flying through outer space before returning to the atmosphere, do not qualify as being “placed” in outer space.58 Neither are terrestrial-based missile defense-related weapons constrained or limited in terms of research, development, testing, production, storage, deployment or operations.59 
c. It’s try or die – debris threats rise exponentially 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

Dr. Johnson has projected the growth of debris over time if no mitigation action is taken. In addition, he has used the data to forecast the impact of debris mitigation efforts beginning in the year 2020 assuming that 5, 10, and 20 pieces of debris are eliminated yearly beginning in 2020. Based on this data, Figure 1 portrays the estimated numbers of anticipated collisions by year based on varied levels of mitigation. The top, solid line (thickest) shows projected collision numbers if no mitigation effort is made. Although the number does not seem too alarming at first, eventually expected collisions begin to rise exponentially. However, if a significant effort is made to remove debris, even though space activity increases dramatically, the risk of collision remains virtually the same as current levels. Analysis If the orbital debris population remained as it is today with no additional space operations, the level of fragmentation in Earth’s orbit would continue to escalate exponentially. Dr. Nicholas Johnson, chief scientist for orbital debris for NASA at the Johnson Space Center, has modeled future orbital debris scenarios based on non-mitigation over a 5, 10, and 20 year period compared to the removal of one to five pieces of debris beginning in the year 2020. This paper, co-authored by J.-C. Liou and titled “A Sensitivity Study of the Effectiveness of Active Debris Removal in LEO,” suggests that the orbital debris population can be effectively addressed by simply removing five objects per year starting in the year 2020
d. Delay makes it impossible to solve 

David, ’10 – Leonard, has reported on the space industry for more than five decades. Fmr  editor-in-chief of the National Space Society's Ad Astra and Space World magazines and has written for SPACE.com (99-Now). “A Real Mess in Orbit: Space Junk to Hang Around Longer Than Expected,” Space.com, http://www.space.com/8875-real-mess-orbit-space-junk-hang-longer-expected.html. 

"The key point is that when we start removing large objects, it will take a lot of time and a lot of removals to prevent a few collisions ? or else we will have to come up with a better means to pick them," said Darren McKnight, technical director at Integrity Applications Incorporated in Chantilly, Va.  "Unfortunately, once the hazard is unacceptable and the impetus is created for action, it will likely take years for the active debris removal systems to be developed, tested and proven operationally effective," McKnight told SPACE.com. "In addition, it will take even longer for the associated incentive, regulatory, and policy formulations to evolve."  In McKnight's view, debris removal is a "Pay me now or pay me more later" proposition.  "That is where we are right now. There is insufficient hazard for an individual operator to perform debris removal, based on the hazard to an individual satellite. But the overall environmental stability is clearly at a state where continued lack of action will make the problem harder and more expensive to deal with at some point," McKnight said. 
THUS THE PLAN – The United States federal government should deploy ground-based lasers to destroy space debris from 1-10 centimeters in diameter. 
Ground-based lasers solve small debris 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

The Orion study concluded that removing debris 1-10 cm in diameter from LEO is technically feasible in the near term. The study showed that debris removal with the Orion laser concept is less expensive than increasing the shielding of the ISS from 1 cm to 2 cm. There are some disagreements as to the abilities of adaptive optics to illuminate debris, so further analysis or a demonstration is needed. A physical demonstration within Orion parameters would provide proof of concept. There should also be serious consideration given to including more recent laser technology advances such as the Mercury Laser as possible removal mechanisms. Ongoing work such as the IAA study and the IAP/Quantron/IPIE workgroup on debris removal techniques should provide updated cost numbers and give a better indication of the technical feasibility of a ground-based laser system. Ground-based lasers were given an 8.0 rating in our analysis based on relatively low operating costs and ability to remove a large number of small debris in a short amount of time. At present, there is not enough damage caused to satellites in orbit due to debris to justify the costs of building a full-scale debris removal system. However, if debris models are determined to be overly optimistic with respect to natural de-orbiting of debris or debris-causing events such as the Chinese ASAT test continue to occur, a GBL is a feasible way to eliminate debris. A GBL is far less expensive to implement than including enhanced shielding on space objects. Although the Orion laser can be tested with government-furnished equipment, international cooperation should be strongly encouraged in developing a full-scale debris removal system. For example, the Russians have made significant progress in Orion-type technologies and “are eager to apply these to an international project.”184

Small debris is the critical internal link 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

The most dangerous pieces of space debris are those ranging in diameter from one to ten centimeters, of which there are roughly 300,000 in orbit. These are large enough to cause serious damage, yet current sensor networks cannot track them and there is no practical method for shielding spacecraft against them. Consequently, this class of orbital debris poses an invisible threat to operating satellites (Wright 2007, 36). Debris larger than ten centimeters, of which there are roughly 19,000 in orbit, can also incapacitate satellites but they are large enough to be tracked and thus potentially avoided. Debris smaller than one centimeter, in contrast, cannot be tracked or avoided, but can be protected against by using relatively simple shielding (Wright 2007, 36). 
ONLY the U.S. solves – several reasons 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

As previously discussed, a recent NASA study found that annually removing as little as five massive pieces of debris in critical orbits could significantly stabilize the long-term space debris environment (Liou and Johnson 2007). This suggests that it is feasible for one nation to unilaterally develop and deploy an effective debris removal system. As the United States is responsible for creating much of the debris in Earth’s orbit, it is a candidate for taking a leadership role in removing it, along with other heavy polluters of the space environment such as China and Russia. There are several reasons why the United States should take this leadership role, rather than China or Russia. First and foremost, the United States would be hardest hit by the loss of satellites services. It owns about half of the roughly 800 operating satellites in orbit and its military is significantly more dependent upon them than any other entity (Moore 2008). For example, GPS precision-guided munitions are a key component of the “new American way of war” (Dolman 2006, 163-165), which allows the United States to remain a globally dominant military power while also waging war in accordance with its political and ethical values by enabling faster, less costly war fighting with minimal collateral damage (Sheldon 2005). The U.S. Department of Defense recognized the need to protect U.S. satellite systems over ten years ago when it stated in its 1999 Space Policy that, “the ability to access and utilize space is a vital national interest because many of the activities conducted in the medium are critical to U.S. national security and economic well-being” (U.S. Department of Defense 1999, 6). Clearly, the United States has a vested interest in keeping the near-Earth space environment free from threats like space debris and thus assuring U.S. access to space. Moreover, current U.S. National Space Policy asserts that the United States will take a “leadership role” in space debris minimization. This could include the development, deployment, and demonstration of an effective space debris removal system to remove U.S. debris as well as that of other nations, upon their request. There could also be international political and economic advantages associated with being the first country to develop this revolutionary technology. However, there is always the danger of other nations simply benefiting from U.S. investment of its resources in this area. Thus, mechanisms should also be created to avoid a classic “free rider” situation. For example, techniques could be employed to ensure other countries either join in the effort later on or pay appropriate fees to the United States for removal services. 
Lasers vaporize debris without being perceived as offensive weaponization 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

Ground-based lasers (GBL) have been proposed as a solution to remove small debris (1-10 cm) in LEO. There are two main components to any laser removal system: a targeting system and the actual directed-energy device. With radar based tracking or high-sensitivity optics, debris of 1 cm diameter or greater can be detected and targeted. Once the debris has been located and targeted, it is hit with short pulses from a laser. The pulses vaporize or ablate a micro-thin layer of the object, causing plasma blow-off. The result is a dramatic change in the object’s orbit, lowering its perigee, reducing its orbital lifespan and allowing it to burn up in the earth’s atmosphere. Opponents of a GBL system may argue that it could be used as an anti-satellite weapon. A GBL system is designed for small debris and only ablates a few layers of molecules from the surface of the object. It would take months of dedicated operation to de-orbit even a medium-sized satellite. This approach does, however, have the potential to blind certain sensors on a satellite, but this effect can be avoided with proper operating procedures at the device location. 

Orion indicts don’t apply – new technological developments ensure critical asset protection 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

The most prominent study involving ground-based lasers for debris removal was co-sponsored by NASA and USAF Space Command and published in 1996. Deemed the Orion Study, after the mythological archer, it sought to determine the feasibility of using ground-based lasers to remove small debris from LEO. Sub-objective assessments included protecting the ISS and other assets in LEO to an 800 km altitude and protecting all Earth-orbiting assets to a 1500 km altitude. Any debris within the appropriate size would be targeted for removal. With the sensor and laser co-located, when the sensor detects the debris, the laser begins hitting it in short pulses. The study determined the optimum strategy was to target debris and cause re-entry in a single pass. The alternative was to hit the debris over multiple passes, which would require tracking the new orbit of the debris after it was hit by the laser initially, a much more complex procedure. The laser can begin firing when the debris rises to 30° above the horizon on an ascending pass and stops when it reaches the zenith.177 The Orion study suggested that a near term system could remove small debris at altitudes of up to 800 km. This capability would be sufficient to protect the International Space Station from debris 1-10 cm in diameter. At present, this debris cannot be tracked and the ISS lacks shielding against it in any case. Many remote sensing satellites are also found within this altitude and would benefit from removal of space debris up to this height. A longer term solution would entail a GBL system capable of removing debris up to 1500 km.178 See Appendix H – Orion Study Laser Removal Options for further details. A more recent examination of the Orion laser concept found that recent advances in picosecond (one trillionth of a second) laser systems make the Orion concept more feasible in that shorter pulses allow a laser with the same energy to exert more power on an object. The ability to use a lower energy laser also allows components to cool much faster and the laser can be fired much more frequently than a laser of similar power with longer pulses. The Mercury Laser, being developed at Lawrence Livermore National Lab (LNNL), is a short pulse Yb:S-FAP (Ytterbium:Strontium-Fluoroapatite) laser that could be used to accomplish Orion’s work. The Mercury Laser is currently being developed through LNNL’s Inertial Fusion Energy program aimed at producing a high pulse rate fusion storage laser. A systems study with a Mercury-type laser will give a better indication as to overall feasibility with respect to costs, risks, and benefits. A current proposal involving use of the Mercury laser focuses only on debris removal and does not address the tracking, targeting, and beam-directing challenges. 179 
***Lasers

Solvency 

Lasers are necessary and effective in reducing space debris – spills over to new tech that also solves

Campbell 2k – Colonel in the United States Air Force Reserve, scientist and advanced projects manager in the Advanced Projects Office of NASA
(Jonathan, “Using Lasers in Space”. December 2000. http://www.nss.org/resources/library/planetarydefense/2000-LaserOrbitalDebrisRemovalAndAsteroidDeflection-Campbell.pdf)

The use of space is vital for future economic and political power for many reasons. Since an impact from a meteorite, asteroid, or comet would he an unimaginable catastrophe, we have little choice but to deal with this threat. On a lesser scale, the threat of orbital debris to spacecraft raises important economic questions. While there are many risks with spaceflight, we must decide at what threshold the risks are too high and action is necessary. That threshold must balance the possible impact to the mission, resources available to accomplish that mission, and the technical arid cost feasibility of reducing that risk. In addition, that threshold must balance all of the risks that are associated with a mission. In other words, if there is a practical way to reduce risk, then it is probably prudent to do so. The purpose of this study is to describe one solution for reducing the risk posed by orbital debris. Presently, there are significant quantities of orbit debris in all sizes, altitudes, and inclinations. However, the debris ranges in size from the microscopic to several meters, including worn out satellites arid upper stages of rockets, and fortunately there are many more small objects than large ones. The typical closing velocities for a collision with orbital debris are on the order of 20,000 mph, which means that a collision with a satellite would likely end its useful service life at costs that exceed one billion dollars. With the technological state of the art in orbital debris protection, satellites can he effectively shielded against hypervelocity objects that are less than 1 cm in size. This shielding, however, is extremely expensive. For example, the cost of increasing the protection for critical modules on the Space Station from 1 cm to 2 cm has been calculated to be on the order of 100 million dollars for launch costs alone, not including research and development and manufacturing costs. For objects that are greater than 10-30 cm in size, the Space Station will rely on the Space Command tracking network to provide early warning. If an object will come too close to the station, it will maneuver to avoid it. But the total costs of this maneuvering system are substantive, and we should note that it will not provide absolute protection, principally because the Space Command could have difficulties in continuously tracking objects that are less than 30 cm in size. In the event of a solar flare, the tracking system may lose objects for days at a time. The reality is that there is no system in to protect against the approximately 150,000 objects that are in the range of 1-10 centimeters in size. Using the example of a ten n is ball that is approximately five centimeters; a hypervelocity collision between a tennis hall and a satellite will probably reduce that satellite into orbital debris. And it may have a cascading effect as many smaller objects produce orbital debris, which in turn increases the overall risk to objects in orbit. While the probability of a collision with an individual satellite is quite low, the probability of a collision occurring with in the, entire population of space assets is not as remote. An analysis suggests that with the current level of orbital debris and the sizes of satellites, the probability is that there will be one collision per year. And that loss could amount to billions of dollars. This is a global problem and will involve an international effort that is coordinated by the United Nations. No one project cannot redress this problem. Nor is it economically practical to shield each spacecraft and give it maneuvering capabilities. An elegant, cost effective, and feasible approach is to use laser technology to solve this problem. It is estimated that a single, ground- based laser facility that costs about $100 million and that operated near the equator could remove all orbital debris up to an altitude of 800 km in two years. Since satellites typically cost several hundred million and given the half billion price tags on shuttle and Titan launchers, this investment is relatively small given the potential losses of rockets. Furthermore, the development of this technology will stimulate other approaches, including laser power beaming, deflecting asteroids, meteoroids, and comets, and propulsion for interstellar missions. In closing, this study addressed a problem that the international community must resolve if we are to reduce the risk to spaceflight, and hence to economic progress, that is caused by orbital debris.
Lasers solve debris – are quick and cost effective

Campbell 2k – Colonel in the United States Air Force Reserve, scientist and advanced projects manager in the Advanced Projects Office of NASA
(Jonathan, “Using Lasers in Space”. December 2000. http://www.nss.org/resources/library/planetarydefense/2000-LaserOrbitalDebrisRemovalAndAsteroidDeflection-Campbell.pdf)

Orbital debris in tow-Earth orbit ranging in size from 1 to 10 centimeters (cm) in diameter, poses a significant problem for space vehicles.1 While this debris can he detected, it cannot he tracked with sufficient reliability to permit spacecraft to avoid these objects. Such debris can cause catastrophic damage even to a shielded spacecraft. Given the technological advances associated with adaptive optics, a ground-based pulsed laser could ablate or vaporize the surface of orbital debris, thereby producing enough cumulative thrust to cause debris to reenter the atmosphere. One laser facility could remove all of the one-ten centimeter debris in three years or less. This study proposes that the United States develop a technology demonstration of this laser space propulsion in order to implement a system for removing debris from earth orbit. The cost of this proposed demonstration is favorable in comparison with the typical costs [or spacecraft operations. 

Lasers clear space debris quickly and effectively – long term gains outweigh short term costs

Campbell 2k – Colonel in the United States Air Force Reserve, scientist and advanced projects manager in the Advanced Projects Office of NASA
(Jonathan, “Using Lasers in Space”. December 2000. http://www.nss.org/resources/library/planetarydefense/2000-LaserOrbitalDebrisRemovalAndAsteroidDeflection-Campbell.pdf)

We have demonstrated in the laboratory that laser energy can he used for propulsion on a wide range of uncooperative debris surfaces, and that spreading of a laser related to turbulence in the atmosphere can he overcome by adaptive optics. In this section, we will examine strategies for removing orbital debris with an ground-based pulsed laser. Let us assume a fairly difficult target, a 1-cm diameter Na/K sphere, of which there are believed to he tens of thousands from the leakage of a liquid metal reactor coolant in orbit. These targets are difficult because of their low area-to-mass ratios and the higher optimum intensity for a metal surface. The laser is taken to be a 1.06 µm, 20 kJ, 5 ns laser pulsed at 5 Hz. We assume the target is in a 500 km x 600 km elliptical orbit, and passes over the laser as it is between apogee and perigee. The effects of individual hits are shown in Figure 3 as a function of zenith angle. The single pulse effects on the perigee, apogee, and lifetime are small but significant. The effects are generally beneficial at positive zenith angles (target approaching the laser). In Figure 3 we exhibit the cumulative effect on the lifetime of engagements over zenith angle ranges. The final lifetime is plotted as a function of the starting zenith angle, assuming zero ending zenith angle. The initial lifetime of this target is about 171 days. An engagement that begins at 60 degrees reduces this to just 20 days and leaves the target in a 317 km by 595 km orbit. The figure shows the importance of firing at large zenith angles. At the larger angles, the apparent angular speed of the target is low, and there is time for more pulses than at smaller zenith angles. This and similar analyses show that all orbital debris in low earth orbit can he removed in one or more engagement’ consisting of pulses delivered by a single ground-based laser. The laser of this example is capable of removing debris up to 800 km in altitude in two or three years of operation. Technology Demonstration. The serious international concern over the orbital debris problem, when coupled with the evident feasibility and cost-effectiveness of debris removal by ground-based pulsed laser propulsion, has led to planning for the next step toward debris removal. The Orion report contained a suggestion for a technology demonstration in which a 120-J pulsed laser would he joined with a 3.5 m aperture telescope with tracking capability, such as the USAF Advanced Electro-Optical System (AEOS) under construction in Hawaii or the Starfire Optical Range (SOR) in New Mexico. Specially constructed targets, which would he deployed from the space shuttle, would have corner-cube reflectors or a UPS unit to return a strong signal for calibration tests. This demonstration would have a number of goals. Cost estimates for the technology demonstration are in the range of $13-28 million, which is comparable with the cost of a single flight of the least expensive orbital launch vehicle (Pegasus). The potential benefits, if the demonstration leads to an operational system, are saving tens of millions of dollars per year in expenses (increased shielding, damage control systems, and satellite replacements) related to orbital debris, and the accelerated development of other applications of laser space propulsion and laser power beaming.

Lasers are effective

Barty et. Al, in 2K9 -* The Chief Technology Officer for the National Ignition Facility and Photon Science Directorate at the Lawrence Livermore National Laboratory (10/31/09, Dr. Christopher P.J. Barty, contributing authors J.A. Caird, A.E. Erlandson, R. Beach, A.M. Rubenchik, “High Energy Laser for Space Debris Removal,” Lawrence Livermore National Laboratory, www.osti.gov/bridge/servlets/purl/967732-fSa6MU/967732.pdf)
The National Ignition Facility (NIF) and Photon Science Directorate at Lawrence Livermore National Laboratory (LLNL) has substantial relevant experience in the construction of high energy lasers, and more recently in the development of advanced high average power solid state lasers.1-3 We are currently developing new concepts for advanced solid state laser drivers for the Laser Inertial Fusion Energy (LIFE) application,4 and other high average power laser applications that could become central technologies for use in space debris removal. The debris population most readily addressed by our laser technology is that of 0.1-10 cm sized debris in low earth orbit (LEO). In this application, a ground based laser system would engage an orbiting target and slow it down by ablating material from its surface which leads to reentry into the atmosphere, as proposed by NASA’s ORION Project.5,6 The ORION concept of operations (CONOPS) is also described in general terms by Phipps.6 Key aspects of this approach include the need for high irradiance on target, 108 to 109 W/cm2, which favors short (i.e., picoseconds to nanoseconds) laser pulse durations and high energy per pulse (~> 10 kJ). Due to the target’s orbital velocity, the potential duration of engagement is only of order 100 seconds, so a high pulse repetition rate is also essential. The laser technology needed for this application did not exist when ORION was first proposed, but today, a unique combination of emerging technologies could create a path to enable deployment in the near future.3,4 

Medium powered lasers solve- multiple lasers can prevent collisions- more effective than other methods

Mason et al. 11- Researcher at the NASA Ames Research Center and Universities Space Research Association, 

(James, Jan Stupl, William Marshall, Creon Levitt, “Orbital Debris-Debris Collision Avoidance,” http://arxiv.org/PS_cache/arxiv/pdf/1103/1103.1690v1.pdf, March 11)

It is clear that the actual implementation of a laser debris-debris collision avoidance system requires further study. Assumptions regarding the debris objects properties need refinement and a detailed engineering analysis is necessary before a technology demonstration can be considered. However, this early stage feasibility analysis suggests that a near-polar facility with a 5 kW laser directed through a 1.5 m fast slewing telescope with adaptive optics can provide sufficient photon pressure on many low-Earth sun-synchronous debris fragments to substantially perturb their orbits over a few days. Additionally, the target acquisition and tracking process provides data to reduce the uncertainties of predicted conjunctions. The laser need only engage a given target until the risk has been reduced to an acceptable level through a combination of reduced orbital covariance and actual photon pressure perturbations. Our simulation results suggest that such a system would be able to prevent a significant proportion of debris-debris conjunctions. Simulation of the long term effect of the system on the debris population is necessary to confirm our suspicion that it can effectively reverse the Kessler syndrome at a lower cost relative to active debris removal (although quite complementary to it). The scheme requires launching nothing into space - except photons - and requires no on-orbit interaction - except photon pressure. It is thus less likely to create additional debris risk in comparison to most debris removal schemes. Eventually the concept may lead to an operational international system for shielding satellites and large debris objects from a majority of collisions as well as providing high accuracy debris tracking data and propellant-less station keeping for smallsats. 

A Low powered laser can prevent the cascade effect 

MSNBC 3/15 

(3/15/11, “Laser eyed to remove space junk,” MSNBC, http://cosmiclog.msnbc.msn.com/_news/2011/03/15/6275364-laser-eyed-to-remove-space-junk, JMN)
NASA-affiliated scientists have proposed using a low-powered, ground-based laser to nudge pieces of space debris off of collision courses with each other. The proposal, presented in a paper submitted to Advances in Space Research and posted to arXiv.org, is a low-cost solution to the growing problem of space junk. Most concepts — such as Japanese Space Agency proposal to use a giant fishing net to catch and remove debris in Earth orbit — require launching a satellite, which costs tens of millions of dollars. The ground-based laser "is almost certainly going to be an order of magnitude cheaper than launching a satellite," study lead author James Mason, a NASA contractor associated with the Universities Space Research Association, told me today. He and colleagues propose using a 5-kilowatt industrial laser — the same size used for industrial purposes such as cutting and welding in car factories — to nudge pieces debris off collision courses. They would shine the laser on a piece of debris for the first half of its pass over their line of sight. The photons in the laser have enough collective power to slightly nudge the object. Halfway through the pass, the team would analyze the piece of debris' orbit. If it needed a further nudge, it would be given on the subsequent pass. "Engaging during every pass for a few days is typically enough, depending on the target's size and mass," Mason said in an e-mail he sent to me and other reporters. The process can target several pieces of debris a day, provided only one is being illuminated with the laser at a time. The team suspects that if their system could be deployed today, they should be able to remove more debris than is created each year, addressing the problem identified by NASA scientist Donald Kessler in 1978 that more debris is created each year than de-orbits. Space debris is indeed a growing problem. According to the United States Strategic Command's catalog, more than 9,700 pieces of debris and 1,500 old rocket bodies are orbiting Earth. More than 17 percent of those pieces of debris, Mason pointed out, are from the accidental collision between the Iridium 33 and Cosmos 2251 satellites in January 2009. "Objects smaller than 10 centimeters are not tracked but some still have enough kinetic energy to destroy or severely damage satellites or even manned spacecraft," he said in the e-mail.

Lasers Solve Space Debris 

Rogers 97 

(Mark, Lieutenant colonel USAF, http://www.bibliotecapleyades.net/ciencia/ciencia_laser02a.htm#contents, “Lasers in Space,” November 1997, JMN) 

Space debris is an increasing problem due to the ever-growing number of defunct satellites, fragmented spacecraft, and spent rocket boosters. According to the New World Vistas study, there are about 300,000 pieces of debris, many in the LEO region.80 Natural debris such as small meteorites and dust also orbit the earth. The potentially high relative velocity of the debris makes the impact of even small debris on orbiting systems very serious. Using its globally distributed Space Surveillance Network (SSN), the Air Force maintains an extensive catalog of space objects that includes debris. However, ground-based radar and optical systems can only measure objects larger than about 10 centimeters. A concept that received high ranking by the Laser Mission Study team and one that aids space control role via the space surveillance mission is to catalogue space debris with space-based laser surveillance systems that locate, track, and potentially identify a much greater amount of debris. This includes smaller objects in the 1 to 10 cm range that pose a high risk.81 The concept could use one laser with a large beam divergence to obtain an optical reflection from the debris and a second, pulsed laser with small beam divergence (operating as a Doppler LIDAR) to measure the position and velocity of the debris. By varying the wavelength of the LIDAR, it might be possible to determine the composition of the debris or at least determine if it is natural or man-made debris. This information can be useful in removing the debris, a concept to be considered later. 
We need to knock space debris into the atmosphere for it to burn up

Dahl 10  (Sarah, Major, USAF “Is it time for space debris removal”, https://www.afresearch.org/skins/rims/q_mod_be0e99f3-fc56-4ccb-8dfe-670c0822a153/q_act_downloadpaper/q_obj_ebe8b7d6-fd6b-4522-8615-c350adc97d87/display.aspx?rs=enginespage) 
Currently, the most cost effective (although perhaps not the most efficient) way to remove debris in space is through natural decay due to atmospheric drag. “When debris hits a part of the atmosphere it loses velocity; this lowers its orbit and increases the probability of it encountering more atmospheric particles…slowly drawing the debris into the atmosphere where it burns up.” 74  However, this method is only possible for spacecraft and debris in LEO where a thin layer of atmosphere still exists, and the timeframe for de-orbiting depends on the altitude.  For debris located at less than 600 km, it can take several years before it reenters, however, it can take decades for objects at 800km and centuries for objects higher than 1000 km. 75 Thus, the speed of reentry is directly related to the altitude of the orbit. Figure 2 shows the number of tracked objects (about the size of a basketball or larger) that de-orbited back to Earth between the years 1957 and 2007. 76 As shown, around 100 to 200 large objects (the size of a basketball or larger) reenter the Earth each year due to atmospheric drag.

Removing Space Debris outside the atmosphere solves the problem

Dahl 10  (Sarah, Major, USAF “Is it time for space debris removal”, https://www.afresearch.org/skins/rims/q_mod_be0e99f3-fc56-4ccb-8dfe-670c0822a153/q_act_downloadpaper/q_obj_ebe8b7d6-fd6b-4522-8615-c350adc97d87/display.aspx?rs=enginespage) 
For spacecraft located at an altitude too high for natural decay and de-orbiting to occur within 25 years, the best way to remove them from the protected regions of LEO and GEO is to boost them to higher orbits (typically 300 km above GEO). For this procedure to be effective, it requires the voluntary participation of satellite operators, who could maintain the satellite’s position in orbit for three more months for the fuel required to boost it to 300 km out of GEO. However, it appears to be an effective means for removing spacecraft from these protected orbits, largely because of the stake to keep these areas hospitable for future space operations. Even the commercial industry is implementing this procedure. In 2007, “of the 12 satellites that reached the end of their operational life, 11 were moved to a graveyard orbit 300 km beyond GEO, although one was re-orbited too close to GEO…compares to 2006 when nine satellites were correctly reorbited, seven were reorbited too close and three were abandoned.” Although graveyard boosts is a viable option for removing nonoperational satellites and spacecraft at the completion of their mission, it obviously does not apply to the spacecraft fragments and 22 components that remain in orbit. Furthermore, it essentially kicks the can down the road in that it removes these spacecraft from the protected orbits but not from the space environment 

Tethers Solve space debris 

Dahl 10  (Sarah, Major, USAF “Is it time for space debris removal”, https://www.afresearch.org/skins/rims/q_mod_be0e99f3-fc56-4ccb-8dfe-670c0822a153/q_act_downloadpaper/q_obj_ebe8b7d6-fd6b-4522-8615-c350adc97d87/display.aspx?rs=enginespage) 
For spacecraft weighing more than 1000kg, an electrodynamic tether is a potential solution to assist with the removal of spacecraft in LEO at mission completion. This tether system consists of a conducting tether, a deployer, and the necessary control system and electronics to control the tether during deployment and operation. Essentially, the tether is a “long, flexible conductive cable…that moves through the magnetic field of the Earth.” While the satellite is operational, the tether is stored in the deployer and in sleep mode, performing periodic state of health checks on the satellite until either receiving the activation command to de-orbit the spacecraft or finding the satellite no longer operational after a state of health check. When activated, the conducting tether deploys and acts as an anchor to slow the satellite down by increasing the electromagnetic drag created by the Earth’s magnetic field, thus speeding up the de-orbiting process. “Because the tether system can utilize the currents and voltages generated by the tether to power itself, it is not reliant upon power from the host spacecraft.” If this capability proves technically feasible, spacecraft located between 775 and 950 km altitudes could de-orbit back to Earth in 11 to 18 days (as opposed to centuries), and 37 days if located at 1390 km (as opposed to 9,000 years). Industry is hoping to develop this system for less than $500,000. Estimates also show that this tether system will likely consist of one to two percent of the spacecraft’s mass (typically around 1000 to 2000 kg). When considering that it typically costs around $12,000 per kilogram of payload launched to LEO, it would likely add $120,000 to $480,000 to launch a spacecraft that includes this tether system capability. Thus, the estimated total cost to develop and launch this capability is less than one million dollars (per spacecraft). 23 Currently, Defense Advanced Research Projects Agency (DARPA) is funding a technology demonstration study to assess the feasibility of developing this capability. Although this may be a cost effective option for removing debris from LEO, it has yet to prove technically feasible. A 2006 IADC report concluded that, while ‘electrodynamic tethers have strong potential to become effective mitigation measures…various problems are still to be solved before this technique can be practically adopted.” One of the challenges is the assurance that this system will not create more space debris (either from the tether system breaking off the satellite or the collision with other debris and space assets while de-orbiting). 

Tethers solve Space Debris

Dahl 10  (Sarah, Major, USAF “Is it time for space debris removal”, https://www.afresearch.org/skins/rims/q_mod_be0e99f3-fc56-4ccb-8dfe-670c0822a153/q_act_downloadpaper/q_obj_ebe8b7d6-fd6b-4522-8615-c350adc97d87/display.aspx?rs=enginespage) 
For spacecraft weighing less than 1000 kg and orbiting at less than 850 km altitudes, a tape module is a potential solution to assist with the removal of spacecraft in LEO at mission completion. “The module is a pizza-box shaped unit, 30 cm x 30 cm x 2.5 cm.” Similar to the electrodynamic tether system, this module is attached to the spacecraft before it’s launched and remains in sleep mode until activated, at which time it deploys a conducting tape severalhundred meters out from the satellite. Once deployed, it creates aerodynamic and electrodynamic drag through interactions with the Earth’s magnetic field. Industry is hoping to develop this system for less than $100,000. Estimates also show that the mass of this module system is less than 3 kg. Using the same methodology to estimate launch costs for the tether system, it would likely add $36,000 to launch a spacecraft that includes this tape module capability. Thus, the estimated total cost to develop and launch this capability is around $136,000 (per spacecraft). Same technical challenges apply as discussed with the tether system 

Lasers Solve

Wilder 10 -  Lieutenant Commander, United States Navy B.S., University of South Alabama ( Benjamin, “ Power Beaming, Orbital Debris Removal, and other space application of a groud based free electron laser)

While Chapter V investigated the use of a ground-based FEL to extend the life of a satellite through power beaming, Chapter VI will discuss and evaluate the potential application of a high-powered FEL to accelerate the reentry of orbital debris or decrease the risk that they pose to operating spacecraft. There are four primary methods by which a laser could affect orbital debris. First, a laser could be utilized to aid in the detection of non-metallic debris, which is difficult to track with radar, through illumination and optical tracking. Second, a high-peak power laser could ablate a small portion of the surface material, creating a vectored velocity change to lower the perigee of the orbit. Third, a laser could break up the material into less massive pieces with more surface area. This method, however, generates a larger debris cloud and might only be used in lower orbits to ensure the break-up of objects during reentry or to alter the reentry trajectory to an uninhabited area, if possible. Fourth, the laser could be used to heat the debris sufficiently to melt and then boil some of the material. As the debris material boils away, it should be ejected almost isotropically away from the primary body, creating a larger cloud of smaller debris particles, the size of molecules, which pose no risk to spacecraft and de-orbit more rapidly. All of these methods would result in an increase in the atmospheric drag experienced by the debris, and, therefore, accelerate the orbital decay 

Laser Space Propulsion solves space debris 

Dahl 10  (Sarah, Major, USAF “Is it time for space debris removal”, https://www.afresearch.org/skins/rims/q_mod_be0e99f3-fc56-4ccb-8dfe-670c0822a153/q_act_downloadpaper/q_obj_ebe8b7d6-fd6b-4522-8615-c350adc97d87/display.aspx?rs=enginespage) 
Another possible solution for the removal of existing debris and fragmentation is through the laser space propulsion. An Orion study conducted by NASA and the USAF in 1996 concluded that it was technically feasible to develop a capability to remove debris in space using ground-based lasers. The team took into consideration the different materials in which space debris consists of (aluminum, carbon phenolic, sodium/potassium metal, steel, and multiplayer insulation) and proposed a technique that uses the surface material of the debris as a propellant to either send the debris to higher orbits or de-orbit back to Earth. “In essence, the intensity of the laser must be sufficiently great to cause the material on the surface of the object to form a vapor, which as this hot vapor expands imparts a force or thrust to the object.”

Lasers with targeting systems solve debris 

Rogers 97 (Mark, Lieutenant colonel USAF, http://www.bibliotecapleyades.net/ciencia/ciencia_laser02a.htm#contents, “Lasers in Space,” November 1997, JMN)

Remote sensing is a fairly mature technology area used for many applications.62 Space-based remote sensing, as part of the force enhancement mission area, has primarily used passive multi-spectral imaging to obtain information about terrestrial and near-surface locations. The false-color images taken from Landsat are a good example of using remote sensing for assessing crop and soil conditions on a global scale. The amount of data is substantial: 200 to 300 megabytes is required to store the digital data from one scene obtained with the 30 meter resolution thematic mapper on Landsat.63 Thus, the value of remote sensing is just coming into its own as computer hardware and software are developed to manipulate the massive amount of data in a timely manner. Active remote sensing using synthetic aperture radar is being developed in order to get around weather limitations in imaging systems.64 Radar penetrates light rain, haze, clouds, some tree canopies, and even the ground to shallow depths under the right circumstances. Lasers can also be used to gather information for remote sensing, with obvious military applications.65 The new trend is to use lasers from space to gather information,66 as the next three concepts illustrate. Active remote sensing can use lasers to gather information about remote locations by projecting a laser beam onto the target site and then gathering the weakly back-scattered or reflected light. The amplitude, polarization, and frequency of the back-scattered light can all be used to measure properties at the remote location. The AF Phillips Laboratory Lasers and Imaging Directorate has expertise in the area of multi-spectral and hyper-spectral imaging for remote sensing, and is now pursuing some of the active sensing concepts described below, such as measuring wind speeds from orbit. One approach, the differential absorption LIDAR (abbreviated as DIAL) system, sends two laser beams of different wavelengths through a region of air and looks for differences in absorption in the transmitted or back-scattered beams. Assuming the right wavelengths are used, DIAL systems can detect a wide variety of chemical compounds in the air. Some of the current DIAL systems are used to test for pollution. As shown in Figure 3, NASA has recently orbited a DIAL system, called the “Laser In-space Technology Experiment,” or LITE, in Space Shuttle Mission STS-64 to test the concept.67 The experiment used Nd:YAG lasers with nonlinear optical crystals to provide output energies of 500 mJ for the fundamental (1064 nm) and frequency-doubled (532 nm) beams and 160 mJ for the frequency-tripled output operating at 355 nm. The laser generated short, Q-switched pulses at a prf of 10 Hz. A one meter telescope collected the back-scattered light, using photomultiplier detectors for the 355 nm and 532 nm returns and a silicon avalanche photodiode to detect the 1064 nm light. The LITE package successfully probed the atmosphere over Los Angeles to determine effluent levels.68 It also measured the properties of clouds and aerosols in the stratosphere and troposphere. The important point about the LITE experiment for this paper is that the technology currently exists and was successfully demonstrated in a space environment. The resolution and timeliness would not meet current military requirements, but the concept has moved to the engineering stage. Thus, the AF should aggressively pursue space-based laser remote sensing to provide new, highly useful information to the operator.  

Remediation would eliminate the complete risk--our ev is specific to space debris

Baiocchi and Welser 2010--Dave, PhD and engineer and defense analyst at RAND; William,  MBA in business administration and management systems researcher at RAND 

(“Confronting Space Debris” RAND Corporation; pdf online @ http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)
By contrast, remediation aims to reverse events or stop undesired effects. Remediation is often achieved using a technical innovation to reverse undesired outcomes or eliminate undesired risks.1 For exam- ple, airports use X-ray machines, magnetometers, and microwave body scanners as part of their screening process. Remedies are often employed in reaction to something, and this has a few implications about their use. First, remedies are targeted reactions designed to address an event that has already occurred. Because remedies should have a targeted purpose, several remediation strategies may be needed to address the overall problem. Finally, remedies are often (but not always) employed after catastrophic events. For the specific case of space debris, mitigation refers to any action that slows or prevents the future growth of the debris population. Remediation is any action aimed at reducing or eliminating the population of existing space debris so as to avoid future catastrophe.

Satellite relocation solves--less expensive

Baiocchi and Welser 2010--Dave, PhD and engineer and defense analyst at RAND; William,  MBA in business administration and management systems researcher at RAND 

(“Confronting Space Debris” RAND Corporation; pdf online @ http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)
Set 1: Relocation Versus Elimination

An undesired object can be relocated such that it no longer poses a high risk, or it can be completely eliminated. For example, when an oil spill occurs, workers often attempt both relocation and elimination remediation techniques. Skimming techniques are used to remove oil from the ocean’s surface so that it may be relocated to a processing plant. In addition, the blameworthy party will plug the source of the spill to eliminate the flow of oil. The orbital debris problem is unique because either the debris object or the satellite could be relocated to avoid an expected collision. For example, a remedy could be deployed that removes the debris from the satellite’s path, or the satellite could avoid the debris by executing a collision avoidance maneuver (Johnson, 2010). In most cases, elimination is usually a more costly option, and the stakeholder community has to decide which option most appropriately meets its needs. This decision should be based on the community’s risk tolerance, as we discussed in Chapter Five.
Relocation solves--graveyard orbit

Baiocchi and Welser 2010--Dave, PhD and engineer and defense analyst at RAND; William, MBA in business administration and management systems researcher at RAND 

(“Confronting Space Debris” RAND Corporation; pdf online @ http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)
In one respect, orbital debris is actually an easier problem to remedy than oil spills because debris can simply be relocated instead of requiring complete elimination. The space community utilizes a socalled “graveyard orbit,” located several hundred kilometers outside the GEO belt, where some aging satellites are relocated before they lose attitude control. This orbit is far enough away as to not interfere with any operational satellites, and they will presumably only cause future conjunction concerns for satellites that are launched from Earth into deep space.3

GroundBased Lasers Solve

Ground based lasers are better than spacebased- quickest response time

Karl 06- engineer with NAFEMS  an independent, not-for-profit organisation that sets and maintains standards in computer-aided engineering analysis and, specifically, finite element analysis (FEA)

(Alexander, “ACTIVE REMOVAL OF SPACE DEBRIS – DISCUSSING TECHNICAL AND ECONOMICAL ISSUES ,” AIAA)

The ground based laser system appears to be more feasible and promoting since the power required to operate the laser in space would be far greater than most spacecraft, including the ISS, can generate and the time would not be enough it would take humans to detect and target an object coming over the horizon before it either hits or passes the craft [1, 16]. Although spaceborne nuclear powered lasers have been proposed [18] and automatic target systems are a possibility the highly complex nature of the spaceborne detection and tracking system in combination with the short time spans to react to a possible threat favour the ground based system further. In comparison, to plan and perform evasive maneuvers, the Shuttle requires 45 minutes warning in advance to gradually change the orbit so not to stress the structure of the Shuttle too much. [19] 

Ground Based Lasers are effective in stopping space debris. 

Dahl 10  (Sarah, Major, USAF “Is it time for space debris removal”, https://www.afresearch.org/skins/rims/q_mod_be0e99f3-fc56-4ccb-8dfe-670c0822a153/q_act_downloadpaper/q_obj_ebe8b7d6-fd6b-4522-8615-c350adc97d87/display.aspx?rs=enginespage) 
The optimal intensity of the laser energy depends on the material of the debris and the laser pulses’ duration to create 25 this propulsion. “This system would be effective against both metallic and nonmetallic targets in space, and could be effective against materials that are in higher orbital altitudes.” Although technically feasible, another study conducted in 2000 assessed whether it was cost effective. This study used the Iridium satellite system and the number of objects in LEO as a basis for their estimate. The $3.450 billion system is comprised of 66 satellites (each satellite being worth approximately $50 million), and the estimated amount of damage to satellites in this orbit was found to be $40M per year. The study concluded that one ground-based laser facility operating near the equator “could remove all orbital debris up to an altitude of 800 km in two years” for about $100 to 200M. The team also recommended a technical demonstration study to further this concept, but it is unknown at this time as to whether anything is underway to make this capability a reality. However, one of the challenges facing the employment of this solution would likely be the ground facility’s dependency with the tracking capabilities existing today. It would seem that for this ground-based laser facility to be effective, it would require dedicated and improved tracking capabilities to track debris smaller than 10-cm, which again, can still damage a satellite and create more debris). Thus, the costs associated with this solution may not truly include a system level approach to employment 

A Ground Based Laser would nudge small pieces of debris 

Cowen 3/22 

(Ron, Astronomy Writer for Scientific News, “Laser proposed to deflect space junk,” 3/22/11, http://www.sciencenews.org/view/generic/id/71534/description/Laser_proposed_to_deflect_space_junk_, JMN)

It won’t prevent Armageddon, but a simple ground-based laser system could nudge small pieces of space junk away from satellites to prevent collisions, a new study suggests. The proposed system uses photons generated by a medium-power laser and aimed into space through a 1.5-meter telescope. The photons exert pressure on space debris in low-Earth orbit, gently pushing the objects aside rather than vaporizing them. Researchers have applied the same idea, using the pressure from sunlight, to propel spacecraft (SN: 8/21/99, p. 120). James Mason of the Univzersities Space Research Association and NASA’s Ames Research Center in Mountain View, Calif., and his colleagues describe their system online at arXiv.org on March 10. The proposed device, which would cost a little over $10 million, could be ready for testing next year and fully operational a few years later. About 500,000 pieces of space debris centimeter-sized and larger reside in low-Earth orbit. Most are fragments of abandoned spacecraft that have broken up or exploded. The number of cataloged space-debris pieces larger than 10 centimeters has risen dramatically in recent years and most satellites don’t have shielding that would protect them from collisions with such debris, says Don Kessler, a retired NASA senior scientist and orbital debris expert. If a piece of space debris had to be moved by about 200 meters a day to avoid a collision, a medium-power laser of about 5 kilowatts could provide the needed push — provided the debris had a large surface area and was no heavier than 50 to 100 kilograms, Mason calculates. Such a laser couldn’t have prevented a 2009 collision between two satellites (SN: 3/14/09, p. 9), nor could it push aside an asteroid. But the system ”could move light debris out of the way of a big object,” says Mason. Mason’s team suggests that the laser facility be built at a near-polar, high-altitude site, such as the Plateau Observatory in Antarctica, because most debris passes over the polar regions many times a day. Researchers have suggested using lasers to vaporize space debris for more than two decades, but those systems would require powerful devices that might be mistaken for weapons, notes Mason. Using a laser to slightly alter the speed of small debris doesn’t take much energy, notes Kessler. And if the medium-power laser missed its target it would be unlikely to do much damage, he adds. Kessler notes, however, that scientists would need precise knowledge of the path of debris in order for the system to be effective.

Ground Based Lasers solves space debris by slowing them down and allowing the atmosphere to burn them up 

Kelly 11 (Mike, staff writer, “UAH researcher Dr. John Campbell offers solutions to space debris problem,” May 23, 2011, http://www.al.com/42/index.ssf/2011/05/uah_researcher_offers_solution.html, JMN)
HUNTSVILLE, Alabama -- The use of low-powered lasers could be a major part of the solution to the growing problem of debris in space, according to Dr. John Campbell. The UAH researcher was part of a three-man panel on space debris at the the International Space Development Conference, which ended Sunday. "Getting control of this problem is essential to the future of spaceflight," said Campbell, a research scientist at the UAH Research Institute. The most recent studies show hundreds of thousands of objects orbiting in space at altitudes of low Earth orbit and higher. These objects, ranging in size from almost microscopic to complete satellites, orbit at nearly 18,000 miles per hour and pose a threat to space travel, Campbell said. Lasers could help deflect objects from their normal orbits, bringing them down to upper Earth atmosphere level, where friction with the atmosphere would further slow them down and cause them to burn up. He presented a two-part solution: ground-based lasers with orbiting "geo-orbital lasers" as the best solution. The use of lasers, Campbell emphasized, is only part of a comprehensive solution. "We have to understand that there are no complete solutions at this time," he said. The focus of concern is on objects of 1 to 10 centimeters, and a single ground-based facility near the Earth's equator, he said, could remove most objects of this size range at a cost of $100 to $300 million. Success of the laser solution would require enhanced surveillance efforts to track the debris. Development and implementation of a space surveillance network, a main topic at the Global Space Surveillance Panel, would go hand in hand in helping solve the problem. The largest object in orbit, the International Space Station, is especially vulnerable. Campbell said the ISS averages "about one evasive maneuver per month" to dodge space debris. "For years we felt this was a risk we had to take," he said. The extreme velocities of the debris are much more than a spacecraft is designed to handle, Campbell said. The growing problem prompted NASA and the Defense Advanced Research Projects Agency to convene a conference in 2009 to address the issue. He also emphasized the importance of involving America's global space partners in the effort.

SpaceBased Lasers Solve

Space based lasers are successful at targeting and eliminating space debris in LEO 

Rogers 97 (Mark, Lieutenant colonel USAF, http://www.bibliotecapleyades.net/ciencia/ciencia_laser02a.htm#contents, “Lasers in Space,” November 1997, JMN)
Operational Concept. As part of the force enhancement mission area, the space-based laser target designator (SB-LTD) directly extends the current LTD systems.53,54 A neodymium:YAG laser on-board a LEO satellite projects a beam onto a target on the earth’s surface in order to give an aim point for a laser-guided weapon. The choice of the Nd:YAG laser is predetermined because this is the source that is used for all US LGWs. The system would likely include a moderately high-resolution imaging system and a video data link to an operator because safety and positive control of deadly force require human oversight. The operator could be located anywhere, including CONUS, an AWACS aircraft, or a theater of operations. The satellite would have to have a clear view of the target area as it passes overhead, meaning that weather, smoke or other obscurants could defeat the LTD, which is a constraint shared with current LTDs. Operational Enhancement. Moving the LTD platform out of the theater eliminates the risk to the LTD operator. The LGW could also be released at a long range, eliminating risk to that platform as well. The appropriate LGW would probably be a powered munition, such as a cruise missile rather than a gravity bomb. The recent misses of cruise missiles during the DESERT STRIKE attacks against Iraqi air defense sites might have been reduced if a SB-LTD had provided aim points for the appropriate PGM. It is conceivable that the target could even be mobile and still be designated for destruction. Even a few SB-LTDs give a significant enhancement to the current capability for limited strikes and shows of force. Key Enabling Technologies. Clearly a sufficiently powerful laser is needed. However, the 1.064 micron wavelength of the Nd:YAG propagates with low loss through the atmosphere, and diode lasers have been successful in pumping the neodymium, offering the possibility of an all-solid-state, electrically powered laser source with adequate power. The output optics would have to be large enough to keep a small enough spot on the ground for accurate weapons delivery. Calculations discussed in a later section suggest that a one-meter diameter output optical system, possibly consisting of a cassegrainian telescope, could suffice. The same optical system could be used for imaging the target area by sharing the aperture and using a high-resolution CCD array. A microwave communication system would be needed to send that image to a controller. Acquiring the target requires highly accurate position information of the SB-LTD as well as foreknowledge of the target’s exact location. Given this information, computation could generate the required pointing vector to drive the imaging and laser systems. Pointing stability is critical, but could be satisfied by a recent advance in inertial reference units discussed in the next section. 
Ground Based lasers are successful in targeting orbital debris 

Cartwright 11 

(3/15/11, Jon, Nature News, http://www.nature.com/news/2011/110315/full/news.2011.161.html?s=news_rss, “Lasers could nudge space debris aside,” JMN)
Scientists in the United States have devised a new way to avoid collisions among space debris, and possibly even reduce the amount of debris in orbit. The method uses a medium-powered, ground-based laser to nudge the debris off course — but some are concerned that the laser could be used as a weapon. Debris orbiting Earth is a mounting problem. Two years ago, a satellite owned by the communications provider Iridium, based in McLean, Virginia, smashed into a defunct Russian satellite at ten times the speed of a rifle bullet, putting an end to the 'big sky' theory that assumed space was too vast for chance collisions. That incident alone created more than 1,700 pieces of debris, raising the total amount by nearly 20%. Space analysts are particularly concerned about the possible onset of Kessler syndrome, when enough debris is present to make collisions so likely there would be an avalanche effect that would leave the Earth's orbit uninhabitable for satellites. Sweeping up the mess Scientists at NASA have considered using a ground-based laser to mitigate debris collisions before. However, in their 'laser broom' concept, a powerful, megawatt-class laser would vaporize the surface of a piece of debris that is heading for another, causing the debris to recoil out of harm's way. But critics argued that the laser could be used as a weapon, as it could easily damage an enemy's active satellites. Indeed, both the United States and China have in the past 15 years been accused of testing the ability of ground-based lasers to 'dazzle' satellites and render them inoperable. Now, James Mason, a NASA contractor at the Universities Space Research Association in Moffett Field, California, and his colleagues have come up with a variation on the laser broom concept that they claim is unlikely to be useful as a weapon. In a paper uploaded to the arXiv preprint server1, Mason and colleagues suggest using a medium-powered laser of 5–10 kilowatts to illuminate debris with light a few times more intense than sunlight, imparting just enough momentum to nudge the debris off course. "We think this scheme is potentially one of the least-threatening ways to solve a problem that has to be addressed," says Mason. In the researchers' proposal, a piece of debris that has a high risk of collision would be tracked by another laser and a telescope. As the debris comes over the horizon, technicians would switch on the main laser and illuminate the debris until it reaches its highest point. If the debris isn't nudged far enough to avoid a collision the first time, the technicians would repeat the procedure for several days until the collision risk becomes negligible. Risk reduction With just one laser facility, Mason's group says, the number of debris collisions could be almost halved. What's more, by mitigating the number of collisions, the amount of debris would lessen as it slowly burns up in Earth's atmosphere. And that would avoid the onset of Kessler syndrome, the researchers say.

Brink Now

Collisions are on the brink- recent collisions have pushed amount of debris to a “tipping point”

Blake 10- Staff Writer at The Daily Telegraph, citing  Bharath Gopalaswamy, an Indian rocket scientist specializing in space debris

(Heidi, “Satellites threatened by orbiting rubbish dump,” May 27, Lexis)

SPACE is so littered with debris that a collision between satellites could set off an "uncontrolled chain reaction" capable of destroying the communications network on Earth, according to a Pentagon report. The volume of abandoned rockets, shattered satellites and missile shrapnel in the Earth's orbit is reaching a "tipping point" and is now threatening the $250 billion (£174 billion) space services industry, scientists say. A single collision between two satellites or large pieces of "space junk" could send thousands of pieces of debris spinning into orbit, each capable of destroying further satellites. Global positioning systems, international phone connections, television signals and weather forecasts are among the services at risk of being disrupted, according to the report. This "chain reaction" could leave some orbits so cluttered with debris that they become unusable for commercial or military satellites, the US Defence Department's interim Space Posture Review says. There are also fears that large pieces of debris could threaten the lives of astronauts in space shuttles or at the International Space Station. The report, which was sent to Congress in March and not publicly released, says space is "increasingly congested and contested" and warns that the situation is likely to worsen. Bharath Gopalaswamy, an Indian rocket scientist researching space debris at the Stockholm International Peace Research Institute, estimates that there are now more than 370,000 pieces of junk compared with 1,100 satellites in low-Earth orbit (LEO), between 490 and 620 miles above the planet. A crash in February, 2009, involving a defunct Russian Cosmos satellite and a satellite owned by Iridium Communications Inc left about 1,500 pieces of junk whizzing around the Earth at 4.8 miles a second. A Chinese missile test destroyed a satellite in January, 2007, leaving 150,000 pieces of debris in the atmosphere, according to Dr Gopalaswamy. The space junk, dubbed "an orbiting rubbish dump", also comprises nuts, bolts, gloves and other debris from space missions. "This is almost the tipping point," Dr Gopalaswamy said. "No satellite can be reliably shielded against this kind of destructive force." The Chinese missile test and the Russian satellite crash were key factors in pushing the United States to help the United Nations issue guidelines urging companies and countries not to clutter orbits with junk, the Space Posture Review says. 

The brink is now- we must take action immediately or cascade effect is inevitable, making space unusable for centuries

Imburgia 11- Lieutenant Colonel in the US Army, Judge Advocate for the USAF 

(Joseph, “Space Debris and Its Threat to National Security: A Proposal for a Binding International Agreement to Clean Up the Junk,” Vanderbilt Journal of Transnational Law, Volume 44, Number 3, May)

The “cascade effect” is “the greatest fear of those who study the problem of orbital debris.”50 Even before the February 2009 satellite collision, many scientists agreed “that the number of objects in orbit had surpassed a critical mass,”51 the point at which “orbital debris would collide with other space objects, which in turn would create new debris that would cause [a chain reaction of] even more collisions.”52 This “chain reaction” is often referred to as the cascade effect.53  Some experts believe that once space debris collisions begin, they will be impossible to stop.54 The fear is that these cascading “collisions will eventually produce an impenetrable cloud of fragmentation debris that will encase Earth[, making] space travel . . . ‘a thing of the past’ and . . . obstruct[ing] our dream of colonizing outer space.”55 Experts warn that if the cascade effect occurs, space will be unusable for centuries due to the time it will take for all of the debris to eventually disintegrate in Earth’s atmosphere.56 If space debris is not immediately countered by preventative and removal measures, the cascade effect could occur in little more than a decade.57 In February 2008, Dr. Geoffrey Forden, a Massachusetts Institute of Technology physicist and space programs expert, stated that the United States is “in danger of a runaway escalation of space debris.”58 He argued that the danger of a cascade effect is a greater threat to U.S. space assets than the threat of anti-satellite (ASAT) weapons.59 NASA scientists have warned about the threat of the cascade effect since the late 1970s.60 In the decades since, experts have worried that collisions caused by the cascade effect “would expand for centuries, spreading chaos through the heavens”61 and multiplying space “debris to levels threatening sustainable space access.”62 “Today, next year or next decade, some piece of whirling debris will start the cascade, experts say.”63 According to Nicholas L. Johnson, NASA’s chief scientist for orbital debris, the cascade is now “inevitable” unless something is done to remove the debris.64 Experts believe that if nothing is done to address the space debris problem, the amount of orbiting space debris greater than ten centimeters in size will increase to over 50,000 objects in the next fifty years.65 Considering that the number of objects in orbit has increased drastically since the beginning of 2007, the problem is, unfortunately, only worsening. 

Chinese ASAT test and Russian-US satellite collision has doubled the amount of space debris

David 11- 
winner of this year’s National Space Club Press Award, Space.com’s space insider columnist, citing Marshall Kaplan, an orbital debris expert within the Space Department at the Johns Hopkins University Applied Physics Laboratory 

(Leonard, “Ugly Truth of Space Junk: Orbital Debris Problem to Triple by 2030,” http://www.space.com/11607-space-junk-rising-orbital-debris-levels-2030.html, May 9)

The concern over orbital debris has been building for several reasons, said Marshall Kaplan, an orbital debris expert within the Space Department at the Johns Hopkins University Applied Physics Laboratory in Laurel, Md. In Kaplan's view, spacefaring nations have passed the point of "no return," with the accumulation of debris objects in low-Earth orbits steadily building over the past 50 years. Add to the clutter, the leftovers of China’s anti-satellite (ASAT) test in 2007. "The fact that this single event increased the number of debris objects by roughly 25 percent was not as important as the location of the intercept. The event took place at an altitude of 865 kilometers, right in the middle of the most congested region of low-orbiting satellites," Kaplan pointed out. Toss into the brew the collision of an Iridium satellite with an expired Russian Cosmos spacecraft in February 2009 -- at an altitude similar to that of China’s ASAT test. As a result of 50 years of launching satellites and these two events, the altitude band from about 435 miles (700 km) to a little over 800 miles (1,300 km) has accumulated possibly millions of debris objects ranging from a few millimeters to a few meters, Kaplan said. 

Debris is causing havoc now, only getting worse

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
There have already been four recorded collisions with space debris. In 1991, the Russian satellite Cosmos 1934 collided with debris from Cosmos 926. In 1996, the French satellite Cerise was hit by a debris object. The next identified event was the 2005 collision between Thor Burner and debris from a Chinese long-march rocket. On February 10, 2009, the Iridium 33 satellite was destroyed in a collision with Cosmos 1421. Major collisions are now predicted to occur about every five years

Small Debris Outweighs

Debris only a centimeter wide can knock out a satellite 

The Economist 10 (“Scientists are increasingly worried about the amount of debris orbiting the Earth” Aug 19th 2010 http://www.economist.com/node/16843825?story_id=16843825&fsrc=rss) AK
Such low-Earth orbits, or LEOs, are among the most desirable for artificial satellites. They are easy for launch rockets to get to, they allow the planet’s surface to be scanned in great detail for both military and civilian purposes, and they are close enough that even the weak signals of equipment such as satellite phones can be detected. Losing the ability to place satellites safely into LEOs would thus be a bad thing. And that is exactly what these two incidents threatened. At orbital velocity, some eight kilometres a second, even an object a centimetre across could knock a satellite out. The more bits of junk there are out there, the more likely this is to happen. And junk begets junk, as each collision creates more fragments—a phenomenon known as the Kessler syndrome, after Donald Kessler, an American physicist who postulated it in the 1970s. According to the European Space Agency (ESA) the number of collision alerts has doubled in the past decade. Nicholas Johnson, the chief scientist for orbital debris at ESA’s American equivalent, NASA, says modelling of the behaviour of space debris “most definitely confirms the effect commonly referred to as the Kessler syndrome”. Even the National Security Space Office at the Pentagon is worrying about whether a tipping-point has been reached, or soon will be.

Small debris pose the greatest risk--they’re the biggest threat to future space operations

Baiocchi and Welser 2010--Dave, PhD and engineer and defense analyst at RAND; William,  MBA in business administration and management systems researcher at RAND 

(“Confronting Space Debris” RAND Corporation; pdf online @ http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)
The United States maintains a catalog for space objects that are larger than about 10 cm in diameter, and this catalog currently contains about 20,000 objects, of which debris constitutes a majority (Kehler, 2010; Space Track, undated). In addition, NASA estimates that there are an additional 500,000 objects between 1 and 10 cm, and that there are likely tens of millions of particles smaller than a centimeter (Orbital Debris Program Office, undated). These smaller objects pose some of the greatest risk to orbiting payloads. As Johnson notes, “[T]he principal threat to space operations is driven by the smaller and much more numerous uncatalogued debris” (Johnson, 2010). In LEO, objects have velocities of 7 or 8 km/s with respect to the ground, which means that even small particles can impart a tremendous amount of energy if they collide with another object. This threat is especially sobering because most small particles are uncataloged.2
Small debris outweighs and satellites solve the risks associated with large debris

Werner, 10 – space news correspondent – *note – quoting ATK Scientists and Engineers

(Debra, “ATK Proposes Satellite To Fight Space Debris”, Space News, 8/9/10, http://www.spacenews.com/civil/100809-atk-satellite-fight-space-debris.html)

SAN FRANCISCO — Alliant Techsystems (ATK) is proposing plans for a small satellite designed to address one of the most vexing problems facing spacecraft operators in low Earth orbit: debris too small to be tracked by ground-based telescopes but large enough to penetrate satellite shielding.

The plans, which are scheduled to be discussed publicly for the first time Aug. 11 at the small satellite conference sponsored by the American Institute of Aeronautics and Astronautics and Utah State University in Logan, Utah, calls for development of a spherical spacecraft enclosed in multiple layers of a lightweight material. The spacecraft would operate in low Earth orbit as a sweeper or shield, breaking up debris particles and reducing their velocity, according to Jose Guerrero, chief technologist for ATK Spacecraft Division’s Systems and Advanced Technology Group in Pasadena, Calif., one of the chief architects of the new satellite. A piece of debris measuring 10 centimeters in diameter, for example, would break when it hit the outside layer of the sphere and become progressively smaller as it passed through multiple layers of material, Guerrero said. Inside the sphere, that debris also would collide with other pieces of debris, causing each one to shatter again. The goal is to turn large debris particles that pose a threat to spacecraft into much smaller pieces that can be deflected by exterior shielding. By causing that debris to lose velocity, the spherical satellite also is designed to make those particles deorbit more quickly than they otherwise would, Guerrero said. Guerrero declined to discuss the material ATK engineers plan to use for the multilayered sphere. In testing and simulation, an aluminum mesh was used to demonstrate the concept, according to the ATK report scheduled to be released at the conference in Logan, titled “How Can Small Satellites be used to Support Orbital Debris Removal Goals Instead of Increasing the Problem?” ATK officials began seeking solutions to the problem of orbital debris shortly after a Chinese anti-satellite weapon destroyed a retired Chinese weather satellite in 2007, creating thousands of additional pieces of debris in low Earth orbit. A group of ATK scientists and engineers became so interested in the issue that they began meeting regularly over lunch to discuss the issue of debris and to seek potential solutions. “Engineers love to work on a complex problem,” Guerrero said. “This is an opportunity to resolve this issue. This issue is not going away. It’s going to get worse.” During those meetings, ATK scientists and engineers evaluated many possible techniques for eliminating debris, including ground-based and space-based lasers, considering each concept’s relative merits, Guerrero said. After a thorough analysis, the multilayered sphere “happened to be the one with the most promise” and “the only one that could be used on a small satellite,” he said. The small satellite would weigh approximately 500 kilograms and have roughly three kilowatts of onboard power, according to the ATK report. ATK officials have discussed the spherical satellite proposal with officials from the U.S. Defense Advanced Research Projects Agency (DARPA), the U.S. Air Force and NASA, Guerrero said. Further development of the concept, including testing, will require government funding, he added. Since the Chinese anti-satellite test and the subsequent collision of a retired Russian Cosmos satellite with an active Iridium mobile communications satellite, NASA and the Defense Department have focused increased attention on the issue of orbital debris. In December, DARPA and NASA held the first international conference to explore solutions to the problem of orbital debris. In addition, the White House’s national space policy issued June 28 calls on NASA and the Defense Department to “pursue research and development of technologies and techniques … to mitigate and remove on-orbit debris, reduce hazards, and increase understanding of the current and future debris environment.” The U.S. Air Force relies on ground-based radar and telescopes to track debris measuring 10 centimeters or larger. The Air Force issues warnings to satellite operators when their spacecraft may be in the path of debris, giving them time to maneuver away from the danger. Smaller debris, however, often hits satellites without warning. “Every spacecraft, whether manned or unmanned, is vulnerable to debris larger than 1 centimeter,” according to Nicholas Johnson, NASA’s chief scientist for orbital debris at the Johnson Space Center in Houston. Orbital debris measuring between 1 and 10 centimeters in diameter also poses risks to the international space station, which features exterior shielding to guard against damage from debris smaller than 1 centimeter. While the ATK proposal is designed to address the overall threat of debris in low Earth orbit, the spherical satellite also could be used to protect specific assets. “You could deploy it around the space station and clean up that area,” Guerrero said.

Small Dust is more frequent and more dangerous 

Burchell 06 – PHD in planetary physics

(Mark J. Burchell, May 2006, COSMIC DUST COLLECTION IN AEROGEL, Vol. 34: 385-418, pg 406)  
A key motto often heard in relation to the Solar System is “large is rare.” By implication, small is frequent. Dust particles pervade the Solar System. There are many sources of dust, the most obvious are perhaps comets, but asteroids and other atmosphere-less bodies will release dust after impacts and collisions. Volcanic activity on natural satellites can eject dust into space (e.g., Io; see Grün et al. 1993, Graps et al. 2000) and planetary magnetic fields can accelerate the dust (if charged) to high speeds and eject it into interplanetary space at speeds that can exceed the Solar System escape velocity. Interstellar space is filled with dust that can penetrate even into the inner heliosphere (Grün et al. 1993). The scientific So for the study of cosmic dust has a history of its own and continues today (e.g., Brownlee 1985, Grün et al. 2001). There are several techniques available for dust detection and measurement in environments distant to anthropogenic contamination. A simple one is collection of dust from the stratosphere (Bradley et al. 1983), but this is subject to bias owing to modification in the atmosphere before capture. Measurements in space are therefore desirable. One widely used method is impact ionization, where the impact of dust (submicron- to micron-sized) at high speed on a metal surface vaporizes the impactor and part of the target, generating a plasma whose properties can be measured electronically (see Auer 2001 for a review). Such detectors are relatively simple and robust and can return data concerning impact speed and particle mass and flux. If the detector entrance is collimated and the pointing history is controllable/known, trajectory information can also be obtained. Indeed, if operated in a time of flight collection mode, data can also be provided on elemental composition of the particle (e.g., see Kempf et al. 2005). Such electronic devices can be deployed wherever a spacecraft can be sent and provide a real-time electronic stream of data.

Smaller objects pose biggest risk – also brink 

Baoicchi, 10 – Ph.D. and M.S. in optics, University of Arizona; B.S. in physics, DePaul University, also engineer and defense analyst for RAND
(Dave, “Confronting Space Debris: StrategieS and WarningS from Comparable Examples Including Deep Water Horizon”, RAND, 2010, http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)

These smaller objects pose some of the greatest risk to orbiting payloads. As Johnson notes, “[T]he principal threat to space operations is driven by the smaller and much more numerous uncatalogued debris” (Johnson, 2010). In LEO, objects have velocities of 7 or 8 km/s with respect to the ground, which means that even small particles can impart a tremendous amount of energy if they collide with another object. his threat is especially sobering because most small particles are uncataloged. 2 Prior to 2007, the primary source of orbital debris was explosions of spent rocket engines. Originally, these engines were jettisoned in orbit after launch, and the remaining fuel expanded because of the thermal conditions. Under the right conditions, the pressure became too great, and the rocket body exploded. Since the mid-1990s, engines have been designed with valves that relieve the pressure by venting the residual fuel, and contemporary rocket bodies are no longer a major contributor of debris. To date, the largest two contributors of debris have been collision events. he irst was the 2007 Chinese antisatellite (ASAT) test. As part of this test, China launched a ballistic missile and hit the Fengyun-1C, a defunct Chinese weather satellite. his collision event generated a debris cloud that has added 2,606 trackable objects to the U.S. space catalog as of June 2010 (Space Track, undated). In addition, some estimates suggest that between 35,000 and 500,000 smaller, untrackable pieces of debris were created as a result of this test (Carrico et al., 2008). he second event was an inadvertent collision in February 2009 between an active Iridium communications satellite and Cosmos 2251, a retired Russian communications satellite. his crash added 1,658 trackable objects to the U.S. catalog as of June 2010 (Space Track, undated). 

Small debris destroys satellites and the ISS

Hitchens, 05 – director of the Center for Defense Information, also leader of CDI’s Space Security Project in cooperation with the Secure World Foundation
(Theresa, “The Orbital Debris Quarterly News,” Center for Defense Information, NASA Orbital Debris Program Office, Johnson Space Center, 8/12/05, http://www.cdi.org/program/document.cfm?DocumentID=3106)

Space-faring nations are well aware of the dangers caused by space debris – from inactive satellites to discarded rocket stages to nuts and bolts left in orbit. Space debris is the inevitable consequence of the global uses of space; every space launch will create some amount and form of debris, just as every kind of transportation on Earth creates some amount and form of pollution.

Even tiny pieces of debris can damage or destroy satellites, the Space Shuttle, the ISS, or penetrate astronaut suits. Debris in LEO travel at 10 times the speed of a rifle bullet; a marble-sized bit of junk would slam into a satellite with the energy equal to a 1-ton safe hitting the ground if dropped from a five-story building. Indeed, a tiny paint fleck put a pit in the window of the Challenger Space Shuttle during Sally Ride’s historic first mission. The amount of space junk is increasing by about 5 percent per year; meaning that by the end of the century a satellite in GEO will have a 40 percent chance of being struck during its operational life-time. NASA has found that of the 20 problems most likely to cause the loss of a Space Shuttle, 11 involve debris. NASA data shows a current risk of a “catastrophic” debris strike to the Shuttle of 1 in 200. By comparison, the lifetime risk of a U.S. citizen dying in a car accident is about 1 in 100; the risk of dying in an attack with a firearm, about 1 in 325; the risk of dying in a fire, about 1 in 1,116. 

US Key 

US should lead in the removal of space debris
Ansdell ’10 – second year graduate student in the Master in International Science and Technology Science program at George Washington University’s Elliott School of International Affairs 

(Megan, “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment, http://www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf)

Need to Initiate Unilateral Action International cooperation in space has rarely resulted in cost-effective or expedient solutions, especially in politically-charged areas of uncertain technological feasibility. The International Space Station, because of both political and technical setbacks, has taken over two decades to deploy and cost many billions of dollars—far more time and money than was originally intended. Space debris mitigation has also encountered aversion in international forums. The topic was brought up in COPUOS as early as 1980, yet a policy failed to develop despite a steady ﬂow of documents on the increasing danger of space debris (Perek 1991). In fact, COPUOS did not adopt debris mitigation guidelines until 2007 and, even then, they were legally non-binding. Space debris removal systems could take decades to develop and deploy through international partnerships due to the many interdisciplinary challenges they face. Given the need to start actively removing space debris sooner rather than later to ensure the continued beneﬁts of satellite services, international cooperation may not be the most appropriate mechanism for instigating the ﬁrst space debris removal system. Instead one country should take a leadership role by establishing a national space debris removal program. This would accelerate technology development and demonstration, which would, in turn, build-up trust and hasten international participation in space debris removal. Possibilities of Leadership As previously discussed, a recent NASA study found that annually removing as little as five massive pieces of debris in critical orbits could significantly stabilize the long-term space debris environment (Liou and Johnson 2007). This suggests that it is feasible for one nation to unilaterally develop and deploy an effective debris removal system. As the United States is responsible for creating much of the debris in Earth’s orbit, it is a candidate for taking a leadership role in removing it, along with other heavy polluters of the space environment such as China and Russia. There are several reasons why the United States should take this leadership role, rather than China or Russia. First and foremost, the United States would be hardest hit by the loss of satellites services. It owns about half of the roughly 800 operating satellites in orbit and its military is significantly more dependent upon them than any other entity (Moore 2008). For example, GPS precision-guided munitions are a key component of the “new American way of war” (Dolman 2006, 163-165), which allows the United States to remain a globally dominant military power while also waging war in accordance with its political and ethical values by enabling faster, less costly war fighting with minimal collateral damage (Sheldon 2005). The U.S. Department of Defense recognized the need to protect U.S. satellite systems over ten years ago when it stated in its 1999 Space Policy that, “the ability to access and utilize space is a vital national interest because many of the activities conducted in the medium are critical to U.S. national security and economic well-being” (U.S. Department of Defense 1999, 6). Clearly, the United States has a vested interest in keeping the near-Earth space environment free from threats like space debris and thus assuring U.S. access to space. Moreover, current U.S. National Space Policy asserts that the United States will take a “leadership role” in space debris minimization. This could include the development, deployment, and demonstration of an effective space debris removal system to remove U.S. debris as well as that of other nations, upon their request. There could also be international political and economic advantages associated with being the first country to develop this revolutionary technology. However, there is always the danger of other nations simply benefiting from U.S. investment of its resources in  this area. Thus, mechanisms should also be created to avoid a classic “free rider” situation. For example, techniques could be employed to ensure other countries either join in the effort later on or pay appropriate fees to the United States for removal services. 

US action is key--other countries don’t have the tech

Space Daily 09 (“Making The Space Environment Safer For Civil And Commercial Users” 5/4/09 LexisNexis)

The House Committee on Science and Technology's Subcommittee on Space and Aeronautics held a hearing to examine the challenges faced by civil and commercial space users as space traffic and space debris in Earth orbit continue to increase. Subcommittee Members questioned witnesses about potential measures to improve the information available to civil and commercial users to avoid in-space collisions and discussed ways to minimize the growth of future space debris. Ensuring the future safety of civil and commercial spacecraft and satellites is becoming a major concern. The February 2009 collision between an Iridium Satellite-owned communications satellite and a defunct Russian Cosmos satellite highlighted the growing problem of space debris and the need to minimize the chances of in-space collisions. "It was such a surprise to me and many others when we heard the news that two satellites had collided in orbit in February of this year. It was hard to believe that space had gotten that crowded. It was equally difficult to believe that nothing could have been done to prevent the collision, given that one of the satellites was active and by all accounts would have had the capability to maneuver out of harm's way," said Subcommittee Chairwoman Gabrielle Giffords (D-AZ). "I'd like to know where things stand, and what we're going to do to keep such an event from happening again." While several nations such as Russia, France, Germany and Japan have some form of space surveillance capability, these systems are not interconnected and are neither as capable nor as robust as the United States' Space Surveillance Network (SSN). SSN consists of a world-wide network of 29 ground-based sensors that are stated to be capable of tracking objects as small as five centimeters orbiting in Low Earth Orbit (LEO)-that is, the region of space below the altitude of 2,000 km (about 1,250 miles). For the last four years, the Department of Defense (DOD) has undertaken a Commercial and Foreign Entities (CFE) pilot program to make collision avoidance information available to commercial space users. Commercial users have found the service to be very useful and have been concerned about uncertainty concerning the CFE program's future. At the hearing, Gen. Larry James, Commander of the Joint Functional Component Command for Space, testified that the DoD would transition the CFE to an operational program later this year. Since 1957, there have been several thousand payloads launched into space. After the first fragmentation of a man-made satellite in 1961, there have been more than 190 fragmentations and 4 accidental collisions. Since January of 2007, there have been three major debris generating incidents, which have significantly increased the Earth's orbital debris environment: Iridium 33 - Cosmos 2251 Satellite Collision; Chinese A-SAT test on Fengyun-1C; and Russian spent stage explosion - Russian Arabsat 4. At this point, the DoD is tracking more than 19,000 objects in Earth orbit, and witnesses at the hearing testified that there are more than 300,000 objects of a half-inch in size or larger orbiting the Earth, with further growth in the debris population anticipated in the coming years. "One thing is already clear-the space environment is getting increasingly crowded due to the relentless growth of space debris. If the spacefaring nations of the world don't take steps to minimize the growth of space junk, we may eventually face a situation where low Earth orbit becomes a risky place to carry out civil and commercial space activities," said Giffords.
LEO Key

LEO has the most space debris and is the most desirable target for active satilites

Dahl 10  (Sarah, Major, USAF “Is it time for space debris removal”, https://www.afresearch.org/skins/rims/q_mod_be0e99f3-fc56-4ccb-8dfe-670c0822a153/q_act_downloadpaper/q_obj_ebe8b7d6-fd6b-4522-8615-c350adc97d87/display.aspx?rs=enginespage) 
Although there are a number of orbits of varying altitudes, inclinations, and eccentricities in which to launch spacecraft, there are only a few with parameters favorable to space operations. The orbit closest to the earth is Low Earth Orbit (LEO), which extends up to an altitude of 2000 km from the Earth’s surface. 8  Within this altitude, orbits in the range of 150 to 800 km are most appealing to nation-states interested in remote sensing capabilities (photography, imaging, radar, etc). The close proximity to the Earth allows for images and photographs to be captured in greater detail than higher orbits. Spacecraft in this orbit travel at high velocities and can orbit 14 to 16 revolutions per day. 9  Furthermore, this is the least expensive orbit in which to launch satellites. For all these reasons, this orbit has become the most congested orbit in terms of spacecraft and the debris they generate. In this orbit, space debris can reach velocities around 25, 200 km/hour. 10 This can be concerning not only for satellites but also for manned spaceflight (which also takes place in this orbit). 
AT: SQ S 

A PhD with 35 years of expertise says there are no measures for debris *removal* 

Kaplan, ’10 – Dr. Marshall H, Ph.D., has over 35 years of academic and industrial experience. In addition to publishing some 100 papers, reports, and articles on aerospace technologies, he is a member of the AIAA Technical Committee on Space Transportation and holds advanced degrees from MIT and Stanford University. “Space Debris Realities and Removal,” John Hopkins APL (Advanced Physics Lab), https://info.aiaa.org/tac/SMG/SOSTC/Workshop%20Documents/2010/Space%20Debris%20Removal%20-%20Kaplan.pdf. 

Space-faring nations are dependent on space systems, thus space debris is recognized as a growing concern. 􀂾Today, there are currently 900+ active satellites in various orbits around the Earth. About 2/3 of these are in LEO. 􀂾There are over 22,000 tracked objects (> 10 cm) cataloged by the U.S. Space Surveillance Network (SSN). 􀂾 All orbits, especially LEO, are subject to highly variable orbitperturbing conditions - SSN observations are falling behind and conjunction prediction accuracies are not ideal. 􀂾The risk of collision is growing super-linearly and is of great concern to all satellite operators. 􀂾Other than natural processes, there are currently NO measures to reduce existing debris objects. 

AT: Can’t Track

Laser propulsion can solve the debris we can`t track now 

Campbell 2k – Colonel in the United States Air Force Reserve, scientist and advanced projects manager in the Advanced Projects Office of NASA
(Jonathan, “Using Lasers in Space”. December 2000. http://www.nss.org/resources/library/planetarydefense/2000-LaserOrbitalDebrisRemovalAndAsteroidDeflection-Campbell.pdf)

The USAF Space Command maintains a catalog of space objects. Depending on the altitude and radar cross-section of these objects, it can reliably track objects that are larger than 10-30 cm in diameter in low-earth orbit. That catalog contained roughly 8000 objects in 1997. While roughly six percent of the cataloged objects were active payloads, the remainder consisted of inactive payloads, rocket bodies, and smaller fragments, many of which were produced during more than 100 breakups of space systems in orbit. Most of these breakups were caused by explosions, but collisions with other objects cannot he ruled out. For example, the breakup on July 24, 1996 of the French Cerise satellite has been linked to a collision with a cataloged object. Fragmentation generally produces large numbers of objects that are too small to he tracked reliably. High-velocity impact tests have shown that shields that are designed to protect satellites can be effective against objects that are less than about 1-2 cm in diameter. Such shielding is part of the design for the International Space Stat ion. Depending on environmental requirements, satellites and space vehicles may require shielding, or active protection from impacts with small particles, notably orbital debris and micrometeoroids. For particles that are larger than 2 cm, the cost of shielding a space vehicle is prohibitive. Laser Propulsion of Uncooperative Debris. Laser propulsion is one technique for using radiant energy rather than fuel on space vehicles for the purpose of propulsion. In the case of removing orbital debris, the surface material of the debris becomes the propellant. In essence, the intensity of the laser must he sufficiently great to cause the material on the surface of the object to form a vapor, which as this hot vapor expands imparts a force or thrust to the object. For a given material and duration of a laser pulse there is an optimum intensity above which the ability to couple laser energy onto the material decreases.2 This is because the resulting ionization of the vapor from the material effectively absorbs the energy of the laser: This means that a series of short pulses is the most effective way to generate propulsion for orbit debris.

AT: Cost 

Lasers are affordable

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

The scores in this category are based primarily on required research and development costs associated with new technology. A score of one is given if there are no existing technologies and everything must be built from the ground up. A five is assigned if a system can be put together with previously existing components along with some new ones. If the technology only requires slight modification to current equipment, a score of ten is given. Page 86 of 135 Ground-based lasers score high in this category because the necessary tracking and detection systems are already partially implemented. A Space-Based Magnetic Field Generator scored the lowest in implementation for the same reasons that it scored low in the construction category. 
GBLs are affordable – several reasons 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

Ground-based laser strengths include affordability of operation and of implementation. The ground-based laser is considered affordable to operate because O&M cost are minimal compared to the initial investment. It is considered affordable to implement because it is assumed that the laser would be constructed at sites already possessing the required optics and infrastructure. Weaknesses are affordability of development and of construction. More development is needed because not all of the ground-based laser individual components have been thoroughly tested. Considerable funding would also be required for the construction.
Eliminating space debris is economically feasible
Campbell 2k – Colonel in the United States Air Force Reserve, scientist and advanced projects manager in the Advanced Projects Office of NASA
(Jonathan, “Using Lasers in Space”. December 2000. http://www.nss.org/resources/library/planetarydefense/2000-LaserOrbitalDebrisRemovalAndAsteroidDeflection-Campbell.pdf)

There have been numerous surveys of debris in the 1-10 cm diameter range. Radar and optical surveys, when used in conjunction with computer models, reveal that there is roughly 150,000 objects in orbits below 1500 kilometers. The problem is that each of these objects is quite capable of causing catastrophic damage to shielded spacecraft, and yet are too small to he tracked reliably by avoidance sensors. The likely composition of the debris was considered by the Orion study. The debris was classified into five representative groups, with objects made of aluminum, steel, sodium/potassium metal, carbon phenolic, and multi- layer insulation (MLI). 1 Based on the number of objects in low-earth orbit, and using the Iridium satellite system as an example, if we assume that the replacement cost of one of the 66 satellites in the $3.450 billion system is roughly $50 million, then the total cost to LEO satellites from orbital debris is estimated to be roughly $40 million per year. Debris-related expenses that are on the order of tens of millions of dollars per year should he compared with estimates from the Orion study for debris removal. It estimated that eliminating debris in orbits tip to 800 km in altitude within 3 years of operation would not exceed $200 million. It was for this reason that the study team has proposed a technology demonstration project as a next step, which is estimated to cost roughly $13 – 28 million. 

Laser is cost effective- one laser costs only eight hundred thousand dollars- too small to affect space weaponization

Choi 11- freelance journalist for New York Times and Scientific American, Masters from University of Missouri- Columbia

(Charles Q., March 17, http://www.space.com/11157-nasa-lasers-shooting-space-junk.html, 2011) MR

The 5-kilowatt laser would cost about $800,000, and a single device could probably engage about 10 objects a day. However, the scientists do note that the actual cost of an operating system, including telescope, would likely be tens of millions of dollars. It may be possible to perform a nearly free demonstration of this idea using existing capabilities, such as those of the Starfire Optical Range at Kirtland Air Force Base. The researchers do stress that any system should be done as an international collaboration because of the obvious space warfare implications. [7 Sci-Fi Weapons of Tomorrow Today] "The main question that needs to be answered is what is the long-term effect on the overall debris situation?" Mason said, "We need to do population modeling to determine if the system really will be sufficient to halt or slow the Kessler syndrome. We hope to work closely in the future with colleagues at NASA to model the effects." The scientists note this system could be used to give a nudge to more than just garbage — they could push specially designed satellites, helping them save weight on propellant. As to whether or not these nudges have the potential for use in space warfare, "generally, for large objects like satellites, the force is too small to significantly affect the orbit," Mason said. 

Lasers are cheap- can divert thousands of pieces of debris for the cost of one launch

Michaels 09- staff reporter for the Wall Street Journal writing about the aerospace industry for over 10 years

(Daniel, “A Cosmic Question: How to Get Rid Of All That Orbiting Space Junk?” http://online.wsj.com/article/SB123672891900989069.html, March 11)

"I thought it would be a Buck Rogers thing," the astrophysicist recalls. Instead, his team concluded that for the price of one space-shuttle launch -- roughly $500 million -- the laser could nudge thousands of bits of garbage toward incineration in the atmosphere within five years. Compared to the cost of losing a satellite or a shuttle to space debris impact, "this looks like a bargain," says Dr. Campbell, who works at NASA's Marshall Space Flight Center in Huntsville, Ala. A key to his plan is using existing low-power lasers in quick pulses, much like the flashbulb on a camera. The laser would only singe the surface of an object in space, but that tiny burn could still help point it downward, Dr. Campbell says. Project Orion's low-budget approach hits at a conundrum of space debris. 

Laser based systems are cheap and effective

Barty et. Al, in 2K9 -* The Chief Technology Officer for the National Ignition Facility and Photon Science Directorate at the Lawrence Livermore National Laboratory (10/31/09, Dr. Christopher P.J. Barty, contributing authors J.A. Caird, A.E. Erlandson, R. Beach, A.M. Rubenchik, “High Energy Laser for Space Debris Removal,” Lawrence Livermore National Laboratory, www.osti.gov/bridge/servlets/purl/967732-fSa6MU/967732.pdf)
Our concepts for the laser system architecture are an extension of what was developed for the National Ignition Facility (NIF), combined with high repetition rate laser technology developed for Inertial Fusion Energy (IFE), and heat capacity laser technology developed for military applications. The “front-end” seed pulse generator would be fiber-optics based, and would generate a temporally, and spectrally tailored pulse designed for high transmission through the atmosphere, as well as efficient ablative coupling to the target. The main amplifier would use either diode-pumped or flashlamp-pumped solid state gain media, depending on budget constraints of the project. A continuously operating system would use the gas-cooled amplifier technology developed for Mercury,2 while a burst-mode option would use the heat capacity laser technology.3  The ground-based system that we propose is capable of rapid engagement of targets whose orbits cross over the site, with potential for kill on a single pass. Very little target mass is ablated per pulse so the potential to create additional hazardous orbiting debris is minimal. Our cost estimates range from $2500 to $5000 per J depending on choices for laser gain medium, amplifier pump source, and thermal management method. A flashlamp-pumped, Nd:glass heat- capacity laser operating in the burst mode would have costs at the lower end of this spectrum and would suffice to demonstrate the efficacy of this approach as a prototype system. A diode- pumped, gas-cooled laser would have higher costs but could be operated continuously, and might be desirable for more demanding mission needs. Maneuverability can be incorporated in the system design if the additional cost is deemed acceptable. The laser system would need to be coupled with a target pointing and tracking telescope with guide-star-like wavefront correction capability.

AT: No Cascades

Limiting debris is key to prevent cascade effect

Ansdell ’10 – second year graduate student in the Master in International Science and Technology Science program at George Washington University’s Elliott School of International Affairs 

(Megan, “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment, http://www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf)

As early as 1978, scientists postulated that the runaway growth of space debris owing to collisional cascading would eventually prohibit the use of Earth’s orbit (Kessler and Cour-Palais 1978). Recent scientific studies have also predicted uncontrolled debris growth in low-Earth’s orbit over the next century. One NASA study used predictive models to show that even if all launches had been halted in 2004, the population of space objects greater than ten centimeters would remain stable only until 2055 (Liou and Johnson 2006). Beyond that, increasing collisions would create debris faster than debris is removed naturally, resulting in annual increases in the overall space object population. The study concluded that, “only the removal of existing large objects from orbit can prevent future problems for research in and commercialization of space” (Liou and Johnson 2006, 340). The European Space Agency (ESA) has come to similar conclusions using its own predictive models (ESA 2009a). Consequently, there is growing international consensus in the space debris community that active removal will be necessary to prevent “collisional cascading,” or the increasing number of collisions resulting from debris created from previous collisions, in Earth’s orbit. The 5th European Conference on Space Debris concluded that, “active space debris remediation measures will need to be implemented in order to provide this sustainability… there is no alternative to protect space” (ESA 2009b). Similarly, Nicholas Johnson from NASA’s Orbital Debris Program Office stated in a testimony to Congress that, “in the future, such collisions are likely to be the principal source of new space debris. The most effective means of limiting satellite collisions is to remove non-functional spacecraft and launch vehicle orbital stages from orbit” (Johnson 2009a, 2).

Lasers are necessary and effective in reducing space debris – spills over to new tech that also solves

Campbell 2k [Jonathan - Colonel in the United States Air Force Reserve, scientist and advanced projects manager in the Advanced Projects Office of NASA. “Using Lasers in Space”. December 2000. http://www.nss.org/resources/library/planetarydefense/2000-LaserOrbitalDebrisRemovalAndAsteroidDeflection-Campbell.pdf] AK
The use of space is vital for future economic and political power for many reasons. Since an impact from a meteorite, asteroid, or comet would he an unimaginable catastrophe, we have little choice but to deal with this threat. On a lesser scale, the threat of orbital debris to spacecraft raises important economic questions. While there are many risks with spaceflight, we must decide at what threshold the risks are too high and action is necessary. That threshold must balance the possible impact to the mission, resources available to accomplish that mission, and the technical arid cost feasibility of reducing that risk. In addition, that threshold must balance all of the risks that are associated with a mission. In other words, if there is a practical way to reduce risk, then it is probably prudent to do so. The purpose of this study is to describe one solution for reducing the risk posed by orbital debris. Presently, there are significant quantities of orbit debris in all sizes, altitudes, and inclinations. However, the debris ranges in size from the microscopic to several meters, including worn out satellites arid upper stages of rockets, and fortunately there are many more small objects than large ones. The typical closing velocities for a collision with orbital debris are on the order of 20,000 mph, which means that a collision with a satellite would likely end its useful service life at costs that exceed one billion dollars. With the technological state of the art in orbital debris protection, satellites can he effectively shielded against hypervelocity objects that are less than 1 cm in size. This shielding, however, is extremely expensive. For example, the cost of increasing the protection for critical modules on the Space Station from 1 cm to 2 cm has been calculated to be on the order of 100 million dollars for launch costs alone, not including research and development and manufacturing costs. For objects that are greater than 10-30 cm in size, the Space Station will rely on the Space Command tracking network to provide early warning. If an object will come too close to the station, it will maneuver to avoid it. But the total costs of this maneuvering system are substantive, and we should note that it will not provide absolute protection, principally because the Space Command could have difficulties in continuously tracking objects that are less than 30 cm in size. In the event of a solar flare, the tracking system may lose objects for days at a time. The reality is that there is no system in to protect against the approximately 150,000 objects that are in the range of 1-10 centimeters in size. Using the example of a ten n is ball that is approximately five centimeters; a hypervelocity collision between a tennis hall and a satellite will probably reduce that satellite into orbital debris. And it may have a cascading effect as many smaller objects produce orbital debris, which in turn increases the overall risk to objects in orbit. While the probability of a collision with an individual satellite is quite low, the probability of a collision occurring with in the, entire population of space assets is not as remote. An analysis suggests that with the current level of orbital debris and the sizes of satellites, the probability is that there will be one collision per year. And that loss could amount to billions of dollars. This is a global problem and will involve an international effort that is coordinated by the United Nations. No one project cannot redress this problem. Nor is it economically practical to shield each spacecraft and give it maneuvering capabilities. An elegant, cost effective, and feasible approach is to use laser technology to solve this problem. It is estimated that a single, ground- based laser facility that costs about $100 million and that operated near the equator could remove all orbital debris up to an altitude of 800 km in two years. Since satellites typically cost several hundred million and given the half billion price tags on shuttle and Titan launchers, this investment is relatively small given the potential losses of rockets. Furthermore, the development of this technology will stimulate other approaches, including laser power beaming, deflecting asteroids, meteoroids, and comets, and propulsion for interstellar missions. In closing, this study addressed a problem that the international community must resolve if we are to reduce the risk to spaceflight, and hence to economic progress, that is caused by orbital debris.
Laser is cost effective- one laser costs only eight hundred thousand dollars- too small to affect space weaponization

Choi 11- freelance journalist for New York Times and Scientific American, Masters from University of Missouri- Columbia

(Charles Q., March 17, http://www.space.com/11157-nasa-lasers-shooting-space-junk.html, 2011) MR

The 5-kilowatt laser would cost about $800,000, and a single device could probably engage about 10 objects a day. However, the scientists do note that the actual cost of an operating system, including telescope, would likely be tens of millions of dollars. It may be possible to perform a nearly free demonstration of this idea using existing capabilities, such as those of the Starfire Optical Range at Kirtland Air Force Base. The researchers do stress that any system should be done as an international collaboration because of the obvious space warfare implications. [7 Sci-Fi Weapons of Tomorrow Today] "The main question that needs to be answered is what is the long-term effect on the overall debris situation?" Mason said, "We need to do population modeling to determine if the system really will be sufficient to halt or slow the Kessler syndrome. We hope to work closely in the future with colleagues at NASA to model the effects." The scientists note this system could be used to give a nudge to more than just garbage — they could push specially designed satellites, helping them save weight on propellant. As to whether or not these nudges have the potential for use in space warfare, "generally, for large objects like satellites, the force is too small to significantly affect the orbit," Mason said. 

Lasers are cheap- can divert thousands of pieces of debris for the cost of one launch

Michaels 09- staff reporter for the Wall Street Journal writing about the aerospace industry for over 10 years

(Daniel, “A Cosmic Question: How to Get Rid Of All That Orbiting Space Junk?” http://online.wsj.com/article/SB123672891900989069.html, March 11)

"I thought it would be a Buck Rogers thing," the astrophysicist recalls. Instead, his team concluded that for the price of one space-shuttle launch -- roughly $500 million -- the laser could nudge thousands of bits of garbage toward incineration in the atmosphere within five years. Compared to the cost of losing a satellite or a shuttle to space debris impact, "this looks like a bargain," says Dr. Campbell, who works at NASA's Marshall Space Flight Center in Huntsville, Ala. A key to his plan is using existing low-power lasers in quick pulses, much like the flashbulb on a camera. The laser would only singe the surface of an object in space, but that tiny burn could still help point it downward, Dr. Campbell says. Project Orion's low-budget approach hits at a conundrum of space debris. 

AT: Risk Exaggerated

Scientific consensus that orbital debris is a debilitating risk – that’s try or die for SPS

Dunstan & Szoka, ‘9 – James Dunstan practices space and technology law at Garvey Schubert Barer.  Berin Szoka is a Senior Fellow at The Progress & Freedom Foundation, a Director of the Space Frontier Foundation, and member of the FAA’s Commercial Space Transportation Advisory Committee. “Beware Of Space Junk: Global Warming Isn’t the Only Major Environmental Problem,” Tech Liberation Front (TLF), http://techliberation.com/2009/12/18/beware-of-space-junk-global-warming-isnt-the-only-major-environmental-problem/. 

As world leaders meet in Copenhagen to consider drastic carbon emission restrictions that could require large-scale de-industrialization, experts gathered last week just outside Washington, D.C. to discuss another environmental problem:  Space junk.[1] Unlike with climate change, there’s no difference of scientific opinion about this problem—orbital debris counts increased 13% in 2009 alone, with the catalog of tracked objects swelling to 20,000, and estimates of over 300,000 objects in total; most too small to see and all racing around the Earth at over 17,500 miles per hour.  Those are speeding bullets, some the size of school buses, and all capable of knocking out a satellite or manned vehicle.  At stake are much more than the $200 billion a year satellite and launch industries and jobs that depend on them.  Satellites connect the remotest locations in the world; guide us down unfamiliar roads; allow Internet users to view their homes from space; discourage war by making it impossible to hide armies on another country’s borders; are utterly indispensable to American troops in the field; and play a critical role in monitoring climate change and other environmental problems.  Orbital debris could block all these benefits for centuries, and prevent us from developing clean energy sources like space solar power satellites, exploring our Solar System and some day making humanity a multi-planetary civilization capable of surviving true climatic catastrophes. 

Space Collisions are responsible for the most debris

Bradley and Wein, 2K9 - * Institute for Computational and Mathematical Engineering, Stanford University, AND ** Graduate School of Business, Stanford University 

(February 2009, Advances in Space Research, 1372-1390 “Space debris: Assessing risk and responsibility,” faculty-gsb.stanford.edu/wein/personal/documents/spacedebris.pdf)

To date, the largest two contributors of debris have been col- lision events. The first was the 2007 Chinese antisatellite (ASAT) test. As part of this test, China launched a ballistic missile and hit the Fengyun-1C, a defunct Chinese weather satellite. This collision event generated a debris cloud that has added 2,606 trackable objects to the U.S. space catalog as of June 2010 (Space Track, undated). In addition, some estimates suggest that between 35,000 and 500,000 smaller, untrackable pieces of debris were created as a result of this test (Carrico et al., 2008). The second event was an inadvertent collision in February 2009 between an active Iridium communications satel- lite and Cosmos 2251, a retired Russian communications satellite. This crash added 1,658 trackable objects to the U.S. catalog as of June 2010 (Space Track, undated).

Debris Removal is a Necessity

Bradley and Wein, 2K9 - * Institute for Computational and Mathematical Engineering, Stanford University, AND ** Graduate School of Business, Stanford University 

(February 2009, Advances in Space Research, 1372-1390 “Space debris: Assessing risk and responsibility,” faculty-gsb.stanford.edu/wein/personal/documents/spacedebris.pdf)

 Orbital debris generated by 50 years of space activities poses a risk for operational spacecraft, which can collide in a catastrophic manner with either another large object (e.g., an upper stage rocket body) or with a smaller frag- ment generated by a previous collision or by a previous explosion of a large object (Liou and Johnson, 2008). A high-fidelity three-dimensional simulation model of low Earth orbit (LEO, which is the region between 200 and 2000km altitude) predicts that – even with no future launches – the growth rate of collisional debris would exceed the natural decay rate in 􏰂50 years (Liou and Johnson, 2008). Moreover, the analysis in (Liou and Johnson, 2008) did not account for the Chinese anti-satellite weapon (ASAT) test that destroyed the FengYun 1C spacecraft in January 2007, which created the largest manmade orbital debris cloud in history (Liou and Portman, 2007). NASA’s safety guidelines recommend limiting the postmission life- time of spacecraft or upper stages in LEO to 25 years (NASA Safety Standard 1740.14, 1995). Because this mea- sure will not prevent a positive growth-rate of debris (Liou and Johnson, 2005), it has been suggested that the removal of large intact satellites from space is also necessary (Liou and Johnson, 2006). Although the impact of satellite removal has been assessed (Liou and Johnson, 2007), cur- rently there are no technologies that are technically feasible and economically viable (Liou and Johnson, 2006). Space debris represents a textbook example of environ- mental economics (Perman et al., 2003): space is a public good (i.e., despite the 1976 Bogota Declaration, in which eight equatorial countries claimed sovereignty over the portion of geosynchronous Earth orbit lying above their territory (Soroos, 1982), there are no well-defined and enforceable property rights and no countries are excluded from launching satellites) and debris is a pollutant. More specifically, LEO is a renewable stock resource (much like air or water), in that debris eventually dissipates, albeit on an extremely slow time scale. 

Debris represents significant threat to missions

Baiocchi and Welser in 2010 - *Engineer and Defense analyst or the RAND Corporation, AND ** Management sytem Analyst at the RAND Corporation 

(2010,  “Confronting Space Degree” RAND National Defense Research Institute. www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf )
Orbital (space) debris represents a growing threat to the operation of man-made objects in space.1 According to Nick Johnson, the National Aeronautics and Space Administration’s (NASA’s) chief scientist for orbital debris, “[T]he current orbital debris environment poses a real, albeit low level, threat to the operation of spacecraft” in both low earth orbit (LEO) and geosynchronous orbit (GEO) (Johnson, 2010). This risk poses a threat to the United States’ ability to access and use the space environment. For example, on the most recent Hubble Space Telescope repair mission in May 2009, NASA estimated that astro- nauts faced a 1-in-89 chance of being fatally injured by a piece of debris while operating on the telescope outside the space shuttle (Matthews, 2009).

The United States maintains a catalog for space objects that are larger than about 10 cm in diameter, and this catalog currently contains about 20,000 objects, of which debris constitutes a majority (Kehler, 2010; Space Track, undated). In addition, NASA estimates that there are an additional 500,000 objects between 1 and 10 cm, and that there are likely tens of millions of particles smaller than a centimeter (Orbital Debris Program Office, undated). These smaller objects pose some of the greatest risk to orbiting payloads. As Johnson notes, “[T]he principal threat to space opera- tions is driven by the smaller and much more numerous uncatalogued debris” (Johnson, 2010). In LEO, objects have velocities of 7 or 8 km/s with respect to the ground, which means that even small particles can impart a tremendous amount of energy if they collide with another object. This threat is especially sobering because most small particles are uncataloged.2

AT: No Challengers

Several nations are challenging us in space – we must maintain our superiority

Pfaltzgraff 09, president Institute Foreign Policy Analysis and PhD Professor at Tufts University

[“Space and U.S. Security: A Net Assessment” January 2009, Institute for Foreign Policy Analysis, principal investigator Robert Pfaltzgraff, PhD and President of IFPA, Professor of International Security Studies at The Fletcher School of Law and Diplomacy at Tufts University http://www.ifpa.org/pdf/Space_and_U_S_Security_Net_Assessment_Final_Dec15_08.pdf] AK

Other states are engaged in programs designed to enable them to become twenty-first century space powers capable of challenging or at least competing with the United States. As noted earlier, the growing commercialization of space will create a more level playing field as additional actors gain greater access to the products and services of the commercial space sector and to the enabling technologies as well. At least thirty-five countries now have space research programs designed to augment existing space • capabilities or lead to their first deployments in space. International cooperation in the development of space technologies has increased the diffusion of • capabilities to new actors. China is currently developing and acquiring technologies needed for space-based military pur• poses in order to leapfrog past the present U.S. technological dominance of space. Chinese use of the U.S. GPS and the Russian GLONASS (Global Navigation Satellite • System) systems provides PLA units and weapons systems with navigation and location data that can potentially be used to improve ballistic and cruise missile accuracy. In the last few years, Chinese research on small mobile launch vehicles has shown an • increased focus on nano-satellites which could enable China to launch satellites swiftly from mobile launchers. China is also developing high-powered lasers, which could be used to “blind” satellites. • On January 11, 2007, China conducted a successful anti-satellite weapons test. • Though there are still certain areas within Russia’s space programs that have not yet reached • pre-1990 levels, a revived space program and new technology are helping to restore Russia’s space programs to their former status. Central to its space programs are Russia’s military and dual-use satellites. • GLONASS is a formation of radio-based satellites used to provide navigation services for • military and civilian purposes. The system is run jointly between Russia and India with the goal being first to achieve constant and complete coverage of Russian and Indian territory then total global coverage by 2010. Russia maintains a booming commercial satellite-launching service, thanks to converted • older ICBMs. Iran has become almost entirely self-sufficient in its military industry and has built up one of • the largest ballistic missile inventories in the Middle East. Iran has one satellite in orbit and four more under various stages of development and • construction. Iranian efforts to complete an indigenous space launch vehicle (SLV) are thought to be • near completion. Iran has made great strides toward development of an indigenous space launch capability. • In February 2007, it successfully carried out an initial test of a “space rocket” built in Iran; and a year later unveiled its first space center.

AT: Plan Doesn’t Remove All Debris

Plan solves--complete debris mitigation is NOT key

Baiocchi and Welser 2010--Dave, PhD and engineer and defense analyst at RAND; William,  MBA in business administration and management systems researcher at RAND 

(“Confronting Space Debris” RAND Corporation; pdf online @ http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)

It is also important to note that eliminating the problem is not necessarily the primary objective. Instead, the goal should be reducing the risk posed by unwanted phenomena (air pollution, radon levels, aircraft hijackings) to a level that the affected stakeholders find acceptable. Eliminating the problem is not necessarily the primary objective. The primary goal is only to reduce it beneath the community’s risk tolerance level. If the decisionmaker tried to eliminate all chemical spills, he might risk bankrupting the company trying to do so. As long as the frequency of spills remains below the tolerance level, the solution is considered adequate, and no additional effort is needed.
Relocation of space debris solves

Baiocchi and Welser 2010--Dave, PhD and engineer and defense analyst at RAND; William,  MBA in business administration and management systems researcher at RAND (“Confronting Space Debris” RAND Corporation; pdf online @ http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)
Confronting Space Debris • Relocation versus elimination. An undesired object can be relocated such that it no longer poses a high risk, or it can be completely eliminated. • Targeted versus dragnet. Undesired objects can be relocated or eliminated using processes that are either targeted or dragnetlike. Targeted removal techniques use a specific method to affect a single, known object. Dragnet strategies indiscriminately trawl space to gather and remove all objects with a particular set of characteristics.

Even if we don’t solve the root cause, reducing the risk still solves

Baiocchi and Welser 2010--Dave, PhD and engineer and defense analyst at RAND; William,  MBA in business administration and management systems researcher at RAND 

(“Confronting Space Debris” RAND Corporation; pdf online @ http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)
The problem will likely never be considered “solved” because the root cause is difficult to eliminate. There may be several reasons behind this inability to achieve “solved” status, but the biggest is often that eliminating the root cause is technically challenging or extremely expensive. At the moment, there is no cost-effective way to remove or relocate threatening debris in orbit. In other cases, eliminating the root cause may simply not be an option. For example, the international community could decide to refrain from using the space environment, and debris would no longer be a concern. Obviously, this would be unacceptable to most space-faring corporations and governments, including the United States. In a best-case scenario, the solution will be an asymptotic approach in which the risk is lowered to a level agreed on by all stakeholders. The “solution” will merely minimize collateral damage or effects to a level that is tolerable.

Mitigation reduces the risk of a threat--our ev is specific to space debris

Baiocchi and Welser 2010--Dave, PhD and engineer and defense analyst at RAND; William,  MBA in business administration and management systems researcher at RAND (“Confronting Space Debris” RAND Corporation; pdf online @ http://www.rand.org/pubs/monographs/2010/RAND_MG1042.pdf)
Since we will use the terms mitigation and remediation throughout this document, it is critical to define their meanings and distinguish between them before proceeding with the analysis. Mitigation refers to a class of actions designed to lessen the pain or reduce the severity of something. Standards, rules, and regulations are common examples of mitigating actions: They do not stop unwanted behavior or completely eliminate undesirable outcomes, but they can reduce the frequency or severity of bad events. Mitigation measures are aimed at preventing a problem from getting worse. Because of this, an effective mitigation strategy needs to be comprehensive, adaptable, and self-correcting. By contrast, remediation aims to reverse events or stop undesired effects. Remediation is often achieved using a technical innovation to reverse undesired outcomes or eliminate undesired risks.1 For exam- ple, airports use X-ray machines, magnetometers, and microwave body scanners as part of their screening process. Remedies are often employed in reaction to something, and this has a few implications about their use. First, remedies are targeted reactions designed to address an event that has already occurred. Because remedies should have a targeted purpose, several remediation strategies may be needed to address the overall problem. Finally, remedies are often (but not always) employed after catastrophic events. For the specific case of space debris, mitigation refers to any action that slows or prevents the future growth of the debris population. Remediation is any action aimed at reducing or eliminating the population of existing space debris so as to avoid future catastrophe.
AT: Alt Cause – Other Countries

US is at least half the risk – even one US satellite would be a huge risk 

UCS, ‘8. Union of Concerned Scientists, a collection of academics and professionals. “Space Debris from Anti-Satellite Weapons,” April, http://www.ucsusa.org/assets/documents/nwgs/debris-in-brief-factsheet.pdf. 

Since the beginning of the space age there have been some 4,500 space launches worldwide, and today there  are 870 active satellites in orbit, supporting a wide range of civil and military uses. The United States owns and  operates roughly half of those satellites. This space activity has resulted in millions of pieces of orbiting debris  (see table) There are two main sources of orbital debris:  (1) Routine space activity and the accidental breakup of satellites and stages placed in orbit by such activity;  (2) The testing or use of destructive anti-satellite (ASAT) weapons that physically collide with satellites at high  speed (also known as “kinetic energy ASATs”).  The international community is attempting to reduce the first category by developing strict guidelines to limit  the debris created as a result of routine space activities. These guidelines appear to be working and can, with  strict adherence, significantly reduce the growth of this type of debris.  The destruction of satellites by ASAT weapons can produce tremendous amounts of orbital debris: the  destruction of a single large satellite such as a U.S. spy satellite could by itself double the total amount of large  debris currently in low earth orbit (LEO), where nearly half of current satellites reside. There are currently no  international restrictions on the testing or use of military systems intended to destroy satellites.    
AT: Big Sky Theory

The Big Sky Theory is bunk – disproven by the Iridium collision 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

The second major space-debris creating event was the accidental collision between an active Iridium satellite and a defunct Russian military satellite on February 10, 2009. The collision created two debris clouds holding more than 200,000 pieces of debris larger than one centimeter at similar altitudes to those of the 2007 Chinese ASAT test (Johnson 2009b). It was the first time two intact satellites accidentally crashed in orbit, challenging the “Big Sky Theory,” which asserts that the vastness of space makes the chances of a collision between two orbiting satellites negligible (Newman et al. 2009). Iridium uses a constellation of sixty-six satellites to provide voice and data services to 300,000 subscribers globally. As the company keeps several spare satellites in orbit, the collision caused only brief service interruptions directly after the event (Wolf 2009). Nevertheless, the event was highly significant as it demonstrated that the current population of space objects is already sufficient to lead to accidental collisions, which, in turn, can lead to the creation of more space debris and increased risks to operational space systems. This type of progressive space debris growth is worrisome. The U.S. military, for example, relies on commercial satellites like Iridium for over 80 percent of its wartime communications (Cavossa 2006, 5). 
AT: Large Debris

The US must act immediately – removing as few as five objects a year stabilizes the atmosphere 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 
A recent NASA study that simulated active debris removal over the next 200 years showed that certain pieces of space debris are more dangerous than others, in that they are more likely to cause debris-creating collisions (Liou and Johnson 2007). These more dangerous objects have masses of 1,000 to 1,500 kilograms and 2,500 to 3,000 kilograms; orbital inclinations of 70 to 75, 80 to 85, and 95 to 100 degrees; and orbital altitudes of 800 to 850, 950 to 1,000, and 1,450 to 1,500 kilometers. The study found that annually removing as few as five of these objects will significantly stabilize the future space debris environment (Liou and Johnson 2007, 3). These results suggest that the threat posed by space debris could be significantly reduced by annually removing several large pieces from critical orbits. This would make effective space debris removal much more straightforward and potentially manageable by one nation or a small group of nations. In other words, the countries responsible for the majority of the current space debris population—China, Russia, and the United States— not only should take responsibility, but also now can take responsibility. Efforts to develop removal systems should begin immediately. 
AT: Timeframe/Empirics

Fast timeframe and try or die 

David, ’10 – Leonard, has reported on the space industry for more than five decades. Fmr  editor-in-chief of the National Space Society's Ad Astra and Space World magazines and has written for SPACE.com (99-Now). “A Real Mess in Orbit: Space Junk to Hang Around Longer Than Expected,” Space.com, http://www.space.com/8875-real-mess-orbit-space-junk-hang-longer-expected.html. 

"The key point is that when we start removing large objects, it will take a lot of time and a lot of removals to prevent a few collisions ? or else we will have to come up with a better means to pick them," said Darren McKnight, technical director at Integrity Applications Incorporated in Chantilly, Va.  "Unfortunately, once the hazard is unacceptable and the impetus is created for action, it will likely take years for the active debris removal systems to be developed, tested and proven operationally effective," McKnight told SPACE.com. "In addition, it will take even longer for the associated incentive, regulatory, and policy formulations to evolve."  In McKnight's view, debris removal is a "Pay me now or pay me more later" proposition.  "That is where we are right now. There is insufficient hazard for an individual operator to perform debris removal, based on the hazard to an individual satellite. But the overall environmental stability is clearly at a state where continued lack of action will make the problem harder and more expensive to deal with at some point," McKnight said. 
Recent events create a particular need for emergency 

Kaplan, ’10 – Dr. Marshall H, Ph.D., has over 35 years of academic and industrial experience. In addition to publishing some 100 papers, reports, and articles on aerospace technologies, he is a member of the AIAA Technical Committee on Space Transportation and holds advanced degrees from MIT and Stanford University. “Space Debris Realities and Removal,” John Hopkins APL (Advanced Physics Lab), https://info.aiaa.org/tac/SMG/SOSTC/Workshop%20Documents/2010/Space%20Debris%20Removal%20-%20Kaplan.pdf. 

Recent events such as • Chinese ASAT test in 2007 • Collision of Iridium 33 & Cosmos 2251 in 2009 have increased the risk of debris collisions with operational satellites in certain zones of low Earth orbits. 􀂾These events have created an increased level of urgency in aggressively managing orbiting junk. 􀂾There is now a growing consensus that debris population reduction is inevitable if space is to remain freely available for commercial, scientific and security applications. 􀂾Currently, debris mitigation efforts are limited to minimizing new debris production. 􀂾Space-faring nations are beginning to consider intensified mitigation activities, including debris removal programs. 􀂾DARPA has initiated a debris removal effort called, “Catcher’s Mitt.”* 
Iridium collisions prove it could happen within months and is inevitable within a decade

Kaplan, ’10 – Dr. Marshall H, Ph.D., has over 35 years of academic and industrial experience. In addition to publishing some 100 papers, reports, and articles on aerospace technologies, he is a member of the AIAA Technical Committee on Space Transportation and holds advanced degrees from MIT and Stanford University. “Space Debris Realities and Removal,” John Hopkins APL (Advanced Physics Lab), https://info.aiaa.org/tac/SMG/SOSTC/Workshop%20Documents/2010/Space%20Debris%20Removal%20-%20Kaplan.pdf. 

On Feb 10, 2009, an active Iridium satellite and an expired Russian spacecraft collided, adding some 900+ new debris pieces to the catalog of tracked orbiting objects. This catalog now contains over 20,500 objects that are larger than 10 cm. 􀂾 This is the first known satellite-to-satellite collision. 􀂾Debris pieces scattered among the highly populated orbital planes of Iridium (66 satellites + spares) adding additional risk of subsequent collisions, e.g., • Don Kessler (former NASA debris scientist) expects another Iridium type event in about 10 years. • TS Kelso (CSSI)* anticipates a high probability of another collision within months. 
***Other Solvency Mechanisms***

**Cube Sail Solvency

Nano Satellites attached with sails can drag space debris from orbit forcing them to burn up in the atmosphere

O’Neil 10 

(Ian O’Neil, astrophysicist and writer for Discovery News, Cube-sails to drag space junk from space, http://news.discovery.com/space/cubesails-to-drag-space-junk-from-orbit.html) ASingh

The Nano satellite concept, designed by scientists at the University of Surrey and funded by the European space company Astrium, will be launched for space trials in 2011. Inspired by the solar sail -- a spacecraft propulsion system that uses the pressure of sunlight to get around space -- the CubeSail uses air resistance to slow down its motion. Unfolding into a 5×5 meter sheet of plastic, the CubeSail is designed to "drag" defunct satellites from orbit, making use of the thin wisps of atmospheric gases at orbital altitudes. Although the density of air molecules is low, it's enough to make the sail act like a parachute, slowing it down, dragging the dead satellite to a fiery reentry much sooner than it would have done otherwise. "Protecting our planet and environment is key for sustainable growth," said Vaios Lappas, lead researcher on the project. "CubeSail is a novel, low cost space mission which will demonstrate for the first time space debris/satellite deorb9iting using an ultra light 5 x 5 sail stowed and supported on a 3 kg nanosatellite." Seek and Destroy CubeSails? Although this system is intended to be attached to future missions that require a safe (and cheap) means of being removed from orbit, I can imagine this kind of system being attached to some kind of "seek and destroy" robot, taking out old orbital debris. The CubeSail could be launched alone and under its own power and guided to orbital debris being tracked from the surface. Once the robot "docks" with the debris, it opens its sail, pulling the junk from space. 

Nano Satellites are highly successfully dragging debris out of space 




            

 British Council on Space 2K10 (British Council on Dr. Lappas’ cube sail, space sail, http://www.britishcouncil.org/science-cubed-space-sail.htm) ASingh
Space debris is a hot topic among the space community. It’s partly because, according to Dr Vaios Lappas of the University of Surrey Space Centre, there’s currently about 5,500 tonnes of rocket and satellite debris floating around in space. ‘Last year, says Lappas, ‘we had a collision of two satellites that led to something like 1500-2000 pieces of space debris, very tiny pieces running around like bullets in our orbits.’ This is potentially harmful for satellites which provide us with everyday applications such as weather information, TV and mobile phone. However, a solution may be at hand. PARACHUTE Dr Lappas has been carrying out research on solar sails and deployable structures for some years with his students, and other researchers. They had developed the idea of a solar sail which could also be used like a parachute. When deployed it would increase the frontal area of the spacecraft, slowing it down and taking it out of orbit. Its size is 25m2 stored very compactly. ‘We are going to store it in a 10x10x30 cm box,’ says Dr Lappas, ‘but it’s not bigger than a loaf of bread.’ It’s called a CubeSat, which is a nanosatellite. They have a full test mission program. ‘In the first months,’ says Dr Lappas, ‘we will try various things like stabilising the sail, deploying the sail, pointing it to the sun – demonstrating solar sailing using the same principle as sailing on a boat here on Earth using photons coming from the Sun. Then towards the end of the mission we are going to point it to the velocity vector, and then use its front area to decelerate the velocity of the spacecraft, thus reduce the altitude.’ DOCKING ONTO DEBRIS They would like to commercialise the sail by making it a bolt-on instrument for future spacecraft and rockets. When a satellite comes to the end of its lifetime, the sail could be activated and the ship would come out of orbit. Finally, and this is five to ten years away, they want to find a way to dock it onto existing pieces of space debris. All the CubeSail tests so far are positive. ‘We’ve built a 2x2m mock up,’ says Dr Lappas, ‘and we are quite excited. We are getting some really good results.’
Nano Satellite Sails can bring down debris at quick rates – tested and successful 

Sample 10 (Ian Sample, Science Correspondent and staff writer for Gaurdian, UK firm plans to clean up space, http://www.guardian.co.uk/science/2010/mar/26/space-sail-orbit-debris) Asingh

British scientists have unveiled plans to clean up the junkyard of space by attaching giant sails to orbiting rubbish to drag it down into Earth's atmosphere, where it will burn up. Fifty years of space exploration have left more than 5,500 tonnes of spent rockets, defunct satellites and abandoned equipment hurtling around the planet and cluttering up the nearest reaches of space. The build-up of debris, which is growing at 5% a year, is a major threat to working satellites and crewed spacecraft, such as the space shuttle and the International Space Station, which have to alter their orbits occasionally to avoid a direct hit. Researchers at Surrey University and the space company, Astrium, developed 25-square-metre sails that pack into a "nanosatellite" no bigger than a shoebox, which can be attached to larger satellites and rockets before they are launched. The scientists plan a trial run, called CubeSail, next year, and hope to sell the sails to satellite and rocket operators if the technology works. "We need to start equipping our satellites today so we can start to solve the problem," said Vaios Lappas, project leader at Surrey Space Centre. "It would be good for us not to mess up space the way we've messed up our planet." Lappas said that within a decade, the sails could be pulling space junk into the Earth's atmosphere, where friction from air will cause it to burn up. To do this, the nanosatellite containing the sail would need to home in on a specific piece of space junk and stick to it before deploying its sail. Next year's test will look at two different methods. For debris in low Earth orbit, the sail will be angled so that residual air particles in the upper atmosphere slow it down, causing it to lose altitude. For higher debris, the sail will be pointed towards the sun, and pushed along by solar radiation. United Nations Office for Outer Space Affairs recommends that space companies find ways to bring their spent rockets and satellites down within 25 years of completing their missions. If that recommendation becomes law, technologies like the CubeSail could become standard fittings, just as airbags are in cars.

CubeSail prevents Satellite collisions and clears debris

Economist, 10 

(3/31/10, The Economist, “Clearing Space Junk, Sweeping the Skies, A Satellite that Tidies up after Itself,” http://www.economist.com/node/15814409 )

ARISTOTLE believed that the heavens were perfect. If they ever were, they are no longer. The skies above Earth are now littered with the debris of dead satellites, bits of old rockets and the odd tool dropped by a spacewalking astronaut. Such is the extent of the detritus that the first accidental collision between two satellites has already taken place. It happened in February 2009, when a defunct Russian Cosmos smashed into a functioning American Iridium, destroying both and creating even more space junk. To stop this sort of thing happening again Vaios Lappas of the University of Surrey, in England, has designed a system that will remove satellites from orbit at the end of their useful lives—and as a bonus will scour part of the sky clean as it does so. Dr Lappas’s satellite-removal system employs a solar sail. As light from the sun hits the sail, it imparts a minuscule but continuous acceleration. When a satellite is first launched, the sail is angled in a way that causes this acceleration to keep the satellite in orbit. (Orbits gradually decay as a result of collisions with the small number of air molecules found even at altitudes normally classified as “outer space”.)  Solar sails have yet to be used widely to propel spacecraft in this way—several earlier versions came unstuck when the sails failed to unfurl properly—but doing so is not a novel idea in principle. The novelty Dr Lappas envisages is to change the angle of the sail when the satellite has become defunct. Instead of keeping the derelict craft in orbit, it will, over the course of a couple of years, drag it into the atmosphere and thus to a fiery end. Not only that, but the sail will also act like a handkerchief, mopping up microscopic orbital detritus such as flecks of paint from previous launches. A fleck of paint may not sound dangerous, but if travelling at 27,000kph (17,000mph), as it would be in orbit, it could easily penetrate an astronaut’s spacesuit. A prototype of Dr Lappas’s design, called CubeSail, will be launched late next year. It weighs just 3kg (7lb) and, when folded up, measures 30cm (12 inches) by 10cm by 10cm. Once unfurled, however, the sail will have an area of 25 square metres. If this prototype, which is paid for by EADS, a European aerospace company, proves successful, solar sails might be added to many future satellites. That would enable them to be removed rapidly from orbit when they became useless and would restore to the skies some measure of Aristotelian perfection.

NASA has deployed Nanosatellite de-orbiting sail. 

NASA, 10 

(12/6/10, Kim N., NASA: Small Satellite Missions, “NASA Ejects Nanosatellite From Microsatellite in Space,” http://www.nasa.gov/mission_pages/smallsats/fastsat/10-162.html)

On Dec. 6 at 1:31 a.m. EST, NASA for the first time successfully ejected a nanosatellite from a free-flying microsatellite. NanoSail-D ejected from the Fast, Affordable, Science and Technology Satellite, FASTSAT, demonstrating the capability to deploy a small cubesat payload from an autonomous microsatellite in space. Nanosatellites or cubesats are typically launched and deployed from a mechanism called a Poly-PicoSatellite Orbital Deployer (P-POD) mounted directly on a launch vehicle. This is the first time NASA has mounted a P-POD on a microsatellite to eject a cubesat. FASTSAT, equipped with six science and technology demonstration payloads, including NanoSail-D, launched Friday, Nov. 19 at 8:25 p.m. EST from Kodiak Island, Alaska. During launch, the NanoSail-D flight unit, about the size of a loaf of bread, was stowed inside FASTSAT in a P-POD. "The successful ejection of NanoSail-D demonstrates the operational capability of FASTSAT as a cost-effective independent means of placing cubesat payloads into orbit safely," said Mark Boudreaux, FASTSAT project manager at the Marshall Space Flight Center in Huntsville, Ala. "With this first step behind us, we have demonstrated we can launch a number of different types of payloads using this common deployment system from an autonomous microsatellite like FASTSAT." "NanoSail D has multiple enabling technology demonstration objectives for this flight," said Joe Casas, FASTSAT project scientist at Marshall. Casas said when the NanoSail-D sail is deployed it will use its large sail made of thin polymer material, a material much thinner than a single human hair, to significantly decrease the time to de-orbit the small satellite without the use of propellants as most traditional satellites use. The NanoSail-D flight results will help to mature this technology so it could be used on future large spacecraft missions to aid in de-orbiting space debris created by decommissioned satellites without using valuable mission propellants. "This is a great step for our solar sail team with the successful ejection of the NanoSail-D satellite from FASTSAT," said Dean Alhorn, NanoSail-D principal investigator and aerospace engineer at the Marshall Center. "We had to carefully plan and calculate the ejection time, so we'd be lined up over the United States and our ground controllers to execute the next phase of the mission." After ejection, a timer within NanoSail-D will begin a three day countdown as the satellite orbits the Earth. Once the timer reaches zero, four booms will quickly deploy and the NanoSail-D sail will start to unfold to a 100 square foot polymer sail. Within five seconds the sail fully unfurls. If the deployment is successful, NanoSail-D will stay in low-Earth orbit between 70 and 120 days, depending on atmospheric conditions. NanoSail-D is designed to demonstrate deployment of a compact solar sail boom system that could lead to further development of this alternative solar sail propulsion technology and FASTSAT’s ability to eject a nanosatellite from a microsatellite -- while avoiding re-contact with the FASTSAT satellite bus. NanoSail-D was designed and built by engineers in Huntsville and managed at the Marshall Center with technical and hardware support from NASA's Ames Research Center in Moffett Field, Calif This experiment is a combined effort between the Space and Missile Defense Command,. Von Braun Center for Science and Innovation, both located in Huntsville, Ala. and NASA. FASTSAT launched on the STP-S26 mission -- a joint activity between NASA and the U.S. Department of Defense Space Test Program. The satellite was designed, developed and tested at the Marshall Center in partnership with the Von Braun Center for Science & Innovation and Dynetics Inc. of Huntsville. Dynetics provided key engineering, manufacturing and ground operations support for the new microsatellite. Thirteen Huntsville-area firms, as well as the University of Alabama in Huntsville, also were part of the project team.

NASA has deployed Nanosatellite de-orbiting sail. 

NASA, 11 

(4/26/11, Kim N., NASA: Marshall Space Flight Center, “NASA's NanoSail-D Satellite Continues to Slowly De-Orbit Earth's Upper Atmosphere,” http://www.nasa.gov/centers/marshall/news/news/releases/2011/11-055.html)
HUNTSVILLE, Ala. – NASA's nanosatellite NanoSail-D is slowly descending after successfully orbiting the Earth's upper atmosphere for 95 days since deploying its 100-square-foot sail on Jan. 20. The small satellite demonstration experiment continues its descent towards Earth, lending key sail data to the design of de-orbit mechanisms for future satellites. One of NanoSail-D's main mission objectives is to demonstrate and test the de-orbiting capabilities of a solar sail for possible use in de-orbiting decommissioned satellites and space debris. The NanoSail-D engineering and science team at NASA’s Marshall Space flight Center in Huntsville, Ala., have been monitoring the satellite's orbital characteristics since initial sail deployment. The team has learned that the satellite’s attitude dynamics is causing it to orbit the Earth in a flat spin as opposed to a random tumble, or facing into the direction of flight. This flat spin attitude causes the spacecraft to encounter less atmospheric drag, or particles, keeping it in orbit longer than originally estimated. "NanoSail-D has lowered its altitude above the Earth by approximately 28 miles (45 kilometers) from its original altitude of 400 miles (640 kilometers), and continues to descend," said Dean Alhorn, principal investigator for the NanoSail-D mission at Marshall. "Prior to launch, our original de-orbit analysis was based on a maximum drag attitude, which meant NanoSail-D would de-orbit in 70-120 days. Based upon NASA's current analytical assessments of the NanoSail-D tracking data, the team predicts NanoSail-D will continue to descend and eventually re-enter Earth's atmosphere and disintegrate six months to one year from sail deployment." "The NanoSail-D mission is NASA's first compact structure to deploy in low-Earth orbit and will be the first solar sail to de-orbit,” said Joe Casas, FASTSAT project scientist at Marshall. “The NanoSail-D mission continues to provide a wealth of data that will be useful in understanding how these type of de-orbit devices react to the upper atmosphere. The data we've collected from this small satellite mission is being evaluated in conjunction with data from the Fast, Affordable, Science and Technology Satellite, or FASTSAT, science experiments to better understand the Earth's upper atmospheric drag influences on satellite orbital re-entry." As NanoSail-D continues to descend, the large tent size sail will become even more visible to novice and veteran sky watchers. North American viewing opportunities will begin again in the early evening of April 27 and continue for 10-14 days. Since the satellite’s attitude is flat and the sail is highly reflective, the best conditions for viewing NanoSail-D are passes to the west of the viewer’s location.  The NanoSail-D experiment was designed and built by engineers in Huntsville and managed at the Marshall Center with design, testing, integration and execution of key nanosatellite activities by engineers at NASA's Ames Research Center in Moffett Field, Calif. This experiment is a collaborative partnership between the Department of Defense Space Test Program at Kirtland Air Force Base, N.M., and the Space and Missile Defense Command, the Von Braun Center for Science and Innovation, and Nexolve Corp., all in Huntsville and NASA. The NanoSail-D imaging challenge will continue through January 2012. For contest rules, satellite tracking predictions and sighting times visit:

NanoSail-D helps prevent Debris Collision

CSM, 11 

(1/2/11, Pete Spotts, The Christian Science Monitor, 

In a NASA first, NanoSail-D spacecraft to set sail on the sunlight; “NASA's NanoSail-D is expected to test a type of propulsion that taps the momentum of photons in sunlight. Advocates say solar sails provide the best way toward interstellar travel,”  http://www.lexisnexis.com.proxy.lib.umich.edu/hottopics/lnacademic/? )
Ironically, although NanoSail-D's systems are identical to those required for solar propulsion, the craft will be demonstrating something different over the next 70 to 120 days: the use of such sails for braking. NASA's first attempt to loft NanoSail-D came in 2008 aboard Falcon 1, the first in a growing stable of rockets and capsules built by Spacex, one of a new generation of rocket-makers. The company currently has a contract with NASA to resupply the International Space Station once evaluation flights end for its larger Falcon 9, whose first two launches were successful. Unfortunately, the Falcon 1 carrying the first NanoSail-D failed. The NanoSail-D currently in orbit is a back-up unit that engineers have continued to modify over the past two years. The craft was one of six payloads lofted by Orbital Science Corporation's Minotaur IV rocket on Nov. 20. The six payloads rode into space on a common "bus." NanoSail-D was to have ejected from the bus Dec. 6. "The door opened, but nothing came out," says Dean Alhorn, an engineer at the Marshall Space Flight Center in Huntsville, Ala., and the project's lead investigator. For more than a month, his team was in limbo, trying to figure out what might have caused the apparent failure. Then, to everyone's surprise, the craft phoned home Jan. 19, indicating that it somehow, finally, worked free of the bus. With the help of amateur-radio operators in the US, including the Marshall Space flight Center, and in Germany, who had equipment capable of receiving NanoSail-D's encoded communications, the team gathered up the data and judged NanoSail-D to be in good shape, if somewhat tardy. "I'm pleased with how everything has worked out," Mr. Alhorn says. The craft is orbiting some 350 nautical miles above Earth. There, drag from Earth's extended atmosphere exerts more influence on a spacecraft's speed than do photons from the sun. So the goal is to see how well a sail can guide a craft to a controlled reentry into Earth's atmosphere, where it would incinerate. By international agreement, satellite operators must design their craft to carry enough fuel to either boost themselves into an higher orbit reserved for dead spacecraft or to slow the craft for reentry. The goal is to reduce the likelihood that derelict spacecraft in low-Earth orbit will collide, adding to an already worrisome collection of spent boosters and dead satellites orbiting Earth. Collisions between these objects generate a tenuous but troubling cloud of debris that has threatened active spacecraft, including the International Space Station and the space shuttle. Solar sails are far lighter and cost far less than the motors and fuel craft currently must carry for deorbiting, Alhorn says. Even as NanoSail-D prepares to spread its wings, the Planetary Society has embarked on a three-step program of solar-sail development. It comes on the heels of a 2005 attempt to launch the organization's Cosmos 1 solar-sail demonstration craft. The Russian rocket lofting the craft failed before the craft could reach orbit. LightSail 1, which the Planetary Society says it hopes to launch during the first half of this year, would head directly for an orbit roughly 440 nautical miles above Earth. There, the influence of sunlight on the craft would exceed that of Earth's atmosphere, allowing for the controlled solar-sail flight the group hopes to achieve. LightSail 2 would be larger, last longer, and carry scientific payloads for earth observation. If all goes well, LightSail 3 would be designed to travel farm from Earth to provide early warning of solar storms that erupt from the sun.

NanoSattelites are the next big space mission, can be built to detect large earthquakes and volcanes

Moscow News 11

[Source: Andy Potts, “Nano-satellite scheme to predict natural disasters,” 18/02/2011, http://themoscownews.com/international/20110218/188431118.html]

It’s barely 20cm across, it weighs about 2 kg – and it could be the first step towards a breakthrough in predicting natural disasters. A revolutionary nano-satellite could become the rising star of Russia’s space programme, developed in conjunction with British scientists to test the physics behind a potentially life-saving scheme. The joint effort involving Russia’s Institute of Physics of the Earth and London’s Mullard Space Centre Laboratory hopes to develop a workable system to detect the electro-magnetic impulses which precede volcanic eruptions and earthquakes – and help timely evacuations. The science part Professor Vitaly Chmyrev, of the Russian institute, explained how it might become possible to predict future cataclysms. “Nature warns us when big natural disasters are coming,” he said. “There are indicators days, weeks and sometimes even months before an earthquake or a volcanic eruption. “If we can identify these signs, even though we can’t prevent an earthquake, we can try to predict what will happen and minimise the effects.” The cosmic part of this project involves a new TwinSat programme, with a nano-satellite developed in the UK forming part of a monitoring system. And that mini-machine, working in tandem with a parent satellite, will effectively open a “second eye” on the problem, greatly improving on the current rather haphazard orbital monitoring of geological hot spots Prof. Chmyrev told journalists at a briefing organised by Moscow’s International Science and Technology Center. With the opportunity to home in on well-known seismic fault lines, the planned 2015 launch would enable scientists to test the theories behind their early-warning system and move a step closer to making reliable predictions of earthquakes and eruptions. The potential problems Earthquake experts fear that a major quake under a city such as Tehran or Istanbul could cause up to 1 million deaths, due to a combination of high population density and relatively low-grade building. But before the project can produce a warning which might enable the authorities to intervene and save those lives, more work is required. The electro-magnetic impulses from the Earth’s crust as tectonic stresses build up are similar to the electro-magnetic signals generated by large cities – including those located on fault lines. “We don’t know yet how to distinguish between these,” admitted Professor Peter Salmon of UCL. “A more achievable goal at the moment would be predicting an earthquake without a mega city on top of it.” Predictions of that sort could still save lives and limit the destruction caused by tremors, and Prof. Salmon told The Moscow News he is hopeful that the new satellite system could provide vital information from the skies which can be tested alongside earth-bound analysis to enhance the quality of quake warnings. Space in miniature With the key nano-satellite component measuring 10x10x20 cm and weighing just 2 kg, the cost of the mission comes down sharply. Far from the $100 million price tags of old, the Russo-British joint project believes it can get into orbit for around $5 million. And, as Prof. Salmon added, that changes the whole aerospace equation. “Costs are coming down all the time and that is changing the game,” he said. “It’s a high risk project but it has a high potential return on very low costs.” Meanwhile nano- and micro-satellites could, in their turn, revolutionise future space travel. Professor Dhiren Kataria, also of the Mullard Space Science Laboratory, explained that these are small enough to piggy-back onto planned launches of traditional satellites. And once in space they can be used to service and support bigger orbiting modules or perform missions of their own. “Already we can release them from bigger satellites into more complex orbits around the Earth,” Prof. Kataria said. “Now we are carrying out feasibility studies with industries looking at other practical applications as well as using them in space to correct the direction of satellites.” 

A cubesail is a lowcost option for the space debris option

Science Daily, 10

[The Surrey Space Centre has a close working relationship with Astrium, part of EADS, focusing on technology innovation, 3/29/2010, “Nanosatellite to Clear Dangerous Debris from Space” http://www.sciencedaily.com/releases/2010/03/100327145501.htm]

 New UK technology unveiled on March 26 is set to play a major part in clearing dangerous clouds of debris hurtling around the Earth's lower orbit. More than 5,500 tonnes of debris is believed to be cluttering space around the planet as a result of 50 years of abandoning spacecraft, leading to a threat of collision to any manned or unmanned spacecraft, the destruction of hugely expensive technology and the potential threat of large debris plummeting back to Earth. The build-up of debris -- expected to grow at a rate of 5% each year -- is also believed to obstruct satellite television and other communications signals. Scientists at the University of Surrey, working on the project funded by the European space company Astrium, have devised a 3 kg miniature satellite or "nanosatellite" fitted with a "solar sail." "CubeSail" is a device which can be fitted to satellites or launch vehicle upper stages that are sent into orbit and then can be deployed to successfully de-orbit equipment that has reached the end of its mission. A 5 x 5 m, 3 kg, deployable sail is being developed to fit in a 10 x 10 x 30 cm nanosatellite and will be used in a demonstration mission to be launched in late 2011 demonstrating passive means of deorbiting for future satellites. Dr Vaios Lappas, lead researcher on the project and Senior Lecturer in Space Vehicle Control at the Surrey Space Centre, said: "Protecting our planet and environment is key for sustainable growth. CubeSail is a novel, low cost space mission which will demonstrate for the first time space debris/satellite deorbiting using an ultra light 5 x 5 sail stowed and supported on a 3 kg nanosatellite. "Successful deployment and testing of the sail can enable a low cost/mass solution to be used for future satellites and launch vehicle upper stages reducing dramatically the problem of space debris. "Following successful in orbit demonstration, the proposed deorbit system will be offered as a standard deorbit system for Low Earth Orbit missions for satellites with a mass of less than 500 kg at a very low cost." " CubeSail is due to be ready for launch on new satellites next year, and is expected to be available for shifting existing debris from 2013. Dr Craig Underwood, Deputy Director of the Surrey Space Centre, and Reader in Spacecraft Engineering at SSC, said: "The launch of this innovative new technology is very timely. This week's announcement of the creation of the UK's space agency is evidence of the commitment to space initiatives and their huge potential for creating growth in the UK economy. At the same time, this exciting future is increasingly dependent on finding a sustainable approach to launching and disposing safely of spacecraft. "Innovation in this area is crucial -- and we're keen that a Centre like ours, able to give firms early experience of new space technologies at low cost -- is central to the growing UK space industry. ]

Neg – AT: Cube Sail

CubeSail project faces mechanical and legal challenges

New Scientist, 10 

( 3/26/10, Paul Marks, New Scientist: Space, “Nanosatellite sets sail to tackle space junk, ” http://www.newscientist.com/article/dn18705-nanosatellite-sets-sail-to-tackle-space-junk.html)
But the history of spacecraft that unfurl or inflate devices in orbit is not a happy one: components often fail or get stuck. The Surrey team hopes that the novel mechanism of spring-loaded steel booms that is to deploy its sail will work as well in space as it has on Earth. "We have tested them at 1 g but not at zero g," says Lappas. "That's the challenge we face." "A US satellite called Aerocube 3 attempted to test an inflatable drag augmentation device last year. However, the deployment was unsuccessful," says Nicholas Johnson at Johnson Space Center in Houston, Texas, NASA's chief scientist for orbital debris. "Several earlier attempts to deploy solar sails and similar devices have also encountered problems." Joanne Wheeler, a London-based lawyer specialising in space law, welcomes the move – but with a caveat. "Anything that can be done to alleviate the space debris issue is worth trying," she says. "But organisations have to realise that they cannot simply de-orbit any piece of debris they think poses a risk. Even defunct satellites remain the lawful property of the launching country – so full permission from that state will be required." And that, she says, will not be straightforward: there is currently no internationally agreed definition of space debris.

**Aerogel Solvency Advocate 

Best Way to Capture Space Debris is Aerogel – sustains impact and captures small debris 

Burchell 06 – PHD in planetary physics

(Mark J. Burchell, May 2006, COSMIC DUST COLLECTION IN AEROGEL, Vol. 34: 385-418, pg 406)  
Aerogel has now been used for almost two decades to capture particles at high speed. It has been extensively deployed in space, and suitable extraction and analysis techniques have been developed for the captured cosmic dust. The return of the Stardust cometary dust samples in 2006 will undoubtedly trigger a major burst of interest in capture of dust in aerogel. For most researchers, the aerogel will be of no interest, it is study of the dust that is the real scientific goal. Based on the work reviewed above, such researchers can have confidence that a sufficient understanding of aerogel and its use as a capture medium has been obtained. Analysis techniques (a range of which have been outlined here) are sufficiently developed and tested to permit the detailed study of captured dust. Aerogel capture cells can thus be considered to have reached maturity as a scientific method for the study of cosmic dust. The dust extracted from aerogel contains unaltered samples of the original grains (if the original particle was sufficiently robust). These are, in general, far superior to the residues (found in impact craters) currently used to analyze cosmic dust. The sizes and volumes will be in nanograms, but for current analysis techniques this is not an issue. Although some analysis can be applied in situ, more detailed analysis requires that the particle either be exposed on a cut aerogel surface or completely extracted. This can then permit a precise mineral composition involving interelement stoichiometric ratios. For analysis of volatile and organic components, there may be difficulties related to heating and contamination during the capture process that limit the precision of any subsequent analysis. Nevertheless, some organic analysis is possible, as described above. One difficulty with capture in aerogel lies in the treatment of submicron grains. It is not clear how these can be found optically (although the larger tracks may be visible at the micron scale, the captured particle will not be). Nor is it clear how these could be found by any other spectroscopic analysis technique. This may well set a lower limit to the size of particles that can be studied after capture in aerogel. Overall, aerogel offers a readily usable medium for capturing cosmic dust in space. The next decade will see more use of it and a growing volume of scientific results based on captured cosmic dust. 

Aerogel is testing and is extremely effective in capturing small, high speed space debris particles – tested and works really well 

Burchell 06 (Mark J. Burchell, PHD in planetary physics, May 2006, COSMIC DUST COLLECTION IN AEROGEL, Vol. 34: 385-418, pg 406)  
The classic particle capture in aerogel at high speed produces a carrot-shaped track near the end of which is found a relatively intact particle (Figures 2 and 3). The track can easily be seen in the transparent aerogel. It has an entrance hole (Figure 4) that is larger than the cross-sectional area of the particle. Beyond the entrance, the track quickly widens by approximately 50% and then slowly tapers along its length until it is the particle size. The track is typically in line with the impact direction until near its end, where the particle may deviate significantly from this direction. The captured particle may have acquired a partial wrap of molten aerogel during its capture. When considering the use of aerogel as a capture medium for particles in space, the impact speed is important. In LEO, the typical impact speed of man-made debris is in the range of 7 to 11 km s−1 and is typically 20 to 25 km s−1 for dust from interplanetary space. Indeed, if the dust is interstellar or from a prograde long-period comet, it can be as high as 60 to 70 km s−1. Specific impact speeds may be determined for particular space missions. For example, the NASA Stardust mission has used aerogel to capture cometary dust at 6.1 km s−1 (see below). Unfortunately, not all these speeds are achievable in laboratory experiments at the required particle sizes. The two main techniques for particle acceleration are (a) the two-stage light gas gun and (b) the Van de Graaff accelerator. The former can only achieve speeds of 8 to 10 km s−1 at most, but can do so for millimeter-sized particles. The latter can achieve speeds of up to 100 km s−1 but only for submicron-sized dust grains. Indeed, in a Van de Graaff dust accelerator, particle size and speed are inversely correlated (e.g., see Burchell et al. 1999a); a 1 micron particle is typically accelerated to 3 to 5 km s−1, and it is the smaller, submicron particles that are accelerated to higher speeds. Unless stated otherwise, the experiments described herein were performed with light gas guns. The first report of successful capture of high-speed particles in aerogel under controlled conditions was by Tsou et al. (1988), with aerogel of density 150 kg m−3 and glass beads fired into it at a speed of 5.13 km s−1. They found clear tracks and captured particles in the aerogel. Glass beads of 50 μm diameter left tracks approximately 1.5 mm long. They also found observable tracks from particles as small as 10 μm. In a second paper (Tsou et al. 1989), the same group showed that a 1.6-mm-diameter aluminum sphere could be captured relatively intact in aerogel of density 50 kg m−3. The track length was given as of order 20 cm and at 5–6 km s−1, only some 60% of the original particle's mass was recovered in a single object at the end of the track.
Aerogel has been tested many times and is highly successful in capturing large and small pieces of debris – even deployed on the ISS as an experiment however more is needed 

Burchell 06 (Mark J. Burchell, PHD in planetary physics, May 2006, COSMIC DUST COLLECTION IN AEROGEL, Vol. 34: 385-418, pg 406)  
Even before it had been demonstrated that aerogel could capture particles in high-speed impacts, aerogel dust collectors were already deployed in space. Initially flown on the space shuttle several times, aerogel collectors were then flown on a retrievable satellite (EuReCa), on the outside of the Mir space station (several times) on missions into interplanetary space (Stardust) and on the outside of the ISS. The first use of aerogel in space was on space shuttle flights STS 41-B, STS 41-D, and STS-61B in 1984/85 (Maag & Kelly Linder 1992). A common particle capture experiment (consisting of organic foams, aerogel, and kapton foil) was used. The aerogel in STS 61-B captured an aluminum oxide sphere (probably from the exhaust of a solid rocket motor). Later (in 1992) STS-47 also carried aerogel capture cells (density 20 kg m−3). After 170 h exposure time, the aerogel was examined on Earth and found to contain four hypervelocity impact tracks (Tsou et al. 1993). Although only an optical analysis was carried out, based on the characteristics of the tracks and particles, three of the four were tentatively identified as silicate in origin, with the fourth as man-made space debris. This is thus probably the first successful capture of extraterrestrial dust in aerogel in space. Similar cells were also flown on STS-57, STS-60, STS-64, and STS-68 (Tsou 1995). This was then followed by deployment of an aerogel collector on the European Space Agency's retrievable satellite EuReCa. The Ticce experiment contained four aerogel trays (0.04 m2 of 50 kg m−3 aerogel) and was exposed in space for 11 months. Analysis on the ground revealed 10 tracks and two bowl-shaped pits in the aerogel (Brownlee et al. 1994). Subsequent discussion of the impact conditions indicated a likely source for the extraterrestrial particles to be micrometeoroids with retrograde trajectories (Burchell et al. 1999b). Several experiments on the exterior of the Mir space station involved deployment of aerogel dust collectors. The Euro Mir '95 experiment was exposed from October 1995 to February 1996. Examination of its two aerogel (density 100 kg m−3) collectors back on Earth offers a cautionary tale (Shrine et al. 1997). One aerogel sample had broken up, apparently owing to a mechanical shock either from handling during retrieval or handling on the ground. The other showed no sign of impacts of particles (lower size limit microns), and flux models subsequently predicted only two such impacts were likely during its exposure. This illustrates that the brittle nature of aerogel requires special handling procedures and that exposures of short times or small surface area (i.e., a low area:time product relative to the expected flux) are of limited value. More successful was the deployment of 0.63 m2 of aerogel (20 kg m−3) on the exterior of Mir for 18 months as part of the Orbital Debris Collector (ODC) in 1996–1997 (Hörz et al. 2000). Hundreds of impacts were found during the subsequent analysis, some of which featured in-clusters (where it was assumed a primary impact on a nearby surface of Mir produced a swarm of secondary ejecta which then impacted the aerogel). Based on their depth (t) to diameter (D) ratios, the impact features were classified as tracks (t/D > 10), pits (0.5 < t/D < 10), or shallow depressions (t/D < 0.5). The pits were not analogous to any laboratory impacts and were held to arise from ultra-fast impacts. They contained no identifiable captured particle and little in the way of impact residues. The shallow depressions were in two main classes: one where flakes of material were stuck in the aerogel, probably from very-low-speed impacts, and the others were dish-shaped depressions, probably from low-speed liquid impacts. In general, these shallow depressions were considered to arise from contaminants from the Mir environment itself, hence their low impact speed. Recently, aerogel dust collectors have been deployed on the exterior of the ISS. For example, the Japanese experiment MPAC (Micro-Particles Capturer) deployed three units on the ISS in 2001 (Kitazawa et al. 2004). One was retrieved after 315 days exposure in 2002, the second was retrieved in 2004, and the third will be retrieved later. The aerogel in each unit consisted of 48 tiles (each 37×37 mm and 15 mm thick) of density 30 kg m−3. The number of features observed during analysis of the first retrieved unit exceeded expectations based on flux models by factors of 5 to 100, depending on particle size. This was attributed to a failure of the flux model used, contamination from the ISS environment and approaching vessels, or from secondary ejecta from impacts on nearby surfaces. It is clear from the experiences of both ODC (Mir) and MPAC (ISS) that these latter two points have to be allowed for when making flux measurements based on counting impacts in aerogel. Further, if the flux model used with the MPAC analysis was not in error, then it seems these contaminants (man-made debris from the local environment) or showers of ejecta from nearby surfaces may significantly dominate the captured particles in aerogel deployed in LEO.

**EDDE

EDDE solves all debris in LEO in 7 years— propellantless and sustainable

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
The ElectroDynamic Debris Eliminator (EDDE) is a low-cost solution for LEO space debris removal. EDDE can affordably remove nearly all the 2,465 objects of more than 2 kg that are now in 500-2000 km orbits. That is more than 99% of the total mass, collision area, and debris-generation potential in LEO. EDDE is a propellantless vehicle that reacts against the Earth's magnetic field. EDDE can climb about 200 km/day and change orbit plane at 1.5/day, even in polar orbit. No other electric vehicle can match these rates, much less sustain them for years. After catching and releasing one object, EDDE can climb and torque its orbit to reach another object within days, while actively avoiding other catalogued objects. Binocular imaging allows accurate relative orbit determination from a distance. Capture uses lightweight expendable nets and real-time man-in-the-loop control. After capture, EDDE drags debris down and releases it and the net into a short-lived orbit safely below ISS, or can take it to a storage/recycling facility. EDDE can also sling debris into controlled reentry, or can include an adjustable drag device with the net before release, to allow later adjustment of payload reentry location. A dozen 100-kg EDDE vehicles could remove nearly all 2166 tons of LEO orbital debris in 7 years. EDDE enables and justifies a shift in focus, from simply reducing the rate of debris growth to active wholesale removal of all large debris objects in LEO. 

Debris threatening to satellites—they’re key to a variety of functions

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
Space debris from discarded upper stages, dead satellites, and assorted pieces from staging and tank explosions has been growing since the beginning of the space age. This has increased the risk to active satellites, and the need for avoidance maneuvering. These thousands of pieces of space junk in Earth orbit pose risks to our space assets such as communication and navigation satellites, environmental monitoring satellites, the Hubble Space Telescope and the International Space Station (ISS)1. More importantly, they pose a risk to the astronauts who work outside the space station or who repair satellites, as the space shuttle Atlantis astronauts did for Hubble last year. In addition to the Hubble’s bad camera and failing gyros, its solar array had a hole in it the size of a .22-caliber bullet. Figure 1 is a depiction of the tracked objects over 2 kg crossing the orbit of a space vehicle in low Earth orbit (LEO). 

One collision sets off Kessler Syndrome—LEO unusable for 100 years

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
The NASA Orbital Debris Program Office at the Johnson Space Center in Houston studies space debris and formulates rules to limit debris creation. These rules include eliminating throwaway bolts and latches when spacecraft are placed in orbit, venting fluid tanks to prevent explosions, and requiring that satellites re-enter the atmosphere within 25 years after their missions are completed. But the office director, Nicholas Johnson, says that unless we begin removing existing debris from orbit, the inevitable collisions involving objects like 8-ton rocket bodies and 5-ton dead satellites will create tens of thousands of new pieces of debris, resulting in the “debris runaway” or “Kessler Syndrome” that would make LEO unusable for hundreds of years2. 

LEO collisions must be addressed first—most probable collisions

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
Space debris can be divided into different orbital regimes and levels of danger to spacecraft and astronauts. Most catalogued debris is in LEO, defined as orbits below 2000 km altitude. In geostationary Earth orbit (GEO), there are many high-value broadcast satellites and environmental satellites, but relatively few debris objects. The debris objects in GEO, such as the Galaxy 15 satellite that is drifting, move at low velocities relative to operational satellites, and do not yet pose the danger of high-velocity collisions that can create tens of thousands of new pieces of debris. In medium Earth orbit (MEO), defined as orbits between 2000 km and GEO, there are fewer satellites and debris objects, and the dangers of collisions are much lower. The LEO regime represents the more immediate problem. There are more debris objects, the results of collisions can be more catastrophic, and the highest value asset, the International Space Station, is in LEO. For these reasons, active debris removal in LEO should be addressed first. 

EDDE is the best solution—cheapest and propellantless, experiments verify

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
The most near-term and technically advanced method presented was a roving space vehicle that can capture LEO debris objects in nets and drag them down safely out of the space lanes. EDDE, the ElectroDynamic Debris Eliminator, is the first space vehicle that can remove all the large debris from LEO at reasonable cost4. EDDE is a new kind of space vehicle5. It is not a rocket that accelerates a payload by throwing propellant mass in the opposite direction. EDDE is an electric motor/generator in space. It maneuvers by reacting against the Earth’s magnetic field, and uses no propellant. This means that it is not limited by the Tsiolkovsky rocket equation. It can produce enormous delta-Vs of hundreds of km/sec over its operational lifetime. An EDDE vehicle equipped with solar panels for power and expendable capture nets could safely remove from orbit its own mass in debris each day on average. The principle of operation of an EDDE vehicle is shown in Figure 2. The vehicle is in low Earth orbit, moving in the Earth’s dipole magnetic field and surrounded by the ionized plasma from the solar wind that is trapped in the ionosphere. Solar arrays generate an electric current that is driven through the long conductor; the magnetic field induces a Lorentz force on the conductor that is proportional to its length, the current, and the local strength and direction of the magnetic field. Electrons are collected from the plasma near one end of the bare conductor, and are ejected by an electron emitter at the other end. The current loop is completed through the plasma6. This propellantless propulsion was demonstrated in orbit by NASA Johnson on their Plasma Motor Generator experiment. The average thrust going down can be considerably higher than that going up, because energy is being extracted from the orbital motion. A schematic of EDDE is shown in Figure 3. It consists of a long conductor, solar arrays, electron collectors and emitters, and net managers at each end to deploy large, lightweight nets to enfold and capture debris objects. The EDDE hardware is shown in Figure 4. 

No turns—even if EDDE were hit, it still works or could safely de-orbit

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
Because there are many units of each element in the electrical circuit, even if EDDE were cut in two by a meteoroid, each end could still function as an independent satellite, or safely de-orbit itself. For debris removal, each end body is equipped with a net manager that carries about 100 Kevlar nets of 50 g each. To catch a debris object, a net is extended by the rotational force as the EDDE end approaches the target at a few meters per second. The net snares the target, and EDDE actively damps out the dynamics, even if the object is spinning or tumbling up to about 1 rpm. Most debris objects are rotating much slower than this because of the eddy-current damping of their aluminum structure and the tendency of the gravitygradient force to align them vertically. 

No launch costs—EDDEs are compact enough to piggyback with other satellite launches

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
A further advantage of the EDDE propellantless spacecraft is that it folds up very compactly. Despite deploying to 10 km long, it folds up into a compact box 60 cm square and 30 cm deep. This allows it to be launched in one of the secondary payload slots of the Boeing Delta 4 or Lockheed Atlas 5 ESPA ring. It can also be launched as a secondary payload on the Orbital Sciences Pegasus air-launched vehicle, and the new SpaceX Falcon 1 and Falcon 9. If there is some payload margin for the launch vehicle, then there is little additional cost to launch EDDE vehicles piggyback. Two EDDE vehicles can fit into each secondary payload slot, or just one EDDE plus several nanosatellites to be carried to custom orbits after the primary payload is released. For typical values of a few kilowatts of electric power from large, thin-film solar cells, a few amps of current and a 10-kilometer-long conductor, the force is typically half a newton. This is a very small force compared with typical rockets, but its advantage is that it operates continually, orbit after orbit, gradually changing the orbital elements. The result is a lowthrust system that changes orbits slowly, but has very high capability for very large orbit changes. The thrust is several times that of the ion rocket that drove the NASA Deep Space 1 probe to Comet Borrelly in 2001. Reversing the current at the right times around each spin and each orbit allows any desired combination of coordinated changes in all 6 orbit elements. The force can also be used to change the orientation of the conductor by changing the EDDE rotation rate and plane. 

EDDEs are the cheapest, most effective way to remove debris—prefer comparative evidence

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
By using lightweight solar arrays, a reinforced aluminum ribbon conductor, and hollow cathodes at each end to run reversible currents, a typical EDDE spacecraft produces about 7 kW of power and weighs 100 kg, and can make large changes in its orbit in a fairly short time. Figure 5 shows typical rates of change of inclination, node, and altitude of the EDDE orbit10. The deboost rate can be much higher than shown, because additional energy is extracted from the orbital motion through the emf. These rates are possible over altitudes of about 300 km to 1000 km, and are reduced at higher altitudes by lower magnetic field strength and plasma density. A bare EDDE vehicle without a payload could go from the International Space Station 51.6( inclination orbit to 90(-inclination polar orbit in about 3 weeks, a deltaV of nearly 5 km/sec. Using conventional rockets for space debris removal is extremely difficult. To launch a satellite into low Earth orbit, it must be given a velocity of 7 or 8 km/sec. With chemical propellants, even our best launch vehicles put only about 4% of the total launch mass into orbit. But to change the orbit of a satellite already in orbit can require even higher velocities. For example, to move a satellite from equatorial to polar orbit takes 1.4 times the orbital velocity, or about 10-11 km/sec. It would actually be easier to launch another satellite from the ground than to make this orbit change! Launching a chemical rocket from the ground to remove the debris, each piece in its own orbit, would be extremely expensive. The enormous advantage that the propellantless EDDE vehicle has over conventional rockets is shown in Table II, which compares different propulsion systems in performing the task of removing the 2465 objects in LEO weighing over 2 kg. 
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NH; Arcjet 00 300 250 tons
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EDDE’s net manager catches debris—solves errors on the go

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
As shown earlier in Figure 3, the “net manager” hangs outboard of the emitter, at the end of a 100-m tether that can be reeled in or out to abort the capture, compensate for trajectory errors, and pull the net up around a target. The rendezvous strategy allows free returns each orbit, so the operator can “be choosy” and attempt capture only when success appears likely. Reeling tether in and out allows easy late error corrections in one axis. Reeling in and out earlier also allows minor spin-phase correction, using Coriolis effects. Figure 7, on the next page, shows 3 frames from a spin-up test of a hanging net, as seen by the net manager, which itself spins while spinning up the net. To allow testing in air, the net was made of heavy bead-chain material, so inertia and weight are dominant over air-drag. The intended payload trajectory, shown as an arrowed dashed line, is curved in the rotating reference frame of the net and net manager. This test was done in 2002 as part of a Phase I NIAC project.13 

Successful tethering applications prove EDDEs solves debris 

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
Several successful spaceflights have demonstrated tether deployment and operation in orbit. The SEDS1 and SEDS-2 flights by NASA Marshall deployed 20-km-long braided Spectra tethers, and SEDS-1 sent a 26-kg end-mass into a controlled entry. The PMG (Plasma Motor Generator) flight by NASA Johnson demonstrated motor/generator operation with a 500-m copper wire and a hollow cathode, which is enabling for EDDE. The TiPS (Tether Physics and Survivability Experiment) by the Naval Research Laboratory demonstrated a long lifetime for a 2-mm by 4-km tether between two end masses. The tethers and deployers for SEDS-1, SEDS-2, PMG, and TiPS were all designed and fabricated by STAR subcontractor Joe Carroll of TAI (www.tetherapplications.com). Joe Carroll also designed and fabricated electrodynamic tethers and deployers for ProSEDS (Propulsive Small Expendable Deployer System) and METS (Mir Electrodynamic Tether System). ProSEDS was built by NASA Marshall to demonstrate de-orbiting of Delta II upper stage using a 5 km electrodynamic tether. It was scheduled for launch but canceled after the Columbia accident. METS was built to keep Mir in orbit without fuel re-supply using a 7.5 km electrodynamic tether. It was scheduled for launch in early 2001, but canceled due to the decision to de-orbit Mir. Despite their not flying, these projects greatly advanced technologies crucial for electrodynamic tethers. A new electrodynamic tether system, TEPCE (Tether Electrodynamics Propulsion CubeSat Experiment), shown in Figure 8, is being developed by NRL. TEPCE is a 3-unit CubeSat demonstration of emission, collection, and electrodynamic propulsion16 planned for 2011. The two end pieces are connected by a 1-km conducting tether stowed in the center cube. The conductive tether design and stacer-driven deployment technique were proposed by Joe Carroll. Following the TEPCE flight and a possible followon, the EDDE program is aimed at a Mini-EDDE spaceflight of a scaled-down 50-kg vehicle 2-3 km long that will demonstrate large orbit changes and rendezvous. This will be followed by a missioncapable EDDE that can fly piggyback on any flight with a 100-kg payload margin. It will demonstrate the capture and de-orbiting of an inactive US object using a deployable net, such as a Pegasus upper stage of 176 kg mass that is 1.3 m long. 

No CPs – EDDE solves tethering best

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
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There are other methods for debris removal using electrodynamic tethers, but they are far less effective and far more risky than EDDE. It has been suggested that rockets could be used in a single orbit inclination to attach drag devices such as balloons or passive electrodynamic tethers to drag the debris down. 

EDDE solves – proved itself ready in tests

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
The immediate danger of LEO debris is now being recognized, as the urgency to prevent debris runaway. EDDE, for the first time, makes it feasible to remove all LEO debris over 2 kg at reasonable cost. The EDDE vehicle is based largely on concepts already proven in flight, mostly on projects in which EDDE team members played key roles. Some of EDDE's novel aspects are planned for test as part of NRL's TEPCE experiment next year, and others are being considered for a potential TEPCE-II test. We plan to mature all other novel aspects of EDDE under current SBIR and follow-on funding. We hope to be ready for an integrated 50-kg, 3-km "Mini-EDDE" flight test within 4 years. This test would use fullscale EDDE components, but fewer of them than in a full 10 km EDDE. Starting with next year's TEPCE test, this sequence of flight tests will validate EDDE's persistent maneuvering capability and allow extensive testing and refinement of EDDE components and software. Iterative refinement of software for control, rendezvous, and active avoidance of other tracked objects will also allow TEPCE and EDDE to assist the testing of upgraded space tracking and traffic management capabilities. 

EDDE provides materials for space processing

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
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EDDE can be used for a variety of useful purposes other than debris removal. To limit the dangers from re-entry, EDDE can deliver debris objects to a space processing facility that uses the aluminum in large upper stages as raw material for space processing and space manufacturing.

EDDE inspects failed satellites and predictions of space weather
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EDDE can deliver payloads to custom orbits, deliver fuel to operational satellites, deliver service modules to satellites, move satellites to new orbits, inspect failed satellites, and monitor space weather all over LEO. Multiple EDDE vehicles in different orbits could provide real-time maps of the ionosphere, keeping track of “space weather,” which affects satellite communication, and could also record the effects of solar flares and proton events on the Sun, which are dangerous to satellites and crew. 

EDDE provides the ability to fix failed satellites
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Perhaps more importantly, after there is enough confidence in EDDE operations including capture, EDDE can deliver aged or failed satellites to ISS for repair, even from sun-synch orbit. This will want to use capture without nets, probably using the two-stage capture concept shown on page 23 of ref. 13. After capture, EDDE needs to torque the orbit plane to bring the satellite to ISS and release it. During the transfer, replacement parts can be sent to ISS. After delivery and repair, EDDE can take the satellite back to its original orbit or a new one, for continued operation. There have been billion-dollar satellites that failed soon after launch. Such on-orbit repair operations could be a very valuable part of full-scale ISS operations. 

Neg – AT: EDDE

Even if EDDE is preferred, debris collection is incomplete

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
Debris removal using chemical rockets will be much more expensive by itself, but there is also another problem. These devices do not actively control the debris for collision avoidance during deorbit, have much larger collision cross-sections than the debris, and add to the collision risk during their longer de-orbit times. Using passive electrodynamic tethers, for example, would require having multikilometer tethers on hundreds of objects over years as they slowly spiral down to re-entry. This would result in a huge additional collision risk, especially to ISS. By contrast, EDDE removes debris objects quickly, each object within days, and actively avoids all tracked objects while dragging debris to disposal. Many operational issues need to be resolved for EDDE to perform its debris collection function, including agreements to capture debris objects, space object registration transfer or some other arrangement before handling any foreign-owned objects, if required, insurance for EDDE operator and debris owner, agreement on disposal or recycling methods, safety requirements on debris capture and removal.
EDDE fails—can’t track debris

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
Additional work is needed on tracking. EDDE has an unusual radar signature with multiple from objects in non-Keplerian trajectories. New tracking algorithms need to be developed to calculate the orbit of the center of mass of the EDDE vehicle, and to predict future positions by keeping track of the changing orbit from the continuous electrodynamic thrusting15. 

Your author intended EDDEs for private and government—USfG isn’t key

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
After these test missions, EDDE should be ready to begin removing debris from LEO, for U.S. and foreign customers, government and commercial, and to perform commercial operations of delivering and recovering satellites. It is unlikely that plausible improvements in alternative concepts can make any of them competitive with EDDE, because the wholesale debris removal that requires about 1 ton of EDDE vehicles would require 25 to 800 tons of vehicles using rockets. 

Your author concedes international cooperation is preferred—only way to solve

Pearson 10 – President of STAR, Inc., a small business in Mount Pleasant, SC he founded in 1998 that has developed aircraft and spacecraft technology under contracts to Air Force, NASA, DARPA, and NIAC, Mr. Pearson has degrees in engineering and geology, and is the author of nearly 100 technical articles, including invited articles for Encyclopaedia Britannica and New Scientist
 (Jerome Pearson, 14 January 2010.; Accessed 6/20/11; “ACTIVE DEBRIS REMOVAL: EDDE, THE ELECTRODYNAMIC DEBRIS ELIMINATOR”; Star Technology and Research, Inc. USA; http://www.star-tech-inc.com/papers/EDDE_IAC_Final_Paper.pdf)
We recommend that the international debris community immediately begin planning on removing debris with EDDE vehicles, which can be done more cheaply than current concepts for simply maintaining the status quo and not adding new debris. Planning should begin now for this removal, addressing the legal, diplomatic, treaty, and insurance implications of wholesale debris removal. 

 Privatization solves best – DARPA contracts Star Inc.

Korea Times 10; (8/23/10; “Clearing up space pollution with spacecraft nets”; Accessed 6/22/11; Lexis; online at: http://www.koreatimes.co.kr/www/news/nation/2010/08/182_71891.html)

A US company may provide a solution for space pollution through plans to create nets that can catch the ¡®space debris' floating around the Earth. Star Inc, a private space exploration company, revealed plans for a spacecraft equipped with nets called Electrodynamic Debris Eliminator (Edde), with funding from the US Defense Advanced Research Projects Agency (DARPA). 'This is a 100kg spacecraft with 200 nets attached, which can scoop up dead satellites or other stray junk,' the British paper ¡®Guardian' reported. 'The craft can then guide the junk into a safe orbit around the Earth or else direct it to glide safely into the middle of the ocean.' Star Inc expects a test flight by 2013 and real usage by 2017. Information on the project was presented in last week's 2010 Space Elevator Conference held in Redmond, Washington, USA. Space elevator is a proposed structure that reaches from the surface of the Earth to a satellite that would be launched near the geostationary orbit (an orbit directly above the Earth's equator); then, an elevator would move along the structure, allowing travel to space without launching. There are currently about 18,000 broken satellites and satellite parts at least 10 cm wide drifting around the Earth. The man-made junks are concentrated around the low-Earth orbit (160~2000km above Earth's surface), where it is less costly to launch satellites to. The junk moves at a rate of 29,000 km per hour and is a threat to spacecrafts, astronauts, and ¡®space elevators.' Therefore, many space development agencies in different countries have worried over them. 'It takes about 9 days for an EDDE to dispose of one piece of space debris,' Jerome Pearson, President of Star Inc said. 'A dozen of these craft will take only seven years to remove all 2,465 identified objects over 2kg floating in low-earth orbit.' An EDDE would approach space debris at a slow speed of 7.2 km per hour and catch it by opening its net like a butterfly's wings. Then, the EDDE would remove the debris to a ¡®waste disposal plant.' The machinery would have remote-operated spacecrafts at each end with an approximately 1km long net in the middle. Designers are also planning to add a solar generator and camera for detailed control over the two spacecrafts. 

**Agents

DOD

DoD must lead the effort to eliminate space debris- only agency capable of doing so in the future

Dinerman 09- Consultant for the DoD, Founder of Space Equity, a magazine focused on the finance and investing side of the space industry and senior editor for the Hudson Institute

(Taylor, “Unilateral Orbital Cleanup,” http://www.thespacereview.com/article/1365/1, May 4)

As with GPS cleaning up Earth orbit is a job best left to the US Department of Defense. It may legitimately be argued that the Pentagon already has too much to do and that the last thing it needs is to take on yet another task, especially one that involves providing the international community with another “global good”. However, in the broad scheme of things it would be better for the US military to provide this essential service than to leave it to NASA or to a nebulous international consortium. By the end of the next decade, NASA, if all goes well, will be getting out of the business of operating spacecraft in Earth orbit. The ISS may still be useful but one hopes that by then the Earth sciences mission will have been handed over to NOAA and to the National Science Foundation. In any case the agency has its hands full trying to accomplish the exploration goals that the President and Congress have already agreed on. 

Government is uniquely key – particularly the DoD

Kenyon 11 (Henry, writer for defense systems, http://defensesystems.com/articles/2011/03/17/satellite-2011-national-space-policy.aspx?admgarea=C41SR, Defense Systems, JMN)
A key part of the Defense Department’s efforts in supporting the National Space Policy is to strengthen security, stability and safety in space, a DOD official said March 16 at the Satellite 2011 conference in Washington, D.C. DOD’s framework for implementing the Obama administration's policy is embodied in the National Security Space Strategy, which was released in February. The current space picture, with new nations and corporate entities operating or poised to operate in space, is completely different from a decade ago, when the previous policy was written, said Audrey Schaffer, an analyst at the Office of the Deputy Assistant Secretary of Defense for Space Policy. She was part of a panel discussion on U.S. space policy at the conference. “Space has changed, and we need to change accordingly,” she said. DOD is following strategic approaches to support the administration's policy by promoting the peaceful use of space and partnering with other nations, Schaffer said. She noted that DOD is working to defend national space assets and that the National Security Space Strategy calls for more resilient systems and capabilities that would function even when they are degraded by an attack or jamming. The administration’s space policy seeks to meet the challenges of a space environment that is changing politically and physically. The policy stresses international cooperation while setting goals for developing a more robust and capable national infrastructure to support commercial and government space activities. Outlining the administration’s goals, Chirag Parikh, director of space policy at the National Security Council, said one of the main thrusts of the new National Space Policy was to energize and maintain a competitive domestic space industry that would help reinforce the commercial space and national industrial base. The policy also stresses international cooperation on the national and commercial levels. Parikh added that unlike most previous national space policies, the Obama administration's approach looks at the ground segment required to support the national satellite industry and its space assets. Besides emphasizing partnerships at the international and corporate levels, the policy also stresses the responsible use of space. Parikh said more nations and corporate entities are now launching spacecraft, a trend that makes it necessary to press for international guidelines on a range of issues, including safe and responsible launch and space operations and proper disposal of satellites and space debris.

DARPA

DARPA could recycle the space junk

Dillow 10

[Clay, Contributor at Popular Science, 8/16/2010, “DARPA's Giant Space Junk Net Could Remove Almost All Orbiting Debris” http://www.popsci.com/technology/article/2010-08/darpas-space-junk-remover-will-net-orbiting-debris-leo]
 

DARPA has a thing for butterfly tech. Last week it was sensors based on butterfly wings. This week, it's a space junk capturing vehicle armed with 200 nets that gathers space garbage, much as a lepidopterist would net butterflies for a specimen collection. The technology was presented on Friday at the annual Space Elevator conference. The Electrodynamic Debris Eliminator, or EDDE, is the brainchild of engineers at Star Inc. and ostensibly the DARPA backers that are funding its development. In practice, EDDE would zip around low earth orbit snaring bits of space garbage in its many nets where they cannot be a menace to other orbiting spacecraft. Star's CEO estimates that over seven years, 12 EDDE craft could clean up all 2,465 objects over 4.5 pounds that are currently being tracked through LEO. Once EDDE has a piece of space junk cornered, it can either hurl it into the South Pacific where it has little chance of doing any harm, or put it on a trajectory to burn up during re-entry. Or, Star insists, the pieces of junk could be recycled right there in space to create raw materials for the construction of future orbiting space stations or satellites. It sounds pretty out there, but Star has already begun testing the tech and should conduct a test flight in 2013. If that succeeds, EDDEs could begin a full cleanup operation in LEO by 2017.

DARPA’s catcher mitt works 

Dahl 10  (Sarah, Major, USAF “Is it time for space debris removal”, https://www.afresearch.org/skins/rims/q_mod_be0e99f3-fc56-4ccb-8dfe-670c0822a153/q_act_downloadpaper/q_obj_ebe8b7d6-fd6b-4522-8615-c350adc97d87/display.aspx?rs=enginespage) 
The tether and tape module solutions only apply to spacecraft, not the debris that’s left behind due to fragmentation and breakup. The Grapple, Retrieve, and Secure Payload (GRASP) Technology is a potential solution to capture non-operational spacecraft (and debris fragmentation) in orbit. This technology uses “lightweight inflatable booms to deploy a large net structure, which can be maneuvered around a space debris object and then collapsed to securely capture the object.” After capture, a de-orbit system such as a tether or tape module described previously could be used to dispose of the debris. Very little else is known about this capability in terms of anticipated development costs or its mass (thus, estimated launch costs could not be determined). However, DARPA has funded a study to determine if this solution is technically feasible. Results were positive in that a prototype successfully demonstrated this capability.  However, DARPA has not provided any additional funding to further the project. 

DARPA meeting signifies US is taking crisis seriously
Ansdell ’10 – second year graduate student in the Master in International Science and Technology Science program at George Washington University’s Elliott School of International Affairs 

(Megan, “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment, http://www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf)

Recognition of the significant challenges facing space debris removal has sparked new interest in finding innovative solutions. On September 17, 2009, the U.S. Defense Advanced Research Projects Agency (DARPA) released a Request for Information (RFI) seeking to “identify possible technical approaches for cost effective and innovative system concepts for the removal of orbital debris.” The RFI asked respondents to provide particulars about their concepts, such as an estimation of cost per kilogram of debris removed; an approach to complying with international goals of debris mitigation; and an approximate response time. In addition to the RFI, DARPA also co-hosted with NASA the first ever International Conference on Orbital Debris Removal in December 2009. The conference was “dedicated to discussing issues, challenges, and specific concepts involved with removing man-made debris from Earth’s orbit” and addressed “international politic[al] and legal concerns, safety issues, and economic constraints” (NASA 2009). The combination of this conference with the DARPA RFI will likely motivate new and innovative approaches to space debris removal needed to overcome the many aforementioned challenges. It is also a positive sign that the United States is taking the idea of space debris removal seriously.

DARPA + NASA Plan
DARPA or NASA could do the plan 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

The aforementioned 2009 International Conference on Orbital Debris Removal, co-hosted by DARPA and NASA, suggests that these two agencies could lead U.S. government efforts in space debris removal. However, it is important to recognize that DARPA and NASA are driven by very different motives: one is a civilian space agency, while the other is a defense research agency. Failure to appreciate these differences when establishing mission requirements could lead to a situation like that of the National Polar Environmental Satellite System (NPOESS), where the attempt to combine civil and military requirements into a single satellite resulted in doubling project costs, a launch delay of five years, and ultimately splitting the project into two separate programs (Clark 2010). Furthermore, any system developed through a joint NASA-DARPA partnership would need to be transferred to an operational agency, as both NASA and DARPA are research and development entities. The U.S. Air Force, as it is the primary agency responsible for national security space operations, is a possible option. 

Medium powered lasers solve- multiple lasers can prevent collisions- more effective than other methods

Mason et al. 11- Researcher at the NASA Ames Research Center and Universities Space Research Association, 

(James, Jan Stupl, William Marshall, Creon Levitt, “Orbital Debris-Debris Collision Avoidance,” http://arxiv.org/PS_cache/arxiv/pdf/1103/1103.1690v1.pdf, March 11)

It is clear that the actual implementation of a laser debris-debris collision avoidance system requires further study. Assumptions regarding the debris objects properties need refinement and a detailed engineering analysis is necessary before a technology demonstration can be considered. However, this early stage feasibility analysis suggests that a near-polar facility with a 5 kW laser directed through a 1.5 m fast slewing telescope with adaptive optics can provide sufficient photon pressure on many low-Earth sun-synchronous debris fragments to substantially perturb their orbits over a few days. Additionally, the target acquisition and tracking process provides data to reduce the uncertainties of predicted conjunctions. The laser need only engage a given target until the risk has been reduced to an acceptable level through a combination of reduced orbital covariance and actual photon pressure perturbations. Our simulation results suggest that such a system would be able to prevent a significant proportion of debris-debris conjunctions. Simulation of the long term effect of the system on the debris population is necessary to confirm our suspicion that it can effectively reverse the Kessler syndrome at a lower cost relative to active debris removal (although quite complementary to it). The scheme requires launching nothing into space - except photons - and requires no on-orbit interaction - except photon pressure. It is thus less likely to create additional debris risk in comparison to most debris removal schemes. Eventually the concept may lead to an operational international system for shielding satellites and large debris objects from a majority of collisions as well as providing high accuracy debris tracking data and propellant-less station keeping for smallsats. 

Air Force
USAF does the plan 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

The aforementioned 2009 International Conference on Orbital Debris Removal, co-hosted by DARPA and NASA, suggests that these two agencies could lead U.S. government efforts in space debris removal. However, it is important to recognize that DARPA and NASA are driven by very different motives: one is a civilian space agency, while the other is a defense research agency. Failure to appreciate these differences when establishing mission requirements could lead to a situation like that of the National Polar Environmental Satellite System (NPOESS), where the attempt to combine civil and military requirements into a single satellite resulted in doubling project costs, a launch delay of five years, and ultimately splitting the project into two separate programs (Clark 2010). Furthermore, any system developed through a joint NASA-DARPA partnership would need to be transferred to an operational agency, as both NASA and DARPA are research and development entities. The U.S. Air Force, as it is the primary agency responsible for national security space operations, is a possible option. 

***SATELLITES ADV***

Link Extensions

Increased amounts of space debris risks loss of satellites

IAF 08 (International Astronautical Federation, 2008, http://www.iafastro.net/index.php?id=558, “Space Debris,” JMN)

A NASA consultant, Donald Kessler, has said that it is possible in the future that the increasing amount of debris in orbit could eventually make satellites too prone to loss to be feasible. Every satellite, space probe and manned mission has the potential to create space debris. As the number of satellites in orbit grow and older satellites become obsolete, the risk of a cascading "Kessler Syndrome"becomes greater. In the modern world we have become reliant on satellites. They help forecast the weather, beam television signals across the oceans, route mobile phone signals and may even be providing some of the internet connection that allowed you to read this page. If space debris is going to put these vital tools at risk, solutions need to be found.

 

Action on small debris is uniquely key to deterring satellite destruction
Hitchens 07 – Director of the Center for Defense Information and its Space Security Project
(Teresa, author of Future Security in Space,  http://www.chinasecurity.us/index.php?option=com_content&view=article&id=186&Itemid=8, China Security, JMN)
The deliberate destruction of a satellite in a highly used orbit – creating mass quantities of space debris that will remain a global danger for decades – has deservedly been met with U.S. and international opprobrium. U.S. Air Force satellite tracking data is already showing that debris from the impact has spread from the FY-1C’s original orbit of about 850 kilometers in altitude to as high as 3,500 kilometers and as low as about 200 kilometers1 – an area of space that includes hundreds of satellites owned by numerous nations and commercial companies, particularly Earth-observation and weather satellites important in day-to-day civil life as well as the International Space Station.2 As of Jan. 29, some 517 pieces of debris have been publicly identified by the U.S. Air Force’s Space Surveillance Network (SSN), according to Dr. T.S. Kelso, technical program manager at Analytical Graphics, Inc.’s (AGI) Center for Space Standards and Innovation in Colorado Springs.3 David Wright, a physicist at the Union of Concerned Scientists in Cambridge, Mass., has estimated (based on NASA models) that the impact will create at least 800 pieces of debris larger than 10 centimeters in diameter (the size of a baseball) and some 40,000 other pieces of smaller debris, between 1 centimeter and 10 centimeters). 4 Most of the larger debris will eventually be tracked by the SSN, but the smaller debris will be difficult, if not impossible to track without at the same time damaging or destroying a satellite. So, it likely will be weeks if not months before the debris threat becomes clear. Even if China broke no laws, the destructive ASAT test violated at least the spirit, if not the letter, of the 1967 Outer Space Treaty, in which signatory nations (including China) pledge not to interfere with the space operations of others and to consult when national action might lead to such interference. China neither notified others nor has it conceded fully to calls for consultations; behavior that is simply unacceptable, particularly in peacetime. While China has now admitted to conducting the test after an inexplicable two weeks of official silence,5 official dismissals of any “threat” emanating from the test are not credible, and all space-stakeholders have not only the right but also the responsibility to press China for more details and transparency regarding their future intentions. Indeed, the cavalier attitude toward endangering other’s satellites raises serious questions about Beijing's credibility as a responsible space-faring nation – undercutting the good reputation that the Chinese leadership has been steadily building among the international space community. For example, concerns are already emerging about the potential negative impact of the test, and its implications for the future of the commercial space market.6 How that affects, or should effect, other nation's willingness to continue civil and commercial space cooperation with China will be discussed below, but suffice to say it is more than likely there will be repercussions at some level.
And, the amounts of debris will only get worse

IAF 08 (International Astronautical Federation, 2008, http://www.iafastro.net/index.php?id=558, “Space Debris,” JMN)

The majority the problematic, uncataloguable, space debris originally occured because of explosion events in higher orbits. Mission designers have until now have carried extra fuel on board in case it is unexpectedly needed. This extra fuel remains inside pressurised tanks once the rocket stage is discarded. Over time, leaks occur and a sudden explosive release of pressure can result. Each explosion creates thousands of small debris objects and about 100 tonnes of fragments generated during such events are still in orbit. This problem would be big enough but it is compounded - such debris collides with other objects causing ever more, and smaller, space junk. These tiny undetectable fragments are the main debris issue. According to the European Space Agency, 1 cm is the maximum size of debris that can be defeated by modern shielding technology. Space Shuttle windscreens have been damaged by flecks of paint as small as 0.3 mm in size travelling at a mere 14 400 kph. The fastest debris, at 50 000 kph, are travelling about 17 times faster than a bullet.

Statistics prove recent increase in space debris harm on satellites

Norris 11 (Guy, Aviation Week, Senior Editor at Aviation Week, 2011, http://www.aviationweek.com/aw/jsp_includes/articlePrint.jsp?storyID=news/dti/2010/11/01/DT_11_01_2010_p20-261164.xml&headLine=Space%20Junk%20Raises%20Growing%20Concern, JMN)
Could a real-life version of Watto, the unpalatable space junk dealer from the Star Wars movies, one day be the space warrior’s best friend? The U.S. Defense Advanced Research Projects Agency (Darpa) says the removal of spent vehicles and dead satellites, by de-orbiting or up-orbiting and possible salvaging, could be the only long-term solution to the growing threat of space debris. Until recently, such solutions were the realm of science fiction, but the urgency of the problem is changing that picture. Darpa warns the risk of unavoidable catastrophic collisions between objects in low Earth orbit (LEO) is growing. Since January 2007 there has been a nearly 50% increase in cataloged debris, largely due to the intentional destruction of the Fengyun-1C satellite by China in 2007, and the 2009 collision between an Iridium satellite and a retired Russian communications satellite. More than 35,000 man-made objects have been cataloged by the U.S. Space Surveillance Network, of which 20,000 remain in orbit, 94% as non-functioning debris. “These figures do not include the hundreds of thousands of objects too small to be cataloged, but large enough to pose a threat to approximately 900 operational satellites in orbit,” says Darpa. The true scale of the problem will be revealed as advanced sensors such as the recently launched U.S. Air Force Space Based Surveillance System augment the monitoring network. Darpa Tactical Technology Office Program Manager Wade Pulliam says the larger pieces include 1,800 rocket bodies and 3,200 payloads, of which “around 800 are maneuverable, and roughly half are in geostationary orbit (GEO). As a result, most of the mass in orbit (80%) cannot avoid catastrophic collision.” Pulliam, speaking at the recent American Institute of Aeronautics and Astronautics Space 2010 conference in Anaheim, Calif., says eventually “we have to go up and grab mass.” Darpa, which last year issued a request for information on technology for development of a possible orbital debris-removal capability, is part of a growing international group calling for active, cost-effective and innovative system concepts for dealing with space junk. Removal strategies divide along orbital lines, with LEO trending to de-orbiting and GEO toward hybrid up-orbiting, storage and salvage solutions. LEO proposals include drag-inducing electro-magnetic tethers, gravity gradient tapes and the ultra-thin balloon concept called Gossamer Orbit Lowering Device (GOLD) developed by Global Aerospace Corp. (GAC). “We’ve looked at an orbital tender that would carry 12-15 de-orbiting units,” says GAC President Kerry Knock. These would be attached to the junk and inflated, dramatically increasing aerodynamic drag. Ideally, the operator would wait until sunspot activity was at its highest before deploying the balloon, says Knock, as the extra solar radiation 

Small Space Debris Destroys spacecraft’s and satellites including the ISS 

Hitchens 09 (Theresa, director of research at the British American Security Information Council, Space Debris: Next Steps, http://www.unidir.org/pdf/articles/pdf-art2378.pdf) ASingh

Space debris is dangerous because of its potential to collide with and damage satellites and/or spacecraft. Even tiny pieces of debris such as paint flecks measured in millimetres can cause destruction. Debris is so dangerous because objects in orbit move at extremely high speeds—about 10km per second in LEO6—thus relative velocities and the energy generated at impact can be very high. In fact, NASA must replace one or two Space Shuttle windows after each mission as a result of damage by small pieces of debris.7 “We get hit regularly on the shuttle”, Joseph Loftus, then assistant director of engineering for NASA’s Space and Life Science Directorate, as quoted by space.com in September 2000, noting that, as of that time, more than 80 shuttle windows had been replaced because of debris impacts.8 Debris can also be a danger to people and things on the ground, as some space junk in LEO will eventually de-orbit, pass through the atmosphere and land. Although such landfalls are rare, they do happen when very large space objects de-orbit. For example, large pieces of Skylab fell over Western Australia in July 1979; in April 2000, pieces of a Delta 2 second stage rocket fell over Cape Town, South Africa.9 Debris—as well as the ever-increasing population of active spacecraft and satellites—can further interfere with astronomical observations by creating a form of light pollution (just like satellites or spacecraft, debris pieces can reflect sunlight and clutter efforts at sky mapping). Light pollution is not only a problem for civil astronomy, but also for military efforts at space surveillance, since tracking and monitoring space objects relies in large part on optical telescopes. In yet another parallel with pollution on Earth, it is much easier to prevent space debris than to clean it up. Indeed, currently there are no technologies that can reliably “clean up” space junk put up in decades past. Unfortunately, although preventing the creation of debris might be simpler than removal, it is not easy since it would require operators to incorporate special design features into their spacecraft or satellites. Nonetheless, many space-faring nations and commercial interests have woken up to the need for debris mitigation caused by concerns that if nothing is done now, certain highly useful orbital planes might no longer be safe for satellites and spacecraft. For example, the International Space Station is moved at least four times a year to avoid debris collisions.11 Certainly, with the high costs of launching and maintaining satellites—not to mention the costs of insuring them—commercial firms have no desire to see space become more cluttered with potentially damaging debris. Many of the major space-faring powers (including the European Space Agency, France, Japan, the Russian Federation and the United States) have put regulatory standards into place aimed at limiting the creation of debris from government-sponsored space operations; and other nations (such as China and India) are working to put into place similar “good practices”. The various debris mitigation standards now in place are similar, including limiting the amount of debris produced from normal operations, such as throwaway orbital stages or components; burning off fuel at the end of a satellite’s mission life; and removing non-operational spacecraft and rocket stages from orbit, either by de-orbiting objects in LEO (over a certain time) or boosting them up and out of the way into a so-called “graveyard” orbit for objects in GEO.12 However, these national efforts vary in scope and in application— some, for example, contain exemptions that allow waivers if a certain mitigation practice is deemed too expensive. Moreover, some space-faring powers still have not completely embraced the idea of mitigation practices, concerned that added costs might hamper their ability to develop competitive space industries.
Link – GPS 

Debris can destroy GPS satellites – also vulnerable to attack 

McGrath 9

[THOMAS M. MCGRATH, B.S., Virginia Tech, M.S., Naval Postgraduate School “What Happens if the Stars Go Out? U.S. Army Dependence on the Global Positioning System” 2-2009 http://dodreports.com/pdf/ada520135.pdf] AK
The GPS signal is vulnerable in the air, on the ground and in space. Most of the vulnerabilities discussed in open sources deal with jamming or spoofing of the ground based GPS receiver. Some discussion has also been arising about defense of the NAVSTAR satellites from shoot down. The current altitude of the NAVSTAR satellites, as medium earth orbit (MEO) satellites, is approximately 10,900 miles from earth (NAVSTAR GPS 2001). Comparing the GPS satellite altitude to that of the satellite shot down by China using a medium range ballistic missile in 2007 at 537 miles, nothing in any country’s arsenal can come close to reaching the NAVSTAR GPS Constellation (BBC News 2007). A critical item to note is that while a missile may not reach the GPS constellation, any debris released in space by an adversary with a missile that can go exoatmospheric can conduct anti-satellite operations. One crude method of intentionally damaging orbiting satellites has been documented since the late 1990s in Russian doctrine. ―If a rocket could carry 40 pounds of 00 steel buckshot available in most sporting goods stores it could kick the pellets out into an appropriate orbit with an explosive charge. Moving at relative velocities of about four miles a second, the tiny pellets would slam into and disable any satellite they encountered (Adams 2001, 15). Another possibility of satellite destruction, while not intended, is the ever increasing amount of space debris. The largest space debris incident in history was the Chinese anti-satellite weapon test on 11 January 2007. The event was estimated to have created more than 2300 pieces of trackable debris. The debris event is more significant than previous anti-satellite tests in that the debris field has a higher orbit altitude. NASA's Nicholas Johnson, Chief Scientist for Orbital Debris at the space agency's Johnson Space Center stated, ―This satellite breakup represents the most prolific and serious fragmentation in the course of 50 years of space operations‖ (David 2007).

Space debris can be detrimental to our satellite GPS systems – kills military operations

McGrath 9

[THOMAS M. MCGRATH, B.S., Virginia Tech, M.S., Naval Postgraduate School “What Happens if the Stars Go Out? U.S. Army Dependence on the Global Positioning System” 2-2009 http://dodreports.com/pdf/ada520135.pdf] AK
In looking back at the history of GPS, it is apparent that the technology has been around for quite some time. Its first use by the Army in combat operations was during Operation Desert Storm in 1991. The GPS constellation was not fully operational but allowed for 19 hours of coverage with a position error of 60 feet. In an October 1991 newsletter, the Center for Army Lessons Learned (CALL) noted only 500 demonstration receivers were owned by the Army at the outset of Operation Desert Shield (Dissinger 2008, 1). Times were much simpler then with limited navigation and limited availability. As technology became more complex and integrated in the Army infrastructure, GPS data was added virtually into every major system on the battlefield and in development. The Army had come to realize that fighting without GPS was not an option. ―Without assured access to space, the U.S. military could not effectively conduct military operations on land, at sea, or in the air (Pfaltzgraff 2009, 6). The rebuttal to the possibility of losing ―assured access to space‖ is that ―the GPS constellation continues to 24 age, but continues to function at or above U.S. Government (USG) published levels of performance (Department of Defense 2008a, 1). When the U.S. Army went to Operation Enduring Freedom (OEF), every soldier either directly interfaced with or was supported by GPS data. Every element of combat power utilizes GPS: movement and maneuver, fires, intelligence, protection, command and control, and sustainment (Department of the Army 2008a, 4-1). This is not an unknown phenomenon with respect to technology. As the Army learns more about any technology, they seek out ways to apply that technology to maintain battlefield superiority. It has been no different with the application of GPS technology. At what point does the technology opportunity become necessity? ―The disciplined and informed application of lethal and nonlethal force is a critical contributor to successful Army operations and strategic success‖ (Department of the Army 2008a, 1-19). On the battlefield of today, lightning-fast response to time-sensitive intelligence demands exact information with regard to position and timing. The usage of precision guided munitions (PGMs) to meet surgical strike requirements allows battlefield commanders to limit collateral damage if they have the time available. In order to utilize GPS data within PGMs, it must first be generated. While the targeting process can be expedited, accuracy will be affected as a result. According to LTC Christopher F. Bentley, the Army Deputy Fire Support Coordinator during Operation Anaconda [March 2002], ―Although PGMs give the U.S. military an unparalleled ability to strike any point on the earth precisely, the time required to mensurate a target’s coordinates and determine the DMPI [Decided Mean Point of Impact] to ensure the PGMs can hit the target is generally a luxury troops in contact don’t have‖ (Kaufman 2003, 9). LTC Bentley went on to say, ―In many cases, unguided munitions provide the same effects in a more timely manner and with greater economy than guided weapons‖ (Kaufman 2003, 17). Without satellites in space, many of the precision strikes or rapid knowledge of troop maneuvers battlefield commanders depend on would not be possible. Up through 2006, the GPS Satellites have successfully met the world’s needs for GPS data. According to the Government Accounting Office (GAO), that trend is in danger. The GAO report 09-325 predicts that a recent trend in delays (see figure 4) indicates a possibility of not maintaining availability in the future. The GAO report also stated that ―By delaying the delivery of ground control capabilities, the Air Force has created an imbalance between the capabilities offered by GPS satellites and the ability to exploit and make operational these capabilities through the ground control segment (Government Accounting Office 2009, 27). In addition, in the past five years there has been an exponential increase in space debris–mostly in Low Earth Orbit (LEO) but still a danger for the Medium Earth Orbit (MEO) satellites, especially during any craft’s initial transit to orbit. A large amount of this debris was caused by the Chinese satellite destruction on January 11, 2007 (David 2007, 1). Lastly, while not man-made, cyclical ―space weather‖ can deny effective transmission of GPS data from space. Space weather can be caused by solar flares and sun spots which irradiate the atmosphere and disrupt the transmitted GPS signal. Historically, solar cycles occur every 11 years. Dr. Genene Fisher of the American Meteorological Society states that ―Just as society takes for granted that electricity, heat, and clean water will be available, they also take for granted that GPS will be available, reliable, and accurate‖ (Fisher 2009, 1). She also stated that, ―it is understood that space weather is the single largest contributor to single-frequency GPS errors‖ (Fisher 2009, 1).
Space debris can destroy GPS data, forcing the military to resort to ineffective methods

McGrath 9

[THOMAS M. MCGRATH, B.S., Virginia Tech, M.S., Naval Postgraduate School “What Happens if the Stars Go Out? U.S. Army Dependence on the Global Positioning System” 2-2009 http://dodreports.com/pdf/ada520135.pdf] AK
Another key point to bring up is the number of systems that utilize GPS data and the lack of redundant capabilities that would allow the commander to successfully execute his mission. If GPS data reception is lost, the systems that utilize it must resort to other, less precise methods of positioning, navigation, and timing. All of these methods are less accurate and can take more time to complete. As discussed in chapter 4, numerous vulnerabilities exist that can deny the use of GPS data. A number of these vulnerabilities are out of the control of systems or battlefield personnel (such as space weather, space debris, and others). While information is available to predict some events that would limit GPS availability or reliability, the battlefield commander must understand and prepare for these events. The cascading effect of GPS loss would have a total force effect and requires careful and pre-determined actions to successfully operate in a degraded condition.

Space debris causes collisions with GPS and other satellite systems 

Ansdell 10 (2010, Megan, second year graduate student in Master of International science and technology program at George Washington University, Princeton Education, http://www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf, JMN)
Space debris increasingly threatens the provision of satellite services that have become integrated into the operations of the global economy and U.S. military, such as GPS precision timing and navigation. While studies suggest that annually removing as few as five massive pieces of debris in critical orbits could significantly stabilize the space debris environment, countries have hesitated to develop space debris removal systems due to high costs and classic free rider problems. This paper argues that the United States should take the lead in immediately developing systems to remove space debris with the greatest potential to contribute to future collisions. Although leading by example will entail certain costs and risks, U.S. leadership in preserving the near-Earth space environment will result in not only long-term benefits for the United States, but also the fulfillment of U.S. national space policy and broader U.S. foreign policy objectives. There are currently hundreds of millions of space debris fragments orbiting the Earth at speeds of up to several kilometers per second. Although the majority of these fragments result from the space activities of only three countries—China, Russia, and the United States—the indiscriminate nature of orbital mechanics means that they pose a continuous threat to all assets in Earth’s orbit. There are now roughly 300,000 pieces of space debris large enough to completely destroy operating satellites upon impact (Wright 2007, 36; Johnson 2009a, 1). It is likely that space debris will become a significant problem within the next several decades. Predictive studies show that if humans do not take action to control the space debris population, an increasing number of unintentional collisions between orbiting objects will lead to the runaway growth of space debris in Earth’s orbit (Liou and Johnson 2006). This uncontrolled growth of space debris threatens the ability of satellites to deliver the services humanity has come to rely on in its day-to-day activities. For example, Global Positioning System (GPS) precision timing and navigation signals are a significant component of the modern global economy; a GPS failure could disrupt emergency response services, cripple global banking systems, and interrupt electric power grids (Logsdon 2001). Furthermore, satellite-enabled military capabilities such as GPS precision-guided munitions are critical enablers of current U.S. military strategies and tactics. They allow the United States to not only remain a globally dominant military power, but also wage war in accordance with its political and ethical values by enabling faster, less costly warfighting with minimal collateral damage (Sheldon 2005; Dolman 2006, 163-165). Given the U.S. military’s increasing reliance on satellite-enabled capabilities in recent conflicts, in particular Operation Desert Storm and Operation Iraqi Freedom, some have argued that losing access to space would seriously impede the ability of the United States to be successful in future conflicts (Dolman 2006, 165). In light of these threats, certain measures have been taken to address the issue of space debris. In particular, internationally adopted debris mitigation guidelines are reducing the introduction of new fragments into Earth’s orbit. However, there is a growing consensus within the space debris community that mitigation is insufficient to constrain the orbiting debris population, and that ensuring a safe future for space activities will require the development and deployment of systems that actively remove debris from Earth’s orbit. The first-ever International Conference on Orbital Debris Removal, held in December 2009 and co-hosted by the National Aeronautics and Space Administration (NASA) and Defense Advanced Research Projects Agency (DARPA), illustrated this growing concern. At the same time, implementing active debris removal systems poses not only difficult technical challenges, but also many political ones. The global nature of space activities implies that these systems should entail some form of international cooperation. However, international cooperation in space has rarely resulted in cost-effective or expedient solutions, especially in areas of uncertain technological feasibility. Further, it will be difficult to quickly deploy these systems before the space environment destabilizes. Problems will also arise in dividing the anticipated high costs, as a small number of countries are responsible for the large majority of the space debris population, yet all nations will benefit from its removal. This paper begins with an overview of the growing space debris problem to illustrate the need to develop and deploy active removal systems over the next several decades. It goes on to discuss the political challenges in developing and implementing effective systems and concludes with recommendations for organizing and managing a space debris removal program in today’s geopolitical environment.

Space debris kills GPS

Ansdell ’10 – second year graduate student in the Master in International Science and Technology Science program at George Washington University’s Elliott School of International Affairs 

(Megan, “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment, http://www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf)

There are currently hundreds of millions of space debris fragments orbiting the Earth at speeds of up to several kilometers per second. Although the majority of these fragments result from the space activities of only three countries—China, Russia, and the United States—the indiscriminate nature of orbital mechanics means that they pose a continuous threat to all assets in Earth’s orbit. There are now roughly 300,000 pieces of space debris large enough to completely destroy operating satellites upon impact (Wright 2007, 36; Johnson 2009a, 1). It is likely that space debris will become a significant problem within the next several decades. Predictive studies show that if humans do not take action to control the space debris population, an increasing number of unintentional collisions between orbiting objects will lead to the runaway growth of space debris in Earth’s orbit (Liou and Johnson 2006). This uncontrolled growth of space debris threatens the ability of satellites to deliver the services humanity has come to rely on in its day-to-day activities. For example, Global Positioning System (GPS) precision timing and navigation signals are a significant component of the modern global economy; a GPS failure could disrupt emergency response services, cripple global banking systems, and interrupt electric power grids (Logsdon 2001). 

Space debris destroys space assets, including GPS

Moltz 2 [James Clay Moltz, associate director and research professor with the Center for Nonproliferation Studies (CNS) at the Monterey Institute of International Studies. Future Security in Space: Commercial, Military, and Arms Control Trade-Offs. Center for NonProliferation Studies. 2002. Scholar] AK
Maybe the reason missile defense has gotten as far as it has is that so few people understand the laws of physics. The nickname “Star Wars” for missile defense all too accurately reflects the popular fantasy impression of how things work in space. In the Star Wars movies and in hundreds of other popular science fiction films, we see things blow up in space and the fragments quickly dissipate, leaving space clear again. But in reality, space never clears after an explosion near our planet. The fragments continue circling the Earth, their orbits crossing those of other objects. Paint chips, lost bolts, pieces of exploded rockets—all have already become tiny satellites, traveling about 27,000 km per hour, 10 times faster than a high-powered rifle bullet. There is no bucket we could ever put up there to catch them. Anything they hit will be destroyed and only increase the debris. A marble traveling at that speed would hit with the energy of a one-ton safe dropped from a three-story building. With enough orbiting debris, pieces will begin to hit other pieces, fragmenting them into pieces, which will in turn hit more pieces, setting off a chain reaction of destruction that will leave a lethal halo around the Earth. To operate a satellite within this cloud of millions of tiny missiles would become impossible: no more Hubble Space Telescopes or International Space Stations. Even the higher communications and GPS satellites would be endangered. Every person who cares about the human future in space should also realize that weaponizing space jeopardizes the possibility of space exploration.

Space Debris will permanently take out GPS and every Satellite

Bethesda 10

[Launchspace, MD, “Grappling With Space Debris” 3/20/10 http://www.spacedaily.com/reports/Grappling_With_Space_Debris_999.html]
One of the hot issues within the spacecommunity is how to deal with orbiting debris. The first thing that we need to do is understand the problem. There are literally millions of pieces of orbiting junk that have been left in space by the world's space-farring nations over the past 50 years. Now we have a galactic mess on our hands. What do we do now? The first question is: Why do anything? We know it would be expensive to just go into space to pick up the trash. Nobody wants to pay for it. It is not productive. It will not solve the healthcare or economic crisis. No one is going to make money by spending billions to remove worthless trash. So, why are we even talking about it? The answer is simple and unfortunate. We have to clean up the space around Earth in order to preserve our modern way of life. Doing nothing will lead to the loss of space assets. The loss of these assets means you will lose a great deal of today's productivity and conveniences. If space were shut off for a day, consider how it would impact your life. There would be no GPS, i.e., that wonderful in-car navigation system would not work. Most of the banking transactions would be stopped or delayed for days. Your direct-to-home TV reception would cease to work. The U.S. power grids might simply shut down. Many of your credit cards would not work. Most intercontinental phone calls would not go through. National security would be severely compromised. And, finally and maybe most important, the Weather Channel might not work. Now think about permanently shutting off space. If nothing is done about space debris, we may well eventually have such a permanent shut down. So, we do have to do something to insure continued use of space for our everyday life. Fortunately, as we speak, the very best space engineers are tackling the problem of how to tackle space debris and get it out of the way. The most dangerous debris objects are those that used to be satellites. They have since expired and are now large derelicts of space. Some are simply orbiting around Earth in the same orbits that they occupied when they we alive. Others remain in their original orbits, but are spinning or tumbling out of control. Imagine you are appointed the astronaut that has the assignment to go after these wild pieces of debris. You are given a brand new space trash scow and your first task is to capture an old communications satellite that is spinning at 40 rpm. It is the size of a school bus and is totally non-cooperative. How would you bring it under control and attach a retro-rocket to it? The answer is: No one knows how to do it. So, there you are. There are hundreds of these spinning school buses out there and you have a job that cannot be done. Let's hope those space engineers that are now working the problem get an answer soon, or the lights may just go out. 
Link – Tech 

Satellites are key to telecommunications, broadband and remote sensing 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination.

According to forecasts published by the BBC, space industry profits will exceed $250 billion by the year 2010.46 Technologies such as telecommunications, global positioning systems, broadband, and remote sensing are being further developed for use in space. Of utmost priority, however, is the need for heightened space situational awareness and space debris elimination measures. Without space debris elimination measures, the possibility of a crescendo, known as the “Kessler Effect,” occurring at current debris levels remains high. In this scenario, large and small debris continually collide and fragment until the atmosphere at LEO becomes unusable. Space-faring nations would lose the ability for space exploration and technology such as the International Space Station (ISS) and Hubble Space Telescope might be compromised. In fact, the NASA space shuttle could also be rendered inoperable. 
**Satellites Impacts

Impact Calc – Exponential

Kessler Effect is irreversible 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination.

According to forecasts published by the BBC, space industry profits will exceed $250 billion by the year 2010.46 Technologies such as telecommunications, global positioning systems, broadband, and remote sensing are being further developed for use in space. Of utmost priority, however, is the need for heightened space situational awareness and space debris elimination measures. Without space debris elimination measures, the possibility of a crescendo, known as the “Kessler Effect,” occurring at current debris levels remains high. In this scenario, large and small debris continually collide and fragment until the atmosphere at LEO becomes unusable. Space-faring nations would lose the ability for space exploration and technology such as the International Space Station (ISS) and Hubble Space Telescope might be compromised. In fact, the NASA space shuttle could also be rendered inoperable. 
Risk = self-multiplying 

UCS, ‘8. Union of Concerned Scientists, a collection of academics and professionals. “Space Debris from Anti-Satellite Weapons,” April, http://www.ucsusa.org/assets/documents/nwgs/debris-in-brief-factsheet.pdf. 

Space debris is any human-made object in orbit that no longer serves a useful purpose. It includes defunct  satellites, discarded equipment and rocket stages, and fragments from the breakup of satellites and rocket  stages.   Space debris is a concern because—due to its very high speed in orbit—even relatively small pieces can damage or destroy satellites in a collision. Since debris at high altitudes can stay in orbit for decades or longer,  it accumulates as more is produced. As the amount grows, the risk of collisions with satellites also grows. If the  amount of debris at some altitudes becomes sufficiently large, it could be difficult to use those regions for  satellites.   Since there is currently no effective way to remove large amounts of debris from orbit, controlling the  production of debris is essential for preserving the long-term use of space.   
Impact – Economy 

The effect immediately reverberates globally 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination. 

Fifty years after their introduction, it is difficult to imagine a world without satellites. According to the Satellite Industry Association (SIA),41 satellite industry revenue topped $106 billion dollars worldwide in 2006. Noting “continued government and military demand and investment” and the “global appetite for more power, more mobility, more convergence,” SIA predicts a future market with even faster growth.42 As Charles Cynamon43 points out: We are living in a society with an insatiable appetite for technology….We are increasingly choosing to remotely transact business, to connect our computers to the Internet, to have an 18” satellite dish in lieu of cable TV, and to have the ability to contact anyone from anywhere with as small a phone as possible….The average person hardly realizes the extent they rely on commercial space systems.44 Currently, the following countries are major “actors” in space. Frank Klotz echoed a similar theme in a Council on Foreign Relations report: “While the public continues to identify space most closely with scientific exploration and high adventure, space has also become a big business and represents a huge investment in terms of capital assets and jobs.”45 Might satellite technology be history’s answer to Gutenberg’s printing press? Never before has information – and commerce – traveled so quickly. Given the integrated state of today’s global economy, any major fluctuation in satellite capabilities has the potential to reverberate throughout multiple nations. 
Space assets are critical to the economy- key source of revenue

Houston Journal of International Law 06

(“INCREMENTAL STEPS FOR ACHIEVING SPACE SECURITY: THE NEED FOR A NEW WAY OF THINKING TO ENHANCE THE LEGAL REGIME FOR SPACE,” http://www.hjil.org/ArticleFiles/28_3_871.pdf)

One of the primary reasons for the rapid proliferation of space actors in recent years is the growing realization that the space industry will continue to play a vital role in the growth of the world’s national economies. In 1996, global space industry revenue from commercial sources exceeded revenue earned from government spending on space activity for the first time (fifty-three percent to forty-seven percent of total revenue, respectively). 42 According to a report from the Department of Commerce, “the markets for commercial space transportation, satellite communications, space-based remote sensing, and satellite navigation totaled over $80 billion in global revenues in 2000.” 43 In addition to revenues, it has been reported that more than 800,000  people worldwide have been employed by the space industry since 1996. 44 Some of the most profitable hightech economic  sectors in the world, such as software and hardware development and telecommunications, have been fueled by civilian space activities. 45 In the United States alone space-technology industries have generated approximately $125  billion worth of profits in 2000, and it is estimated that by 2010 U.S. investment in outer  space could reach as high as $600  billion, which would be comparable to the total current U.S. investment in Europe. 46 

Satellites collisions would cause economic panic

Space Daily 09 (August 31, 2009, http://www.spacedaily.com/reports/Space_Debris_Problem_Solved_999.html, Space Daily, JMN)

Upper stages must vent tanks to rid them of residual propellant that might later result in explosions. Many satellites are maneuvered to avoid close-conjunction events. JSpOC is beefing up its satellite and debris tracking capabilities. National and international working groups are meeting regularly to assess the threat and to recommend actions for all space-faring nations. The world is just one major satellite collision event away from panic. Instances of close conjunction events in highly congested orbital bands have increased dramatically in the past few years. In fact, the frequency of close encounters between active satellites and large debris objects within the Iridium constellation has reached a frighteningly high level. Odds are that there will be another Iridium/Cosmos type of event in the near future. Should such an event occur, several bad things will happen to many satellite operators. If another Iridium satellite is involved the company would be forced to replace the lost satellite. The frequency of close encounters in orbits near that of Iridium's constellation would suddenly increase to levels that would cause several operators to reassess the viability of existing space applications. Satellite insurance providers might be forced to raise premiums on in-orbit performance to record high levels. Future launch plans for almost all low orbit satellites may be curtailed. Space-based services to the world would diminish over time. The economic impact is not even calculable. This is scary!
Satellites key to globalization and precision warfare- only moral option

Moore 09- author of Twilight War: The Folly of U.S. Space Dominance, former editor of the Bulletin of the Atomic Scientists and a Research Fellow with The Independent Institute

(“Space Debris: From Nuisance to Nightmare,” Foreign Policy, http://www.foreignpolicy.com/articles/2009/02/11/space_debris_from_nuisance_to_nightmare, February 12)

End of story? Not quite. Orbital space is a natural resource, as surely as land, air, and water. It must be protected because it is home to nearly a thousand satellites put up by many countries -- communications, geo-observation, geopositioning, weather, and other kinds of satellites. Globalization would not be possible without commercial satellites. Further, the United States' military-related birds permit the country to conduct precision war. For the first time in history, satellites provide the data and the guidance necessary to enable bombs and missiles to actually hit the targets they are fired at. That's a moral plus. If a war must be fought, it should be prosecuted in such a way that military targets are hit and civilians spared to the greatest extent possible. No other country can fight a conventional war as cleanly and humanely as the United States. Satellites make the difference. 

GPS satellites are directly key to US competiveness and leadership. Any disruption would collapse the economy

Pham 11 - Ph.D. in economics from George Washington University 

(Nam D. June 2011 “The Economic Benefits of Commercial GPS Use in the U.S. and The Costs of Potential Disruption” http://www.saveourgps.org/pdf/GPS-Report-June-22-2011.pdf)

The commercial stakes are high. The downstream industries that rely on professional and high precision GPS technology for their own business operations would face serious disruption to their operations should interference occur, and U.S. leadership and innovation would suffer. Although recreational and military applications for GPS equipment are larger in terms of equipment sales volume, commercial applications generate a large share of economic benefits for society. As shown later in this report, the direct economic benefits of GPS technology on commercial GPS users are estimated to be over $67.6 billion per year in the United States. In addition, GPS technology creates direct and indirect positive spillover effects, such as emission reductions from fuel savings, health and safety gains in the work place, time savings, job creation, higher tax revenues, and improved public safety and national defense. Today, there are more than 3.3 million jobs that rely on GPS technology, including approximately 130,000 jobs in GPS manufacturing industries and 3.2 million in the downstream commercial GPS-intensive industries. The commercial GPS adoption rate is growing and expected to continue growing across industries as high financial returns have been demonstrated. Consequently, GPS technology will create $122.4 billion benefits per year and will directly affect more than 5.8 million jobs in the downstream commercial GPS-intensive industries when penetration of GPS technology reaches 100 percent in the commercial GPS-intensive industries. As is the case in all other innovative industries, the GPS industry directly creates jobs and economic activities, which spur economic growth. Evidence shows that innovative industries, such as the GPS industry, create both high- and low-skilled jobs during economic expansions and downturns, pay their employees higher-than-national-average wages, raise output and sales per employee, increase U.S. competitiveness, which is reflected in increased exports and reduced U.S. trade deficits, and spend large sums on R&D and capital investment. In addition to creating these direct economic benefits, innovative industries create productivity benefits to the downstream industries, including increased sales, profits, and investment returns. Empirical studies have shown sustained productivity benefits support further growth and job creation in downstream industries and the U.S. economy as a whole.  This analysis focuses exclusively on the direct economic benefits of GPS technology to commercial GPS users and, consequently, the economic costs of GPS signal degradation to commercial GPS users and GPS manufacturers. The full quantitative results presented, therefore, underestimate the economic benefits of the GPS to the U.S. economy, as they do not include the benefits that accrue to personal consumers or other noncommercial (consumer oriented) or military users. The direct economic costs of full GPS disruption to commercial GPS users and GPS manufacturers are estimated to be $96 billion per year in the United States, the equivalent of 0.7 percent of the U.S. economy. This annual total cost is the sum of $87.2 billion and $8.8 billion imposed on commercial GPS users and commercial GPS manufacturers, respectively. GPS user costs consist of $67.6 billion per year in foregone GPS benefits—increased productivity and input cost savings—and another $19.6 billion book value of investment losses in GPS equipment. GPS manufacturer costs consist of $8.3 billion per year in foregone commercial GPS equipment sales and an additional $0.55 billion per year in R&D spending and associated costs to attempt to mitigate the “LightSquared Problem.” If the operation of LightSquared will disrupt 50 percent of commercial GPS equipment, the direct economic impacts are expected to be $48.3 billion per year. Except the R&D spending and the opportunity cost of R&D spending performed by GPS manufacturers to find attempt to mitigate interference, direct economic costs to commercial GPS users and foregone GPS equipment sales are assumed to be half of total direct costs under the scenario of 100 percent degradation. In addition to direct economic impacts, there are other forgone direct and indirect economic and social benefits that are threatened by the LightSquared Problem. On the macroeconomic level, GPS disruption would reduce productivity and, consequently, hinder the competitiveness of GPS downstream users (Summary Table)  The Global Positioning System (GPS) is a U.S. government-owned technology that provides military and civilian users with positioning, navigation, and timing (PNT) services. The system was developed by the U.S. Department of Defense in 1978 strictly for military use, and played an important role in the 1991 Gulf War, as U.S. troops used it for navigation on land, sea and in the air for targeting of bombs and for on-board missile guidance. Following the Korean Airlines disaster in 1987, President Reagan announced that GPS would be available for civilian use once fully operational, which was initially established with a deliberate degradation of user position accuracy. On May 1, 2000, President Clinton announced the permanent end of the intentional degradation of the GPS signal to the public. Today, the GPS system consists of three components: the space component, the control component, and the user component. The space component consists of 30 operating satellites that transmit one-way signals that give the current GPS satellite position and time. The control component consists of worldwide monitor and control stations. And, the user component consists of GPS receiver equipment, which receives the signals from the GPS satellites and uses the transmitted information to calculate the user’s three-dimensional position and time.3 During the past twenty years, GPS technology has transformed American businesses and lifestyles with myriad commercial applications across industries and spheres of life. GPS applications have improved business operations and best practices in a range of industries, including farming, construction, transportation, and aerospace. In addition to creating efficiencies and reducing operating costs, the adoption of GPS technology has improved safety, emergency response times, environmental quality, and has delivered many other less-readily quantifiable benefits. Although the market for GPS is already a multi-billion dollar industry, the future potential is still far reaching. Market segments Annual GPS equipment revenues in North America averaged $33.5 billion during the period 2005-2010.4 The GPS market can be divided into three broad categories: commercial, noncommercial (consumer), and military. During the period, commercial equipment sales accounted for 25 percent of the total, while noncommercial and military equipment accounted for 59 percent and 16 percent, respectively (Figure 1  Although a couple of industries dominate the commercial category, GPS technology is rapidly developing new applications across industries from construction to agriculture. During the period 2005-2010, commercial automobile  and marine industries accounted for 39 percent and 33 percent of commercial GPS equipment sales, respectively. The remainder of the commercial market comprises surveying/mapping (8 percent), precision agriculture (6 percent), machine control (5 percent), timing/synchronization (5 percent), and aviation (4 percent) (Figure 2) GPS equipment revenues increased more than 55 percent from $25.5 billion in 2005 to $39.6 billion in 2010. Revenues generated from the commercial segment increased by 120 percent from $4.7 billion in 2005 to $10.3 billion in 2010, and accounted for nearly 26 percent of total revenues in 2010. The noncommercial (consumer) segment, which includes passenger cars, recreational products (handhelds, fitness, and sports hardware solutions), and converged solutions (mobile handsets and portable consumer electronics devices) accounted for nearly 60 percent of total GPS equipment revenues during the period 2005-2010. Revenues generated from noncommercial (consumer) segments increased by 22 percent from $17.6 billion in 2005 to $21.3 billion in 2010. The military segment increased by 147 percent from $3.2 billion to $8.0 billion in 2010 (Table 1a) Between 2005 and 2010, the number of GPS equipment units sold in North America rose by 75 percent from 69.8 million units to 122.4 million units in 2010. GPS equipment units sold in the commercial segment increased by 305 percent from 1.9 million units in 2005 to 7.7 million units in 2010. While revenues from the commercial segment accounted for 26 percent of total revenues in 2010, commercial units sold accounted for only 6.3 percent of total GPS equipment units sold in 2010. In contrast, there were 109.9 million units sold in the noncommercial segment, a 68 percent increase from 65.2 million units sold in 2005. The military segment was the smallest destination for GPS equipment in 2010, with 4.7 million units sold (Table 1b) Between 2005 and 2010, technology advances caused GPS equipment prices to decline—most notably in the commercial segment. On average, commercial GPS equipment prices declined by 46 percent from $2,454 per unit in 2005 to $1,331 per unit in 2010. Prices of GPS equipment for commercial automobiles declined by 56 percent from $1,968 per unit in 2005 to $873 per unit in 2010, followed by 34 percent price declines in the precision agriculture and machine control segments. However, prices of commercial GPS equipment rose in the aviation (20 percent), surveying/mapping (16 percent), and timing/synchronization segments (13 percent) (Table 1c) The above sales figures have several important implications: (1) Although fewer GPS units were sold in the commercial segment, the value of each unit and the prices per unit in the commercial sector are higher than those in the noncommercial (consumer) segment; (2) the commercial segment became more GPS-intensive over the period examined, and; (3) as with other innovations, technological advances and economies of scale have driven down the prices of GPS equipment. Economic Benefits of Commercial GPS to the U.S. Economy The revenues from GPS equipment sales and services represent only a small portion of the economic benefits of GPS to the U.S. economy. As Edward Morris of the U.S. Department of Commerce testified before Congress in 2006, “Equipment sales represent only the tip of the economic iceberg. As with personal computers, the true value of GPS is not in the cost of the equipment, but in the productivity and growth it enables.”10 Indeed, the economic benefits of GPS to the U.S. economy are substantial. GPS manufacturers create employment, provide earnings, add value, and generate tax revenues for governments. Importantly, GPS technology improves productivity and produces cost-savings for end-users. This section estimates the direct economic benefits of GPS to three industries--precision agriculture, engineering construction (heavy and civil engineering, and surveying/mapping), and commercial surface transportation.11 These three industries account for approximately 58 percent of total commercial GPS equipment sales and 17 percent of combined commercial and noncommercial GPS equipment sales during the period 2005-10. In terms of quantity, these three industries account for approximately 60 percent of total commercial GPS equipment units sold but only 3.5 percent of combined commercial and noncommercial GPS equipment units sold during the period 2005-10. Again, there are fewer commercial GPS users than noncommercial users but the equipment they purchase is more expensive than the equipment purchased by noncommercial users. 

The economy is dependent on GPS – it cannot switch to previous methods

Pham 11 - Ph.D. in economics from George Washington University 

(Nam D. June 2011 “The Economic Benefits of Commercial GPS Use in the U.S. and The Costs of Potential Disruption” http://www.saveourgps.org/pdf/GPS-Report-June-22-2011.pdf) 

Indeed, GPS has become essential to U.S. businesses. A recent industry survey sent out to 149 users in the agricultural, construction, and surveying/mapping industries inquired about their operational dependency on GPS technology. Nearly 67 percent of respondents said that it is impossible or extremely difficult to revert to prior methods; 22 percent said that their daily operations are highly dependent on GPS and it is difficult to revert to nonGPS methods; and only 11 percent of respondents said that their operations have only some dependency and could revert to pre-GPS methods with some disruption (Figure 3) 

GPS satellites create the fabric of the US economy and ensure continued growth and productivity

Morris 6 - Director, Office of Space Commercialization National Oceanic and Atmospheric Administration U.S. Department of Commerce 

(Edward, June 21, “Statement of Edward Morris Hearing on Space and U.S. National Power Before the Committee on Armed Services Subcommittee on Strategic Forces U.S. House of Representatives” http://www.space.commerce.gov/library/speeches/2006-06-spacepowerhearing.shtml)

The economic value of GPS is difficult to quantify because it is so pervasive and integrated into the fabric of the economy. Counting the total number of GPS users in the world is a challenge, because the technology is often embedded in other products, such as cell phones, and consumers do not even know they are using it. According to one private sector firm, global sales of GPS user equipment currently exceed $20 billion a year and will continue growing at a healthy rate for the foreseeable future (1). Equipment sales represent only the tip of the economic iceberg. As with personal computers, the true value of GPS is not in the cost of the equipment, but in the productivity and growth it enables. U.S. industry has created new services and enhanced existing products by accessing GPS capabilities. The Department of Commerce has been working closely with the Department of Transportation to quantify the economic benefits of GPS in terms of the productivity gains enjoyed by civilian users, not just equipment sales. Within the next month, we will be publishing an article in the trade press describing some of our results. The article focuses on the quantifiable economic benefits of the next-generation GPS satellites, which began launching last year. One of the first upgrades that next-generation GPS delivers is a second civilian GPS signal, known as "L2C," which was specifically designed to enhance the commercial utility of GPS. Under the most likely scenario, we estimate L2C could enable over $5 billion in economic productivity benefits over the next 30 years. L2C is just the first of many new civilian upgrades the U.S. Government is making to the GPS constellation over the next decade. For example, the U.S. Government plans to add a third civil GPS signal that will greatly enhance accuracy, availability, and reliability, especially for safety-critical transportation applications. The aviation community is very interested in the third signal because it will help improve both navigation safety and airspace capacity. Having three signals will also reduce downtime for any business operation that uses GPS where signals are easily dropped, such as under trees. The United States is also working with international partners to design a fourth signal that will boost the global availability of space-based PNT, especially in the urban canyons of cities. As these GPS upgrades come online, the importance of space-based PNT to economic, public safety, and other national interests will undoubtedly increase. 

The US cannot afford to lose its GPS satellites – it is a critical part of the infrastructure

Kirkland 11- Vice President and General Counsel of Trimble Navigation Limited 

(Jim, March 11, “Hearing of the Commerce, Justice, Science Subcommittee of the House Appropriations Committee” http://www.saveourgps.org/Testimony_of_Jim_Kirkland.aspx)

The Global Positioning System, or GPS, was first launched more than 30 years ago and is now a critical and extremely reliable part of our national infrastructure. Millions use it routinely every day. The satellites which feed GPS data to the Earth's surface were initially intended for military purposes. Following the 1983 Korean Airlines disaster, President Reagan announced that GPS would be available for civilian purposes and in 1996 GPS was declared by President Clinton to be a dual-use system with an Interagency GPS Executive Board established to manage it as a national asset. Taxpayers have invested billions of dollars in the system over the decades, while the private sector has invested in both civilian and military uses. Today, GPS is a national asset, from which every taxpayer can benefit through both consumer and professional GPS equipped devices. The Global Positioning System has stimulated a multi-billion dollar global industry, and technology leaders such as Trimble contribute both to the domestic economy and to US exports. 

A disruption with GPS satellites would have a devastating impact on American industries and collapse the economy

Casey et al 11 - Deputy General Counsel Air Transport Association of America, Inc

(James L. Casey, February 25 “Before the Federal Communications Commission In the Matter of LightSquared Subsidiary LLC”  http://www.saveourgps.org/pdf/fcc/US-GPS-Garmin-Trimble.pdf)

If the Waiver Order is allowed to stand, the Council and its customers will suffer harmful interference that causes desensitization of Global Positioning System (“GPS”) units.5 A broad variety of industries rely on GPS technology: first responders (E911 systems, vehicle tracking and other functions); transportation (fleet management, intelligent vehicle-highway system operations, public transportation); scientific (earthquake and atmospheric monitoring, surveying, geographic information systems, mapping); maritime (vessel tracking, search and rescue, port management); railroad (fleet monitoring, train control and collision avoidance); and construction (facility inventory and maintenance, status monitoring). The disruption of these industries would  have a devastating effect on the United States economy and the safety of life and property of countless Americans. 

A loss of GPS satellites would drive our national security and economy back to the 50s – they are critical to modern industry

Weaver 8 – writer for Satellite Week

(Heather Forsgren, October 20, “San Diego GPS Failure Said to Show Effect of 'Day Without Space'” http://www.lexisnexis.com.proxy.lib.umich.edu/hottopics/lnacademic/)

A four-hour GPS failure last year in San Diego showed how much GPS matters to civilians, said David Logsdon, executive director of the Space Enterprise Council of the U.S. Chamber of Commerce. The outage left cellphone service spotty and knocked out public-safety uses, he said. Luckily, "nothing catastrophic occurred" during the failure and it quickly was contained, he told a panel on "A Day Without Space" organized by the Chamber and the George Marshall Institute. The public doesn't know the risks to everyday life if the U.S. lost some or all its space assets, Marshall Institute President Jeff Kueter said. Last week's discussion was the first of four scheduled, Logsdon said. Satellite-based applications may contribute as much as $11 million a day, $4 billion a year, to the U. S. economy, said Ronald Hatch, senior scientist for John Deere/NavCom Technology. John Deere's services use both the GPS system and L-band satellites and go far beyond agriculture, Hatch said. The military uses GPS to aim weapons and communications satellite equipment for connectivity. GPS and SatCom mean fewer people are needed in combat theaters, said Peter Hays, associate director of the Eisenhower Center for Space and Defense Studies at the U.S. Air Force Academy. Space has become "a victim of its own success," said Ed Morris, executive director of the Office of Space Commerce. He said he couldn't list in 20 minutes the services that would be affected if space assets were lost. "If only a handful of those were to occur, I think it is safe to say it would drive our economy and national security back to the 1950's," Logsdon said. "If all of these occurred, God only knows." Most applications using GPS or communications satellites have backup systems, but if a failure lasted more than a day they would start to fail, Morris said. Satellite services are so critical to some companies that they use several platforms for redundancy. "We keep a mix in the system right now because we realize that one of the systems can go down," said Steve Anderson, chief scientist of Horizon Marine. "If we lost a system or two we could continue but in a degraded level. But if we lost all satellites, we couldn't do our jobs." -- Heather Forsgren Weaver 

The market size of GPS technology is expected to reach $757 billion by 2017

Space Daily 5 

(March 28, “GPS Production Value Globally Expected To Grow To $21.5 Billion In 2008” http://www.spacedaily.com/news/gps-05zs.html)

Research and Markets has announced the addition of 'GPS Market Update 2004-2005' to their offering. The global positioning system (GPS) is a constellation of satellites that broadcast signals, which are used to derive precise timing, location, and velocity information. The derived information can then be clubbed with other systems, such as communication devices, computers, and software to perform a variety of functions. With equipments ranging from hand-held receivers to rack-mounted electronics, the signals of global positioning systems can be used by anyone, anytime, anywhere in the world. GPS is an information technology that is part of the emerging Global Information Infrastructure. GPS technology has contributed a great deal to the world economy over the last decade. Presently, there are more than hundreds of uses of GPS, starting from stand-alone applications to more integrated, embedded applications. In Western Europe, the vehicle navigation market is in its initial stages, but there is already a strong demand for traffic information and navigation solutions. Countries like USA, Japan, and some others have gained a cumulative shipment of 9.39 million in-vehicle navigation and traffic information units in May 2002, and still find a great demand. GPS (global positioning system) production value globally is expected to grow to $21.5 billion in 2008, up from $13 billion in 2003, according to the Industrial Economics and Knowledge Center (IEK) of the Industrial Technology Research Institute (ITRI). In the year 2003, GPS equipment sales was reported to be around US $3.5 billion worldwide, and that annual market could grow to US $10 billion after 2010, according to a report published by a market research firm. Based on the industry trends and technological assessment, experts predict that the market is expected to grow by the next 15-20 years. The market is yet to perform as well as expected. Predictions also show strong annual growth and an expected market size of US $757 billion by 2017. 

Even a small service disruption causes a huge economic impact, and weather satellites and leads to better infrastructure.

Hertzfeld et al 3

[Henry, PhD George Washington University, “WEATHER SATELLITES AND THE ECONOMIC VALUE OF FORECASTS: EVIDENCE FROM THE ELECTRIC POWER INDUSTRY” pg. 1 http://www.gwu.edu/~spi/assets/docs/Weather.pdf]
For 2000, the U.S. electric power industry earned an estimated total revenue of $247 billion. 1 Electric power generation is thus a very large and important industry. Modern society depends on electricity to supply much of the power needed to support manufacturing, and daily heating, cooling, and lighting needs. It is therefore an essential part of the infrastructure of the U.S. economy. Even a very small service disruption can have a large social and economic impact. The 1977 blackout in the Northeast U.S. cost the U.S. economy an estimated $340 million (in then-year dollars); the August 2003 blackout may have cost New York City alone some $1.15 billion (estimates of total cost range from $4 to $6 billion). Neither unusual terrestrial weather patterns nor space weather appear to have caused either of these two blackouts. However, both types of weather incidents are capable of creating major problems with the electric power infrastructure and therefore have the potential for causing large economic losses. Terrestrial weather conditions, typically, are predictable; better forecasts will lead to more efficient management of the electric power system and, as described in this paper, contribute to sizable cost savings. Incidents caused by space weather are not as predictable and can occur within minutes to a few hours of a coronal mass ejection from the sun, but in the last decade, scientists have made measurable progress in understanding the physical basis of space weather and in extending their ability to predict harmful consequences on Earth.

Weather satellites satellites are critical to 1/3 of the U.S. GDP and backbone of all forecasting

United States Senate 11; (United States senators:  Mark Begich; John Kerry; Mark Udall; John D. Rockefeller IV; Carl Levin; Sheldon Whitehouse; Jeanne Shaheen; Benjamin L. Cardin; Michael Bennet; Daniel Akaka; Frank R. Lautenberg; Maria Cantwell; and Jeff Merkley; letter to Chairman Inouye and Vice Chairman Cochran; 6/17/11; accessed 6/24/11; ProQuest Congressional) 
As you consider 2012 appropriations, we write to express our appreciation for the Appropriation Committee's efforts to fund the National Oceanic and Atmospheric Administration's (NOAA) Joint Polar Satellite System (JPSS). We also support your efforts to ensure there is no further erosion of continuity for the agency's critical polarorbiting weather satellites. These satellites are the backbone of all weather forecasts beyond 48 hours, and the data they provide are used by emergency managers, military planners, and the weather-sensitive industries that provide one third of the nation's Gross Domestic Product. As you know, a harmful loss of satellite coverage is already slated to occur in coming years, and we are deeply concerned that without adequate funding to swiftly implement JPSS, American lives, property, and prosperity will be needlessly endangered. NOAA's polar-orbiting weather satellites provide a myriad of national benefits, including forecasting droughts, which have an estimated impact of$6-8 billion annually to the agriculture, construction, energy, and touri sm industries. They support accurate marine and aviation forecasts, saving both lives of pilots and boaters, and an estimated $470-570 million annually for the shipping and airline industries. The satellites relay signals from emergency beacons which saved 295 livesin 2010 and over 6,500 lives since 1982. 

Space debris wrecks satellites--those are key to military operations, national security, and the global economy 

States News Service 07 (“'NEAR-TERM STRATEGIC IMPERATIVES' BY TERRY EVERETT” 2/1/09 LexisNexis)

CHINA ASAT I took the news of the recent Chinese anti-satellite test with great alarm, but not surprise. For some time now I have been concerned that China and others are developing capabilities that pose a serious threat to U.S. space assets and our ability to use space. I spoke at a conference in Omaha this past October and emphasized that protecting our capabilities and interests in space is more important than ever, given the threats I saw on the horizon combine with our ever-increasing dependence on space. On January 11th, the Chinese launched a medium range ballistic missile into space. It targeted an aging Chinese weather satellite orbiting 500 miles above the planet. The kill vehicle rammed into the target satellite sending out thousands of pieces of debris into orbit of varying sizes, and speeds, up to 1,400 miles per hour, according to Air Force Space Command. This debris is significant and has the potential to stay in orbit for years to come. The U.S., with its space surveillance network, will bear the long-term responsibility for warning others of potential collisions, including foreign and commercial operators, and ironically, the Chinese. I remember seeing a picture of the Space Shuttle window after a paint chip collided with it at over 17,000 miles per hour. Particles a few centimeters in length are large enough to cause major damage. I don't want to imagine what a collision would look like between one of our satellites and a piece of the destroyed Chinese weather satellite. A more likely result is that the Shuttle, International Space Station, and our satellites will need to expend precious fuel to maneuver around debris. At some point, our satellite operators will do the math and determine the loss of "mission life" due to this extra fuel use and maneuvering. This could be a sizeable impact when we're talking about multi-billion dollar satellites and no "hot spares." While some have said that we should not be overly worried about this event, I believe this is a clear wake-up call for the Administration, Congress, and the American people. I have asked the Administration to devote more attention and resources to the protection of our space-based assets. The United States has more satellites in orbit than any other nation and, as such, we are more dependent upon their reliable presence to provide us with everything from A-T-M card transactions to battlefield intelligence. This is a significant, and reckless, act by the Chinese. While the Chinese have firmly denied any mal intent in their recent test, I can only look to their other activities and remain highly skeptical. Apparently, this single test is part of a series of direct-ascent ASAT tests, which is part of a broader effort to develop counter-space capabilities. This is consistent with their larger military modernization and advanced technology efforts. A similar observation was made in the recent report by the bi-partisan U.S.-China Economic and Security Review Commission. China has been a student of U.S. space operations dating back to Operation Desert Storm. China knows all too well the advantage space offers the U.S., as well as the vulnerabilities that exist in that area. China's military planners have advocated the use of technology that would deny us access to our space assets; a tactic which would be consistent with what many consider China's unofficial doctrine of asymmetric warfare. This begs the strategic question, why did they conduct the A-SAT test, and what do they hope to achieve? We have not seen an ASAT test in over 20 years. At the height of the Cold War, both the U.S. and the Soviets had ASAT capabilities, but we both understood that a satellite attack could mean nuclear war. Today, the implications of an attack that persisted in the Cold War seem to have diminished. In the past few years, we've seen a handful of GPS and satellite communications jamming incidents with few repercussions for the perpetrators. What is most troubling is that these attacks are coming in a period of widespread use of GPS, satellite communications and space-based imagery. Today's environment has changed. This group knows all too well how important satellites are to our armed forces, policy-makers, environment, and the economy. Frankly, many of you have been helpful in educating members of Congress and the public on this. Last June, as chairman of the Strategic Forces subcommittee, I held a hearing to better understand our military and economic dependence on space. General Kehler, vice-commander of STRATCOM, provided several examples of how space capabilities are integral to the daily execution of virtually every military campaign, operation, and exercise involving U.S. forces today. On the commercial side, the director of the Satellite Industries Association estimated that space contributes 90 billion dollars annually to the global economy. Not only has space become essential to modern warfare, it has established itself as a permanent utility in our global commerce. The much talked about Chinese A-SAT test is but one of a range of potential threats looming on the horizon, including jamming, laser "dazzling," micro-satellites, direct ascent A-SATs, cyber attacks, physical attacks to ground stations, and possibly even a nuclear explosion. Our satellites are also vulnerable to less malicious threats including space debris, which I mentioned earlier, close approaches, solar flares, and severe weather damaging ground stations. As a national security space community, and as a nation, we have a vested stake in protecting our interests in space. This includes both the need to protect our space systems and preserve our assured use of space. The Chinese A-SAT is but one striking example of why I believe this issue requires urgent attention. Based on my discussions with senior military leaders, I do not believe we have the necessary resources to address these threats, contrary to what some have argued. First and foremost, we need to continue to develop space situational awareness capabilities. As we learned on 9-11, seemingly benign systems can have severe hidden offensive capabilities. An object that appears to be orbital debris or a research satellite may, in fact, be an A-SAT targeted at U.S. or friendly assets. Likewise, noise in a data link may be accidental interference or intentional jamming. We are limited in what we can do in space without knowing what is going on up there, and being able to attribute a hostile event to the right actor. We also need to examine various options to increase the survivability of our space capabilities. This includes rapid replenishment, redundancy, hardening, distributed architectures, alternatives such as U-A-Vs, active and passive measures, reversible and non-reversible means, and non-material solutions. I have hope for one solution in particular. The 2007 defense bill authorized the Operationally Responsive Space program office. O-R-S offers promise not only as a way to supplement a battlefield commander's capabilities, but also to quickly replace damaged or destroyed satellites to meet the immediate needs of the warfighter. In addition, O-R-S might also serve as a deterrent to nations pursuing programs to threaten our satellites. If we have numerous O-R-S systems in space along with more traditional military and intelligence satellites, then we can rapidly reconstitute our space assets. This makes it a lot harder for an adversary to effectively deny us our space-based capability. Here is where I ask for help from the space architecture experts here today. S-S-A and options for protecting our space assets must be looked in total and weighed as part of a space protection strategy. These include: How threat assessments are incorporated into the requirements process and, in turn, acquisition programs; What is the right mix of S-S-A and protection capabilities and how do these capabilities fit together; and Recognizing we will not be able to protect, nor can we afford to protect, all systems to the same level, how should we prioritize what to protect. Lastly, what implications does this incident have on our future space architecture? Specifically, what will we buy, how will we buy, and where will we fly? The Chinese A-SAT test also rekindles a larger policy discussion on how we use space and how we protect our interests in space. I understand there are differences of opinion here. Some have argued for arms control measures which ban "space weapons." I'll be frank with this group. I do not normally support arms control measures. In the space arena where satellites can have offensive capabilities, I find it would extremely difficult to verify and enforce any arms control measures. More to the point, we don't have a clear definition of "space weapons," that we can all agree on which makes it difficult to engage in meaningful debate. Here is my definition. A space weapon could be a kinetic or directed energy source going from ground-to-space, air-to-space, or space-to-space and vice-versa. It could also include an attack against a ground station, which I would argue is equally effective on satellite operations as threats in space. If you use this definition, then space is already "weaponized." I look forward to this debate. We've spent the last few years setting the stage. I believe in leaving all options on the table and discussing their merits. I want to avoid seeing us limit our options in space. These threats and our vulnerabilities are real. I've said it before. I believe we should defend our space assets and use of space by any means necessary. Space is too important to our national security and economy not to.

Impact – Ag Sector

GPS technology is vital to US agricultural and construction industries and has a massive economic benefit to the economy

Golden et al 11- director of global public relations at John Deere 

(Ken Golden, Jim Kirkland, Siamak Mirhakimi, “Study Shows Interference with GPS Poses Major Threat to U.S. Economy” June 22 http://www.saveourgps.org/pdf/Economic_Study_News_Release_June_22.pdf)

Ken Golden, director of global public relations at John Deere: “The use of GPS technology is vital to thousands of people who make their living with agricultural and construction equipment. It is simply not acceptable to allow this new network to interfere with these important industries when all indications are that there is no practical solution to mitigate this interference. In agriculture, the loss of a stable GPS system could have an impact of anywhere from $14 to $30 billion each year. That could significantly erode the strong competitive global position of U.S. farmers in the world agricultural economy. Serious impacts to the productivity of those in the construction business also will be apparent.” Siamak Mirhakimi, general manager, Caterpillar Electronics & Systems Integration: “High precision GPS continues to be widely adopted technology in heavy construction and civil engineering due to the benefits of increased productivity, improved job site safety, faster completion times for projects and reduced fuel and rework costs. The test results clearly show substantial interference to high precision GPS which in turn will impact our products and customers. Allowing any company to cause interference to the GPS band would be a major step backward and significantly impact this domestic industry, which has invested billions of dollars in GPS enabled products and which employs over a million people in the U.S.” Jim Kirkland, vice president and general counsel of Trimble: “This analysis highlights the massive economic benefits of GPS technology to the U.S. economy and adds a critical perspective to the current debate over LightSquared’s plans. This study also highlights how LightSquared’s recently announced ‘solution’ to the interference problem, which LightSquared admits will not reduce interference for high precision GPS uses, is no solution at all. High precision GPS uses represent nearly $ 10 billion in historical investment by GPS users over the last five years and $30 billion in annual economic benefits.” 

GPS technology is key to the agriculture industry and boosts crop yields

Pham 11 - Ph.D. in economics from George Washington University 

(Nam D. June 2011 “The Economic Benefits of Commercial GPS Use in the U.S. and The Costs of Potential Disruption” http://www.saveourgps.org/pdf/GPS-Report-June-22-2011.pdf) 

Precision Agriculture. GPS technology is used extensively in agriculture for what is called precision or site-specific farming. GPS applications are used for farm planning, field mapping, soil sampling, tractor guidance, crop scouting, variable rate applications of seeds, fertilizers, and pesticides, and yield mapping. Before GPS, it was more difficult for farmers to match production techniques or crop yields with land variability. This limited their ability to develop the most effective strategies to increase yields. Today, GPS-guidance equipment enables more precise application of pesticides, herbicides, and fertilizers, and better control of the dispersion of those chemicals, which reduces expenses, increases yields, and creates a more environmentally-friendly farm. For example, ten years ago, a 4,000acre farm might have required eight or nine tractors; today it needs just three or four machines and has the capacity to adopt 24 hour operations during critical planting and harvesting months. In surveys, studies, and other industry literature, GPS adoption rates (use of at least one GPS technology) in crop farming were found to range from 23 percent to 91 percent. Based on a measured consideration of those findings, we estimated an average adoption rate of 60 percent, which factors into our estimation of the current economic impact of GPS on crop farming.12 Since firms are adopting GPS technology and equipment at an increasing rate, we provide an additional simulation to estimate the economic impact of GPS at the 100 percent adoption rate.The measureable direct economic benefits of GPS to crop farming can be observed in greater output and reduced input costs.13 Industry studies, surveys, and testimonials from farmers about a variety of crops grown in different regions under different conditions find that the use of GPS equipment is associated with yield gains ranging from 3 percent to 50 percent. On the operation side, GPS technology provides crop farming with cost-savings on labor, capital (machine and equipment), and raw materials (seed, fertilizers, pesticides, other chemicals, fuels and oils, electricity). Estimates of input cost reductions range from 1 percent to 50 percent of total input costs. Based on a considered weighting of those findings, we estimate the average GPS-induced yield gain to be 10 percent and the average input savings to be 15 percent.14 According to data from the U.S. Department of Agriculture, the value of U.S. crop production averaged $169.1 billion per year during the period 2007-2010. The industry spent an average of $108.4 billion per year on affected inputs including seed, fertilizer and lime, fuels and oils, electricity, pesticides, repair and maintenance, and hired and contract labor expenses during the same period.15 With a GPS adoption rate of 60 percent, we estimate that the use of GPS technology accounted for $10.1 billion of industry output per year ($169 billion production x 0.60 adoption x 0.10 GPS yield gain) and reduced input costs by $9.8 billion per year ($108.4 billion input expense x 0.60 adoption x 0.15 GPS input cost-savings). The aggregate annual benefits of GPS to crop farming, thus, totaled $19.9 billion per year, the equivalent of 11.8 percent of total annual production (Table 2). As GPS technology continues to prove its value, the adoption rate will approach and possibly reach 100 percent, raising the potential benefits of current GPS technology to the industry to $33.2 billion per year, the equivalent of 19.6 percent of the value of current annual U.S. crop production (Table 2) 

Impact – Energy Industry

Satellites key to the energy industry and other socio-economic industries- weather mapping

Hertzfeld et al. 03- senior research scientist, Space Policy Institute, George Washington University

(Dr. Henry R.,  Dr. Ray A. Williamson, research professor, space policy institute, George Washington University, Avery Sen, second year student in the Master of Science, Technology and Public Policy Program, “WEATHER SATELLITES AND THE ECONOMIC VALUE OF FORECASTS: EVIDENCE FROM THE ELECTRIC POWER INDUSTRY,” PAPER DELIVERED AT INTERNATIONAL ASTRONAUTICAL CONFERENCE, http://www.gwu.edu/~spi/assets/docs/Weather.pdf, September)

Accurate weather information is only one component of the smooth and efficient operation of the large and complex electric utility industry. Accurate weather information is most important when significant deviations in temperature or storm-caused natural disasters are probable. Nevertheless, because the industry is very large, because energy prices are volatile, and because of the high cost of capital facilities for energy production, management, and transmission, improvements in predicting and planning for changes in the weather can result in potential annual aggregate savings of hundreds of millions of dollars for the U.S. economy as a whole. In particular, finer, more accurate satellite weather observations from improved instrumentation, when combined with enhanced weather models, can provide the basis for more accurate, short-term and long-term forecasts. Improved forecasts can potentially lead to significant cost savings in electric energy production. The benefits of better terrestrial weather information obtained from satellite data are not limited to the electric power industry. They extend to nearly all socio-economic activities: household, industry, and government. 2 Space weather has a more limited, but important, effect on society as a whole because it primarily affects technological systems, and especially the electric power grid. This paper focuses on the electric power industry because it is one of the largest users of weather data and is potentially one of the largest beneficiaries.

Weather satellites have boosted the economic efficiency of the energy industry

Hertzfeld et al. 03- senior research scientist, Space Policy Institute, George Washington University

(Dr. Henry R.,  Dr. Ray A. Williamson, research professor, space policy institute, George Washington University, Avery Sen, second year student in the Master of Science, Technology and Public Policy Program, “WEATHER SATELLITES AND THE ECONOMIC VALUE OF FORECASTS: EVIDENCE FROM THE ELECTRIC POWER INDUSTRY,” PAPER DELIVERED AT INTERNATIONAL ASTRONAUTICAL CONFERENCE, http://www.gwu.edu/~spi/assets/docs/Weather.pdf, September)

NASA and NOAA are attempting to improve the accuracy of a 7-10 day forecast from 62% to 75% by 2010. 13 (This effort should also improve a 5-day forecast to over 90% accuracy.) The two agencies have also identified other potential enhancements resulting from satellite data, including improved precipitation forecasts, hurricane tracking, and predictions of climate change, particularly over a 6-12 month period. 14 Additionally, new satellite sensors will provide improved understanding of the sun and of space weather. These improvements are consistent with the types of forecasts that experts in the utility industry have identified as economically beneficial: “Using forecast temperature as input to the model, which comes at 3-hour averages at airport locations, requires interpolation to hourly intervals and to local grid scales, and results in a mean average percent error of 5% rather than the 1.33% obtained with historical hourly data. Better demand models will require more accurate forecasts of dry bulb temperature at the microspatial scale where the electric demand actually takes place, not at airports that may be miles away, and on hourly time intervals, though higher frequencies would be better. The secondary weather variables needed depend on the region in which demand is to be forecast (local technology, local weather).” 15 

Impact – Global Warming

Satellites are critical to climate change research

Ladislaw et al. 10- Senior Fellow, Energy and National Security Program 

(Sarah O., James Lewis, Denise Zheng, “Earth Observation for Climate Change,” http://csis.org/files/publication/100608_Lewis_EarthObservation_WEB.pdf, June)

Satellites play a central role in assessing climate change because they can provide a consistent global view, important data, and an understanding of change in important but remote areas. Yet there are relatively few climate satellites—a total of 19, many of which are well past their expected service life. Accidents or failures would expose the fragility of the Earth observation system. 2 We lack the required sensors and instruments for the kinds of measurement that would make predictions more accurate and solutions more acceptable. Weather satellites, which take low-resolution pictures of clouds, forests, and ice caps, are not adequate to the task. NASA builds impressive Earth observation satellites for climate change, but these have been experimental rather than ongoing programs. 

Weather satellites are key to climate change research- provide measurements that help scientists determine solutions

Powner 10- Director, Information Technology Management Issues, GAO

(David, “House Science and Technology Subcommittee on Investigations & Oversight Hearing; Setting New Courses for Polar Weather Satellites and Earth Observations,” June 29, ProQuest)

One key subset of satellite-provided data is climate data. These data are used in combination with ground and ocean observing systems to understand seasonal, annual, and decadal variations in the climate. Satellites provide land observations such as measurements of soil moisture, changes in how land is used, and vegetation growth; ocean observations such as sea levels, sea surface temperature, and ocean color; and atmospheric observations such as greenhouse gas levels (e.g., carbon dioxide), aerosol and dust particles, and moisture concentration. When these data are obtained over long periods of time, scientists are able to use them to determine short- and long-term trends in how the earth's systems work and how they work together. For example, climate measurements have allowed scientists to better understand the effect of deforestation on how the earth absorbs heat, retains rainwater, and absorbs greenhouse gases. Scientists also use climate data to help predict climate cycles that affect the weather, such asEl Nino, and to develop global estimates of food crop production fora particular year or season. 

Satellites key to monitor climate change- sea level

ESA 10- European Space Agency

(“Importance of satellite data highlighted at climate summit,” http://www.spaceref.com/news/viewpr.html?pid=32329, December 19)

As world negotiators gather at the climate summit in Cancun, Mexico, to tackle climate change, scientists are demonstrating how long-term satellite data provide unique information to help policymakers understand and manage climate change. During the summit, ESA held a side event focusing on its Climate Change Initiative (CCI), which is making full use of Europe's Earth observation space assets to exploit robust long-term global records of essential climate variables. The Climate Change Initiative makes use of archive data going back three decades from ESA and Member-State satellites. These datasets, combined with data from new missions, are used to produce new information on a wide range of climate variables, such as greenhouse-gas concentrations, sea-ice extent and thickness, and sea-surface temperature and salinity. Renowned climate experts spoke at the event to explain how the CCI will provide consistent data to help scientists improve the understanding of climate change. "Monitoring sea-level rise from space using altimeter satellites is very important; we know that sea level is currently rising in response to global warming, and that the rate is accelerating. Sea level will continue to rise in the future. But how much? We don't know," said Dr Anny Cazenave, Senior Scientist at Laboratoire d'Etudes en Geophysique et Oceanographie Spatiales. 

Scientists rely on satellites for global warming information

IPF 10- International Polar Foundation

(“Scientists Herald Importance of Satellite Observations,” http://www.sciencepoles.org/news/news_detail/scientists_herald_importance_of_satellite_observations/, June 16)

Scientists highlighted the exceptional contribution satellites have made to the International Polar Year (IPY) and charting the effects of climate change at the recent IPY Oslo Science Conference. During the IPY, the European Space Agency (ESA) provided coordinated observations of the Arctic and Antarctic using its Earth observation satellites such as ERS-2 and Envisat. ESA also co-led the Global Interagency IPY Polar Snapshot Year (GIIPSY) project, which observations from space and on the Earth’s surface to get snapshots of these regions to serve as benchmarks to determine past and future changes. The recently launched CryoSat-2 satellite will be monitoring changes in sea and land ice thickness. Satellites observed some dramatic changes in the Polar Regions during the IPY, including Envisat monitoring break-up events of the Wilkins Ice Shelf on the Antarctic Peninsula and highlighting the record low Arctic summer sea ice extent in 2007. With summer sea ice extent having fallen below the extent recorded in June 2007, whether this year will see another record sea ice minimum is a hotly discussed topic. The IPY conference also highlighted how long-term satellite data have been crucial in monitoring damaging trace gases in the atmosphere. ERS2, Envisat and Met-Op contributed to collecting data showing recovery in the ozone layer over Antarctica. 

Weather satellites key to understanding climate change – P.S. Good luck getting a security link

Werner 10; (Debra Werner, reporter for Space News; “NASA Researchers Aim To Keep ‘Infinite CERES’ Instrument Going Strong”; 4/14/10; accessed 6/23/11; ; JNELSON)
SAN FRANCISCO — After more than a decade in orbit, the Clouds and the Earth’s Radiant Energy System (CERES), an instrument first launched in 1997, is becoming more useful with each passing year. “Like wine, CERES gets better with time,” said Norman Loeb, CERES principal investigator at NASA’s Langley Research Center in Hampton, Va. “The longer your data record, the more you learn.” Four CERES instruments are gathering data aboard the NASA Earth-observing system’s Terra and Aqua satellites. While those sensors continue to function well, scientists are eager to send up additional instruments to ensure a continuous data record, Loeb said. Another CERES instrument has been integrated on a NASA-led mission set for launch in September 2011, the National Polar-orbiting Operational Environ- mental Satellite System (NPOESS) Preparatory Project, known as NPP, said Sean Kelly, CERES program manager for instrument builder Northrop Grumman Aerospace Systems of Redondo Beach, Calif. The final sensor being built by Northrop Grumman is scheduled for delivery to NASA Langley in 2012, Kelly added. That sensor is expected to fly onboard the National Oceanic and Atmospheric Administration (NOAA) Joint Polar Satellite System (JPSS), a mission that will take on a portion of the climate-monitoring work of NPOESS, a joint civil and military project canceled by the White House in February. No launch date has been announced for the two JPSS spacecraft. However, the first satellite with CERES onboard is expected to be completed in 2015, according to NOAA’s National Environmental Satellite Data and Information Service Web site. CERES measures solar energy reflected by Earth and Earth’s emitted thermal energy, key elements that make up the Earth’s radiation budget, an important factor in helping scientists understand the complex global climate system. Already, scientists have learned about the role clouds play in causing variations in the amount of solar energy reflected and thermal energy emitted from Earth by looking at CERES data in conjunction with measurements from the Moderate Resolution Imaging Spectroradiometer (MODIS), which also flies on both Terra and Aqua. “Coincident observations from CERES and MODIS instruments provided unprecedented data on how variations in the Earth’s radiation budget are associated with variations in cloud properties such as cloud height, thickness and amount,” Loeb said. “With a 10-year record we are starting to see that.” However, 10 years of data is not enough to give scientists a clear picture of global climate change because of the natural variables. For example, El Niño, a climate pattern associated with changes in Pacific Ocean temperatures, floods and droughts, occurs every three to seven years, causing large fluctuations in cloud and radiation patterns that can mask cloud and radiation changes associated with increasing levels of greenhouse gases. To provide evidence of the ongoing changes in the Earth’s climate, CERES needs to gather data over a much longer period of time, Loeb said. “For climate measurements, we are talking about measuring a few tenths of a degree changes in Earth over decades,” said Mark Folkman, Northrop Grumman’s director of products and sensing. “To do that, you’ve got to make well-calibrated measurements for multiple decades.” What’s more, CERES is monitoring extremely small changes in the Earth’s energy budget that, over time, can lead to serious consequences, including ice caps melting and sea levels rising. One particularly useful aspect of CERES is its ability to help evaluate and refine the computer models used to predict the consequences of global climate change. “If we are going to try to have informed policy decisions, let’s make sure those decisions are based on facts,” Loeb said. CERES and its predecessor, the Earth Radiation Budget Experiment, also built by Northrop Grumman, have provided a record of solar, thermal and reflected radiation stretching back to 1984. If all goes well, the CERES instrument being built for JPSS may continue gathering data for a decade or more, which could carry the program through 2025. The two CERES sensors launched in 1999 on Terra are providing useful data after more than a decade in orbit, and the two sensors on Aqua, launched in 2002, also continue to function well, Loeb said. The first CERES sensor flew on NASA’s Tropical Rainfall Measurement Mission. That instrument collected data continuously for eight months in 1998 before problems with the instrument’s power converters forced mission planners to use the instrument only sporadically. Because of the CERES program’s multi-decade, multi-sensor approach, some NASA officials attending a celebration of Terra’s 10-year anniversary in December dubbed the program “infinite CERES.” That’s not entirely accurate, but “it would be great to go on as long as we can,” Loeb said. He compares CERES and its ongoing data-gathering mission to annual medical checkups performed by doctors. Ongoing checkups give doctors a chance to monitor vital signs and identify problems before they become serious. Similarly, CERES provides a long-standing record of the Earth’s radiation budget, which helps scientists identify changes in the global climate. Another suite of instruments designed to provide detailed data on Earth’s climate is expected to fly aboard the Climate Absolute Radiance and Refractivity Observatory (CLARREO), a wide-ranging mission recommended by the National Science Foundation’s Decadal Survey. CLARREO, which is expected to launch between 2016 and 2019, is designed to improve the accuracy of climate models by collecting data on atmospheric, land and sea-surface temperature, cloud properties, ocean color, solar irradiance and aerosols. In addition, CLARREO will include onboard calibration to obtain highly accurate data records, Loeb said. Nevertheless, CLARREO will not replace CERES. The two CLARREO satellites will fly in a polar orbit and will not provide the type of daily, global coverage offered by the CERES instruments carried by Aqua and Terra. “You still need CERES to continue,” Loeb said. “CERES and CLARREO are complementary.” As Northrop Grumman completes construction of the CERES instrument ordered for the NPOESS program, company engineers are looking for ways to improve the technology for future sensors. Much of the CERES technology was developed during the 1990s, so it is a good time to modernize the instrument, Folkman said. “In the process of modernizing, we want to be careful that we don’t have any discontinuity in the data record,” he added. “It’s an interesting challenge to improve the measurements, improve the noise performance with new technology, without making a change that causes you to lose your baseline.” 

Weather satellites are critical to continuing climate data predictions

NOAA 10; (National Oceanic and Atmospheric Administration; “NatioNal ENviroNmENtal SatEllitE Data 

& iNformatioN SErvicE JoiNt Polar SatEllitE SyStEm”; http://www.nesdis.noaa.gov/pdf/jpss.pdf; Spring 2010; accessed 6/24/11)

Information about our planet is vital to our ability to plan, predict, respond, and to protect lives and property. The Administration recognizes that the Nation’s system of polar-orbiting environmental satellites is vitally important and essential for supporting climate research as well as operational weather and storm forecasting for civil, military, and international partners. For this reason, the Administration’s primary concern is the continuity of the polar-orbiting satellite data that the Nation has come to rely on. The restructured Joint Polar Satellite System will continue to address NOAA’s requirements to provide global environmental data used in numerical weather prediction models for forecasts, as well as provide space weather observations, search and rescue detection capabilities, and direct read-out and data collection products and services to customers. Data and imagery obtained from the Joint Polar Satellite System will increase timeliness and accuracy of public warnings and forecasts of climate and weather events, thus reducing the potential loss of human life and property and advancing the national economy. The restructured program will better ensure continuity of crucial climate observations and weather data in the future. Data from instruments on JPSS will be used to continue long-term, in some cases almost 50 years, of satellite-based climate data records. These data records are unified and coherent long-term environmental observations and products that are critical to climate modelers and decision makers concerned with advancing climate change understanding, prediction, mitigation and adaptation strategies, policies, and science. JPSS, with its global view, will play a vital role in continuing these climate data records. 

Satellites monitor the carbon cycle to curb climate change.

Science News 7

[April 25, 2007, http://www.science20.com/news/how_satellites_help_us_understand_earths_carbon_cycle] 

The total number of carbon atoms on Earth is fixed – they are exchanged between the ocean, atmosphere, land and biosphere. The fact that human activities are pumping extra carbon dioxide into the atmosphere, by fossil fuel burning and deforestation, is well known. Because of this, atmospheric carbon dioxide concentrations are higher today than they have been over the last half-million years or so. Scientists are now using satellite instruments to locate sinks and sources of CO2 in the ocean and land. Across land and sea, our world's plant life uses the process called photosynthesis to convert incoming sunlight into chemical energy. Plants accumulate carbon dioxide during photosynthesis and store it in their tissues, making them carbon sinks. Dr Nadine Gobron of the European Commission's Joint Research Centre (EC-JRC) in Ispra, Italy, is combining daily multispectral observations from Envisat's Medium Resolution Imaging Spectrometer (MERIS) instrument with a sophisticated processing algorithm to reveal global photosynthesis activity on land. The fraction of incoming solar radiation useful for photosynthesis that is actually absorbed by vegetation – a value known as the Fraction of Absorbed Photosynthetically Active Radiation (FAPAR) – is recognised as an essential climate variable by international organisations including the Global Climate Observing System (GCOS). FAPAR is regularly used in diagnostic and predictive models to compute the primary productivity of the vegetation canopies. The operational FAPAR MERIS product is derived with the JRC-FAPAR algorithm, which has been designed to exploit the daily MERIS spectral measurements in the blue, red and near-infrared bands with no prior knowledge on the land cover. This methodology involves a physically-based approach which can be adopted for generating this biophysical product from various optical medium resolution sensors. The algorithm used allows scientists to derive the equivalent biophysical product from other optical satellite sensors, even retired ones, to ensure the availability of a long-time series of global FAPAR, which is essential to assess environmental trends, guide policy making and support sustainable development activities. "Demonstration products at the global scale are now available and are ready to be used in state-of-the-art carbon data assimilation systems (CCDAS) for better understanding the role of the biosphere in the global carbon cycle," Gobron said. Phytoplankton, microscopic marine plants that drift on or near the surface of the sea, absorb atmospheric carbon dioxide through photosynthesis just as their terrestrial ‘cousins’ do. While individually microscopic, phytoplankton chlorophyll collectively tints the surrounding ocean waters, providing a means of detecting these tiny organisms from space with dedicated ocean colour sensors, such as MERIS. Dr Michael Buchwitz from the Institute of Environmental Physics (IUP) at the University of Bremen in Germany presented global carbon dioxide measurements based on observations from Envisat’s SCIAMACHY instrument from 2003 to 2005. The SCIAMACHY (Scanning Imaging Absorption Spectrometer for Atmospheric Chartography) instrument is the first space sensor capable of measuring the most important greenhouse gases with high sensitivity down to the Earth’s surface because it observes the spectrum of sunlight shining through the atmosphere in ‘nadir’ looking operations on a global scale. Buchwitz explained that he and his colleagues first measure the absolute carbon dioxide (CO2) column in number of CO2 molecules per area above the Earth’s surface. Then, they measure the oxygen (O2) column that can be easily converted into an ‘air column’. As seen in the image above, both figures are essentially identical, as he had expected. "There are, however, tiny differences and this is the CO2 source/sink information we are interested in," Buchwitz said. "To see this we compute the CO2/O2 ratio which can be converted into a column averaged CO2 mixing ratio." Dr Paul Monks from the University of Leicester is using SCIAMACHY data to measure how much CO2 is being taken up by plants. Using 20,000 individual measurements a month, he is monitoring CO2 drawn down over Siberia, North America and Northern Europe. According to Monks, this view from space is providing the first evidence of the Earth ‘breathing’ by allowing scientists to witness the biology drawing down CO2 during the growing season and then releasing some of it back. "The exciting new area breaking from this sort of data is that we begin to be able to look at the tropics, which are the ‘lungs’ of the atmospheric system," Monks said. "Using this data, we are going to be able to assess how efficient the tropics are at modulating carbon as well as how that is changing with time as climate change effects the tropical biosystem." By comparing the satellite data to aircraft data and to remote-sensing sites on the surface, Monks learned the method he and his colleagues are using is approaching a precision of around 1%, giving them confidence in what they see from space. By better understanding all of the parameters involved in the carbon cycle, scientists can better predict climate change as well as better monitor international treaties aimed at reducing greenhouse gas emissions, such as the Kyoto Protocol which addresses the reduction of six greenhouse gases including carbon dioxide. 

Impact – Information Pearl Harbor

A satellites attack will create an information Pearl Harbor—kills every major sector

Akir, 4 – Ohio Univ. Doctoral Student
(Ziad I., “Space Security: Possible Issues & Potential Solution”, Ohio University Space Journal, Winter 2004, http://spacejournal.ohio.edu/issue6/pdf/ziad.pdf) 
Economic sectors such as telecommunication;, energy and utilities; transportation; and banking and finance; rely on satellite systems. Damage to satellite operations will cause huge and painful monitory losses to the operators of such services. The more dependent countries become on the information and services provided by satellites, the more significant the impact of failure are sure to be. For a country such as the United States, an attack on its commercial satellite systems will create an “Information Pearl Harbor.” Such an attack can damage the U.S. economy via its financial markets. Moreover, economic consequences can also be due to hijacking satellite links that provide telephony and television broadcast. Besides the economic consequences, human lives are at risk due to space systems insecurity. Satellites are used to detect and forecast natural disasters such as storms and tornados. These phenomena can be deadly when societies cannot predict their movement and take precautionary measures ahead of time. Satellites have been doing a good job tracking weather systems and helping forecast hurricanes, tornados, and floods. Remote sensing satellites have been used to study the earth layers and can sometimes help predict earthquakes. Human participants in space projects can also be at risk. Among the best examples are the Challenger and Columbia Space Shuttle crews who lost their lives due to the failure of their spacecraft. The International Space Station (IIS) and the grounded Russian Space Station (MIR) before it housed humans for extended periods of time. Securing and protecting these stations is high on the agenda of those involved in space development. 

Impact – Enviornment/Laundry List 

Satellites are key to;

· Environmental monitoring

· Transportation/infrastructure

· Oil/gas pipelines

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

Although the probability of catastrophic collisions caused by space debris has increased over the years, it remains relatively low and there have been only four known collisions between objects larger than ten centimeters (Wright 2009, 6). Nevertheless, the real concern is the predicted runaway growth of space debris over the coming decades. Such uncontrolled growth would prohibit the ability of satellites to provide their services, many of which are now widely used by the global community. Indeed, in a testimony to Congress for a hearing on “Keeping the Space Environment Safe for Civil and Commercial Uses,” the Director of the Space Policy Institute at George Washington University, Dr. Scott Pace, stated that, …space systems such as satellite communications, environmental monitoring, and global navigation satellite systems are crucial to the productivity of many types of national and international infrastructures such as air, sea, and highway transportation, oil and gas pipelines, financial networks, and global communications (Pace 2009). 
Debris causes environmental issues

Johnson, 98 – Committee on Space Debris, Aeronautics and Space Engineering Board Commission on Engineering and Technical Systems

(Nicholas, National Research Council, Pollution Issues, “Space Pollution,” http://www.pollutionissues.com/Re-Sy/Space-Pollution.html, JMN)

In the most general sense, the term space pollution includes both the natural micrometeoroid and man-made orbital debris components of the space environment; however, as "pollution" is generally considered to indicate a despoiling of the natural environment, space pollution here refers to only man-made orbital debris. Orbital debris poses a threat to both manned and unmanned spacecraft as well as the earth's inhabitants. Environmental and Health Impacts The effects of debris on other spacecraft range from surface abrasion due to repeated small-particle impact to a catastrophic fragmentation due to a collision with a large object. The relative velocities of orbital objects (10 kilometers per second [km/s] on average, but ranging from meters per second up to 15.5 km/s) allow even very small objects—such as a paint flake—to damage spacecraft components and surfaces. For example, a 3-millimeter (mm) aluminum particle traveling at 10 km/s is equivalent in energy to a bowling ball traveling at 60 miles per hour (or 27 m/s). In this case, all the energy would be distributed in an area of the same size as the particle, causing cratering or penetration, depending on the thickness and material properties of the surface being impacted. There has been one accidental collision between cataloged objects to date, but surfaces returned from space and examined in the laboratory confirm a regular bombardment by small particles. Space Shuttle vehicle components, including windows, are regularly replaced due to such damage acquired while in orbit. Debris also poses a hazard to the surface of the Earth. High-melting-point materials such as titanium, steel, ceramics, or large or densely constructed objects can survive atmospheric reentry to strike the earth's surface. Although there have been no recorded fatalities or severe injuries due to debris, reentering objects are regularly observed and occasionally found. Debris is typically divided into three size ranges, based on the damage it may cause: less than 1 centimeter (cm), 1 to 10 cm, and larger than 10 cm. Objects less than 1 cm may be shielded against, but they still have the potential to damage most satellites. Debris in the 1 to 10 cm range is not shielded against, cannot easily be observed, and could destroy a satellite. Finally, collisions with objects larger than 10 cm can break up a satellite. Of these size ranges, only objects 10 cm and larger are regularly tracked and cataloged by surveillance networks in the United States and the former Soviet Union. The other populations are estimated statistically through the analysis of returned surfaces (sizes less than 1 mm) or special measurement campaigns with sensitive radars (sizes larger than 3 mm). Estimates for the populations are approximately 30 million debris between 1 mm and 1 cm, over 100,000 debris between 1 and 10 cm, and 8,800 objects larger than 10 cm. 

Impact – BioDiversity 

Satellites are vital to saving endangered animals like the kangaroo rat, which are vital to biodiversity.

SFC 9

[San Francisco Chronicle, ‘Scientists to use satellites to count endangered kangaroo rats’ Sept 22, 2009. http://current.com/groups/endangered-species-videos-endangered-species-news/89315684_scientists-to-use-satellites-to-count-endangered-kangaroo-rats.htm]

Scientists plan to use satellite photos to count Giant Kangaroo Rats, the first-ever monitoring of an endangered species from outer space. Scientists will examine images taken from the same satellite used by Israeli defense forces to find the circular patches of earth denuded by the rats as they gather food around their burrows. From that they plan to get the first-ever accurate population count of the rodents, a bellwether for the health of a parched plains environment. By comparing the photos to 30 years of satellite images being released this month by the U.S. Geological Survey, researchers hope to better understand how the population has fluctuated in response to climate change and as the arrival of state and federal canal water turned the arid San Joaquin Valley into a patchwork of intensely cultivated farms and forced Giant Kangaroo Rats to concentrate on higher ground. The information will help scientists determine when cattle might be used to reduce nonnative grasses, allowing the rats to more easily find food. This study using satellite technology is taking place on the vast Carrizo Plain, a 390-square-mile desert grassland 150 miles southwest of here that is home to the most concentrated remaining populations of kangaroo rats. The technology replaces trapping and tedious airplane fly-overs as a means of taking census. "It allows us to more quickly recognize whether populations are declining where we want them to exist," said Scott Butterfield, a biologist with of The Nature Conservancy. "If they go below a threshold, that is when we would consider intervening." Giant Kangaroo Rats, nocturnal rodents so named because they hop on back legs, adapted to their desert environment by extracting moisture from seeds and in their nasal passages from the humid air they exhale. For food, they pile seeds from native grasses in circles outside their burrows, which provide shelter for the endangered San Joaquin antelope squirrel and blunt-nosed lizards. Their fat five-inch bodies are a favored source of food for the endangered kit fox. High rainfall encourages the growth of taller nonnative grasses, which overrun the shorter grasses that kangaroo rats depend on for food. Less food means fewer offspring. When kangaroo rats decline, so do the endangered native plant and animal species that depend on them for survival, the researchers say. Determining at what point rainfall affects foraging will help the U.S. Bureau of Land Management establish grazing policy to control nonnative grasses and encourage a healthy kangaroo rat population. "Without them the entire ecosystem would go out of whack," said Tim Bean, a doctoral student with the department of environmental policy and management at the University of California, Berkeley. "It's fairly rare for something so small to be a keystone species. It's easier to track, say, bison." 

Impact – Heg

Space debris devastates US space capabilities and necessities 

Schumacher 10 – reporter international conference on orbital debris
(Cindy ,1/21/10, http://www.mauiweekly.com/page/content.detail/id/500916/Conference-Explores-Space-Debris-Threats-and-Solutions.html?nav=13, JMN)
On May 21, 2009, the Maui Weekly reported on the importance of raising public awareness of the growing risks posed by space debris—a point of discussion at the 5th Annual European Space Debris Conference in Darmstadt, Germany. And because of the risks from continued proliferation of space debris, NASA and DARPA (Defense Advanced Research Projects Agency) sponsored the first-ever International Conference on Orbital Debris Removal near Washington, D.C., last month. In the last two years, collisions between satellites and explosions of rocket boosters in orbit around the Earth have added many thousands of debris fragments to the orbiting population. And any one of these fragments could disable or destroy operating satellites or manned spacecraft. Maui resident Dr. Mark Skinner, a senior scientist and technical manager at Boeing’s Maui Space Surveillance Site, attended the conference of nearly 300 participants and 60 speakers. Dr. Skinner noted the importance of the subject for Boeing and the community at large. “Technology in space, worth trillions of dollars altogether, provides so much to our daily lives,” Dr. Skinner said. “We hardly realize or think about our dependence on a clean space environment. Space debris is a major threat to business in the 21st century,” he said. Our dependence on space systems for weather data, navigation and vital reconnaissance is growing. Space systems provide modern business communications, remote sensing, and digital television and music for millions of consumers. Boeing is a leading manufacturer of satellites in the world. “We are prepared to promote the adoption and implementation of space debris removal measures to support our customer’s mission operations in space,” said Dr. Skinner. Maui plays a great role in the detection of space debris. “It is a key location for tracking space objects to counter possible catastrophic impacts,” he said. Conference speakers offered advanced concepts for debris removal that included lasers, tethers, solar sails and other brilliant methods of moving debris objects out of often-used orbits. For example, short pulses of high-powered laser beams from stations on the ground can vaporize a tiny amount of the mass of the debris object hundreds of miles out in space. The puff of plasma vapor generated by the laser’s heat would provide a small momentary rocket thrust, slowing the object down so it can re-enter the Earth’s atmosphere. For another example, if a power source and a thin electrically conducting tether many miles long are attached to the debris object, then the magnetic field of the Earth could provide enough extra force to move even large objects like empty rocket stages out of the way. It now appears that these “far out” methods, will be cheaper and easier in the long run than more obvious methods, such as capturing debris in a net and towing it out of the way with another spacecraft. Gene Stansbery, NASA Orbital Debris Program manager at Johnson Space Center in Houston, discussed the importance of public awareness of the debris problem, as well as having a well-informed Congress and additional government funding for space programs. “For several decades, orbital debris has been identified as a serious concern. There have been evaluations of techniques for such an effort since the 1970s, but they have fallen short because of the insurmountable technical and cost hurdles,” he said. “However, the only way to curtail this debris growth is to remove existing resident space objects, preferably the larger and more massive ones in highly congested regions first.” The basic problem is that even if we stopped flying anything into orbit, the debris population would continue to increase because collisions between existing space objects will continue. In order to control the growth of space debris, it is necessary to remove some space objects to reduce the number of future collisions. Legal and insurance representatives at the conference also raised some difficult issues. Any debris removal system will have to contend with legal and policy issues, said the representatives. Nations and companies retain ownership of hardware in orbit after it is retired, so an international agreement or legislation may be required before someone else is allowed to remove it, they said. On Dec. 14, 2009, the Space Mart website editorialized that, “Space trash is here to stay.” The big question that still seems to be unanswered is, “Who will pay for the clean up?” Space Mart concludes that the space debris debate will continue over the next decade. “However,” they said, “only one thing will accelerate a solution: another catastrophic collision between satellites.”
US military hegemony is heavily dependent on satellites – even the loss of one satellite would crush our ability to combat terrorism and proliferation
Imburgia 11 - Targeting Officer, United States Strategic Command, Offutt Air Force Base, Neb

(Lieutenant Colonel Joseph S.  April 4 “Space Debris and Its Threat to National Security: A Proposal for a Binding International Agreement to Clean Up the Junk”  Vanderbilt Journal of Transnational Law Vol. 44:589)

These gloomy prognostications about the threats to our space environment should be troubling to Americans. The United States relies on the unhindered use of outer space for national security.151 According to a space commission led by former Secretary of Defense Donald Rumsfeld, “[t]he [United States] is more dependent on space than any other nation.”152 According to Robert G. Joseph, former Undersecretary for Arms Control and International Security at the State Department, “space capabilities are vital to our national security and to our economic well-being.”153 Therefore, a catastrophic collision between space debris and the satellites on which that national security so heavily depends poses a very real and current threat to the national security interests of the United States. Since “the [1991] Gulf War, the [United States] military has depended on satellites for communications, intelligence and navigation for its troops and precision-guided weapons.”154 Satellites are also used for reconnaissance and surveillance, command and control, and control of Unmanned Aerial Vehicles.155 According to the United States Space Command’s Fact Sheet: Satellites provide essential in-theater secure communications, weather and navigational data for ground, air and fleet operations and threat warning. Ground-based radar and Defense Support Program satellites monitor ballistic missile launches around the world to guard against a surprise missile attack on North America. Space surveillance radars provide vital information on the location of satellites and space debris for the nation and the world. Maintaining space superiority is an emerging capability required to protect our space assets.  With the modern speed of warfare, it has become difficult to fight conflicts without the timely intelligence and information that space assets provide. Space-based assets and space-controlled assets have created among U.S. military commanders “a nearly insatiable desire for live video surveillance, especially as provided from remotely piloted vehicles like the Predator and now the Reaper.”157 Moreover, military forces have become so dependent on satellite communications and targeting capabilities that the loss of such a satellite would “badly damage their ability to respond to a military emergency.”158 In fact, the May 2008 malfunction of a communications satellite demonstrates the fragile nature of the satellite communications system.159 The temporary loss of a single satellite “effectively pulled the plug on what executives said could [have been] as much as 90 percent of the paging network in the United States.”160 Although this country’s paging network is perhaps not vital to its national security, the incident demonstrates the possible national security risks created by the simultaneous loss of multiple satellites due to space debris collisions. Simply put, the United States depends on space-based assets for national security, and those assets are vulnerable to space debris collisions. As Massachusetts Democratic Congressman Edward Markey stated, “American satellites are the soft underbelly of our national security.”161 The Rumsfeld Commission set the groundwork for such a conclusion in 2001, when it discussed the vulnerability of U.S. space-based assets and warned of the Space Pearl Harbor.162 Congress also recognized this vulnerability in June 2006, when it held hearings concerning space and its import to U.S. national power and security.163 In his June 2006 Congressional Statement, Lieutenant General C. Robert Kehler, then the Deputy Commander, United States Strategic Command, stated that “space capabilities are  inextricably woven into the fabric of American security.”164 He added that these space capabilities are “vital to our daily efforts throughout the world in all aspects of modern warfare” and discussed how integral space capabilities are to “defeating terrorist threats, defending the homeland in depth, shaping the choices of countries at strategic crossroads and preventing hostile states and actors from acquiring or using WMD.”165 
Satellites are the key internal link to military communications – they’re 80% of it 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

The second major space-debris creating event was the accidental collision between an active Iridium satellite and a defunct Russian military satellite on February 10, 2009. The collision created two debris clouds holding more than 200,000 pieces of debris larger than one centimeter at similar altitudes to those of the 2007 Chinese ASAT test (Johnson 2009b). It was the first time two intact satellites accidentally crashed in orbit, challenging the “Big Sky Theory,” which asserts that the vastness of space makes the chances of a collision between two orbiting satellites negligible (Newman et al. 2009). Iridium uses a constellation of sixty-six satellites to provide voice and data services to 300,000 subscribers globally. As the company keeps several spare satellites in orbit, the collision caused only brief service interruptions directly after the event (Wolf 2009). Nevertheless, the event was highly significant as it demonstrated that the current population of space objects is already sufficient to lead to accidental collisions, which, in turn, can lead to the creation of more space debris and increased risks to operational space systems. This type of progressive space debris growth is worrisome. The U.S. military, for example, relies on commercial satellites like Iridium for over 80 percent of its wartime communications (Cavossa 2006, 5).
Satellites are critical enablers for US military operations 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

Furthermore, satellite-enabled military capabilities such as GPS precision-guided munitions are critical enablers of current U.S. military strategies and tactics. They allow the United States to not only remain a globally dominant military power, but also wage war in accordance with its political and ethical values by enabling faster, less costly warfighting with minimal collateral damage (Sheldon 2005; Dolman 2006, 163-165). Given the U.S. military’s increasing reliance on satellite-enabled capabilities in recent conflicts, in particular Operation Desert Storm and Operation Iraqi Freedom, some have argued that losing access to space would seriously impede the ability of the United States to be successful in future conflicts (Dolman 2006, 165). 
Debris collisions would shut down critical military operations

Smith 10- Science and Technology reporter for The Age, an Australian newspaper

(Bridie, “Space junk puts future of launches in jeopardy”, The Age, April 26, Lexis)

SPACE has become so cluttered with junk that it could be impossible to launch anything in 100 years because the risk of collision would be too great. Everything from global positioning systems, mobile phone calls, television broadcasts, weather forecasts and remote sensing relies on satellites, making the congestion of space an increasingly urgent problem for international scientific and diplomatic communities. David Coward, of the University of Western Australia's school of physics, said 15,000-30,000 objects are launched into space each year, with the US the biggest contributor. He said space junk as small as one centimetre could destroy a satellite, as it travelled "faster than a bullet" at up to 29,000 km/h. At present, about 650,000 objects greater than one centimetre are orbiting Earth, most in low Earth orbit and some in geosynchronous orbit, the zones where the communication and military satellites reside. "That number is growing every year," Professor Coward said. "It's a serious issue, as our whole technology is underpinned by rapid satellite communications and this is an increasing threat." Last year's defence white paper noted that space assets such as communications, surveillance and navigation "will play an increasingly important role in military operations". "Protecting our assets from . . . accidental damage caused by space debris will be critical," the paper stated. A 2008 Senate report also warned that the threat space junk posed would increase as space became more accessible and congested. 

Satellites are critical to national security objectives- vice-chairman of the Joint Chiefs of Staff

Cartwright 09- Vice Chairman of the Joint Chiefs of Staff

(Gen. James, “Keynote: Contributions of Space to U.S. Security,” A Day Without Space: National Security Ramifications, The Marshall Institute, http://www.marshall.org/pdf/materials/660.pdf, February 12)

Gen. James Cartwright: The subject is space and national security associated with space. The opportunity for a forum to start to discuss some of the issues that are emerging is one that I certainly wanted to sign up to and be here this morning. As we look at the realities of the world that we live in today, the issue of scale and of pace of change are dominant attributes. You can look the proliferation of threat and the fact that our forces are decreasing in numbers, in general terms, in comparison to ten or twenty years ago. Our requirements to be places are increasing. In fact, the demand on the military and on national security is one of global proportions, not regional proportions. The ability to have smaller numbers of units, more proliferated, more distributed and yet more effective and able to handle a broader range of threats is really the reality of national security as we move into the 21 st century. If you are going to do that, if you are going to be a global force, if you are going to able to handle the rate and pace of change that is going on and the broad distribution of threat, space is one of our key enablers, because we can’t move large numbers of platforms around the world and chase threat or play “wack-a-mole.” We have to have three capabilities that space brings to us. They are leveraging to our forces, they are leveraging to our nation. The commerce part of this equation plays into it, but I am focusing on the national security side. So in that construct, those of you that have worked in this environment over the years understand that we have gone from tens to tens of thousands of assets, activities, entities in space over a very short period of time. It is a crowded place out there today. There is no just way around that. So the need is, first and foremost, for better space situational awareness out there is something that we have to actively pursue. It was acceptable five years ago to know that something was out there and check on it every couple of weeks, to know that something was going to join the fleet in space and then we were willing to accept two or three weeks or a month to get it stabilized, find out where it was and catalog it. Those days just are not tolerable any more, if nothing else for the congestion, but also from the standpoint of threat and understanding what is going on out there, whether it be a threat of physical conjunction, as we experienced recently or whether it be the threat of somebody with mal-intent against another asset in space or against terrestrial assets. So understanding situational awareness and changing the basic approach from something that is acceptable in days and weeks to something that is acceptable only in seconds and minutes is a big change in the architecture as we start to move forward. From the standpoint of the art of war, nothing is impervious to threat. So building a foundation or an architecture based on pure protection is generally considered a self-defeating activity, a Maginot line defense. 

The US military cannot fight without GPS – last year’s glitch proves

Elliott 10 – AP Report

(Dan “Glitch highlights U.S. military reliance on GPS” 6/1 http://www.msnbc.msn.com/id/37451462/ns/us_news-security/t/glitch-highlights-us-military-reliance-gps)

DENVER — A problem that rendered as many as 10,000 U.S. military GPS receivers useless for days is a warning to safeguard a system that enemies would love to disrupt, a defense expert says. The Air Force has not said how many weapons, planes or other systems were affected or whether any were in use in Iraq or Afghanistan. But the problem, blamed on incompatible software, highlights the military's reliance on the Global Positioning System and the need to protect technology that has become essential for protecting troops, tracking vehicles and targeting weapons. "Everything that moves uses it," said John Pike, director of Globalsecurity.org, which tracks military and homeland security news. "It is so central to the American style of war that you just couldn't leave home without it." The problem occurred when new software was installed in ground control systems for GPS satellites on Jan. 11, the Air Force said. Officials said between 8,000 and 10,000 receivers could have been affected, out of more than 800,000 in use across the military. Air Force shifts blame In a series of e-mails to The Associated Press, the Air Force initially blamed a contractor for defective software in the affected receivers but later said it was a compatibility issue rather than a defect. The Air Force didn't immediately respond to a request for clarification. The Air Force said it hadn't tested the affected receivers before installing the new software in the ground control system. One program still in development was interrupted but no weapon systems already in use were grounded as a result of the problem, the Air Force said. The Air Force said some applications with the balky receivers suffered no problems from the temporary GPS loss. An Air Force document said the Navy's X-47B, a jet-powered, carrier-based drone under development, was interrupted by the glitch. Air Force officials would not comment beyond that on what systems were affected. Navy spokeswoman Jamie Cosgrove confirmed the X-47B's receivers were affected but said it caused no program delays. Targeting systems dependent At least 100 U.S. defense systems rely on GPS, including aircraft, ships, armored vehicles, bombs and artillery shells.  Because GPS makes weapons more accurate, the military needs fewer warheads and fewer personnel to take out targets. But a leaner, GPS-dependent military becomes dangerously vulnerable if the technology is knocked out. James Lewis, a senior fellow at the Center for Strategic and International Studies, said the glitch was a warning "in the context where people are every day trying to figure out how to disrupt GPS." The Air Force said it took less than two weeks for the military to identify the cause and begin devising and installing a temporary fix. It did not say how long it took to install the temporary fix everywhere it was needed, but said a permanent fix is being distributed. All the affected receivers were manufactured by a division of Trimble Navigation Limited of Sunnyvale, Calif., according to the Air Force. The military said it ran tests on some types of receivers before it upgraded ground control systems with the new software in January, but the tests didn't include the receivers that had problems. The Air Force said it traced the problem to the Trimble receivers' software. Trimble said it had no problems when it tested the receivers, using Air Force specifications, before the ground-control system software was updated. Civilian receivers use different signals and had no problems. Defense industry consultant James Hasik said it's not shocking some receivers weren't tested. GPS started as a military system in the 1970s but has exploded into a huge commercial market, and that's where most innovation takes place. "It's hard to track everything," said Hasik, co-author of "The Precision Revolution: GPS and the Future of Aerial Warfare." Advertise | AdChoices The Air Force said it's acquiring more test receivers for a broader sample of military and civilian models and developing longer and more thorough tests for military receivers to avoid a repeat of the January problem. The Air Force said the software upgrade was to accommodate a new generation of GPS satellites, called Block IIF. The first of the 12 new satellites was launched from a Delta 4 rocket Thursday after several delays. In addition to various GPS guided weapons systems, the Army often issues GPS units to squads of soldiers on patrol in Iraq and Afghanistan. In some cases a team of two or three soldiers is issued a receiver so they can track their location using signals from a constellation of 24 satellites. 

GPS satellites are key to US war fighting capabilities – Operation Red Dawn proves

Ray 3 - editor of Spaceflight Now 
(Justin “Upgraded satellite en route to GPS constellation” Space Flight Now December 21 http://spaceflightnow.com/delta/d302/)

"As recently as Operation Red Dawn when our Army's 4th Infantry Division pulled Saddam Hussein from his spider hole, GPS satellites have played a key role as an enabler of today's American and coalition war fighting capabilities," said Capt. Andy Wulfestieg, chief of GPS operations section at Air Force Space command.  Citing a story recently told to him by an Army major, Col. Allan Ballenger, the Air Force's system program director for the NAVSTAR GPS Joint Program Office, said the navigation network helps the military "make life and death decisions each and every day." "His job over in Afghanistan was leading the team sweeping for mine fields. In this particular example, they are able to go in and plot where bad places are and good places are." This newest satellite is the first to feature an advanced antenna panel to increase power for GPS receivers. It replaces an old model spacecraft in the constellation that has surpassed its design life and suffers from a solar array drive problem, officials noted. GPS 2R-10, also known as SVN-47, will fill the Plane E, Slot 2 position in the GPS network. It takes over for GPS 2A-10 launched on November 26, 1990. This was the third launch in 2003 to sustain the GPS fleet, with four more planned next year. The first is expected in March. The six decarded ground-lit solid rocket boosters are visible from the Cape Press Site as the Delta 2 rocket streaks onward with the power of its main engine and air-lit boosters. There are eleven more 2R-series satellites waiting to fly, eight of which have been modernized with two new military signals and a second civil signal to improve capabilities for users. The first modernized craft is slated for launch at the end of 2004. "The GPS 2R program is a great example of how teamwork and technology come together to provide a wide range of military and civilian uses for navigation and precision-timing applications," said Dave Podlesney, Lockheed Martin's GPS 2R program director. "We take great pride in achieving mission success for our Air Force customer and look forward to delivering another high performance spacecraft to our men and women in uniform, as well as for civil, scientific and commercial users around the globe." 

US military capabilities are completely dependent upon our space assets

McGrath 9

[THOMAS M. MCGRATH, B.S., Virginia Tech, M.S., Naval Postgraduate School “What Happens if the Stars Go Out? U.S. Army Dependence on the Global Positioning System” 2-2009 http://dodreports.com/pdf/ada520135.pdf] AK
Technology and the U.S. Army are bonded together and with the proliferation of GPS jamming and spoofing technologies, that bond will be severely tested in the future. With the exponential rise in cost to obtain cutting-edge technology and a limited budget to cover long term commitments, the U.S. Army needs to be aware of the risk of vulnerabilities in its ―electronic armor.‖ The Chinese military strategy clearly acknowledges the United States dependence on GPS technology. Among many complex and diverse lessons, Chinese analyses of US military operations in the Persian Gulf wars, Kosovo and Afghanistan have yielded one critical insight: the United States is inordinately dependent on its complex but exposed network of sophisticated command, control, communications and computer-based intelligence, surveillance and reconnaissance systems operating synergistically in and through space. In other words, while American military power derives its disproportionate efficacy from its ability to leverage critical space assets, these very resources are simultaneously a font of deep and abiding vulnerability. Chinese strategists concluded, therefore, that any effort to defeat the United States would require a riposte against its Achilles heel: its space-based capabilities and their organic ground installations. (Tellis 2007)
Space is necessary to maintain military superiority – they are at high risk now

Pfaltzgraff 09, president Institute Foreign Policy Analysis and PhD Professor at Tufts University
[“Space and U.S. Security: A Net Assessment” January 2009, Institute for Foreign Policy Analysis, principal investigator Robert Pfaltzgraff, PhD and President of IFPA, Professor of International Security Studies at The Fletcher School of Law and Diplomacy at Tufts University http://www.ifpa.org/pdf/Space_and_U_S_Security_Net_Assessment_Final_Dec15_08.pdf] AK
In addition to shortfalls in our future space workforce, it is possible to survey U.S. vulnerabilities in space by reference to the risk of attack and the consequences of the destruction of specific space-based assets. Risk may be assessed by determining the availability of capabilities in the hands of adversaries of the United States that could mount such an attack. The incentive to destroy U.S. space-based capabilities would be enhanced by the impact of the devastating consequences that their destruction would bring upon the United States—leading in a worst-case situation to a “world without the United States” to which the Iranian leader Ahmadinejad has referred. An attack would be mounted against space systems themselves or against their ground-based infrastructure. Anti-satellite attacks could be staged from the ground or from space. Treaty-based efforts to prevent the development and deployment of such capabilities, even if they were to prove feasible, would probably be inadequate in themselves for reasons already discussed. For example, the definition of a space weapon is difficult in itself because satellites can be attacked from Earth or from space, making verification perhaps impossible. Because it is more dependent than any other nation on space, the threat to and from space is greatest to the United States. Space systems such as those deployed by the United States have various vulnerabilities. They include strikes that could be mounted against ground stations, launch systems, or orbiting satellites. Our space systems are vulnerable to disruption or actual destruction, as well as to efforts on the part of an adversary to deny use of them. Such efforts could include interference with satellite systems, detonation of a nuclear weapon in space causing electromagnetic pulse (EMP) effects, or use of micro-satellites to attack our satellites. Just as control of the seas has been essential to the right of innocent passage for commerce, the ability of the United States to maintain assured access to space will depend on space control. The already extensive importance of space for commercial and military purposes, as well as its prospective role in missile defense reinforces the case that the United States must maintain control of space in the twenty-first century.

Debris threatens key communication satellites--key to all military tech

The Age 2010 (“Space junk puts future of launches in jeopardy” 4/26 LexisNexis)

Space junk puts future of launches in jeopardy. SPACE has become so cluttered with junk that it could be impossible to launch anything in 100 years because the risk of collision would be too great. Everything from global positioning systems, mobile phone calls, television broadcasts, weather forecasts and remote sensing relies on satellites, making the congestion of space an increasingly urgent problem for international scientific and diplomatic communities. David Coward, of the University of Western Australia's school of physics, said 15,000-30,000 objects are launched into space each year, with the US the biggest contributor. He said space junk as small as one centimetre could destroy a satellite, as it travelled "faster than a bullet" at up to 29,000 km/h. At present, about 650,000 objects greater than one centimetre are orbiting Earth, most in low Earth orbit and some in geosynchronous orbit, the zones where the communication and military satellites reside. "That number is growing every year," Professor Coward said. "It's a serious issue, as our whole technology is underpinned by rapid satellite communications and this is an increasing threat." Last year's defence white paper noted that space assets such as communications, surveillance and navigation "will play an increasingly important role in military operations". "Protecting our assets from . . . accidental damage caused by space debris will be critical," the paper stated. A 2008 Senate report also warned that the threat space junk posed would increase as space became more accessible and congested.

Impact – War On Terror

Satellites crucial to overseas operations and the war on terror—caught bin Laden

United States Senate 11; (United States senators:  Mark Begich; John Kerry; Mark Udall; John D. Rockefeller IV; Carl Levin; Sheldon Whitehouse; Jeanne Shaheen; Benjamin L. Cardin; Michael Bennet; Daniel Akaka; Frank R. Lautenberg; Maria Cantwell; and Jeff Merkley; letter to Chairman Inouye and Vice Chairman Cochran; 6/17/11; accessed 6/24/11; ProQuest Congressional) 
Finally, polar-orbiting weather satellites playa kev role in planning overseas military operations. Both Air Force and NOAA satellites feed DOD weather forecasts, which allow military planners to pick the best time to conduct operations. It is worth noting that both the raid to capture Osama bin Laden and the airstrikes on Libya were appropriately delayed due to forecasts of unfavorable weather. It is critical to our national security that we maintain a robust system of satellites to observe the weather and feed forecasts globally- a system that requires both Air Force and NOAA weather satellites. For all of these reasons, we are particularly concerned about the looming gap in NOAA polar-weather satellite coverage. We hope you will continue your strong support of the program in 20 12. 

Impact – Space Exploration

Solving high levels of space debris is a pre-requisite to future space exploration

Katz-Hyman and Krepon 5, Co-founder of the Henry Stimson Center and the author/editor of thirteen books and over 350 articles. [Michael and Michael, "Viewpoint: Space Weapons and Proliferation." Non Proliferation Review. Vol. 12, No. 2 (July 2005): 323-341. http://www.informaworld.com/smpp/content~db=all~content=a727716099] AK
Now there is far greater recognition that space debris is an indiscriminate killer. It remains the biggest threat to satellites, the space shuttle, and the International Space Station. The National Aeronautics and Space Administration (NASA) has preliminarily reported that if another catastrophic accident occurs to the space shuttle, there is a 50-percent chance that it would be the result of space debris. Space shuttle windows have needed to be replaced 55 times between 1981 and 1996 due to pits caused by tiny pieces of debris. Even in the absence of ASAT tests over the past two decades, the amount of orbital debris has doubled. In a typical year, 150 metric tons of debris, including paint flecks, pieces of rocket boosters, and stray nuts and bolts enter into orbit. More than 13,000 objects greater than 10 centimeters in diameter are now tracked by U.S. Air Force Space Command. 
Space Debris will prevent future space missions and development 

O’neill  8

[Ian,  founder and editor of Astroengine. He is a space producer for Discovery News. O’Neill is a British solar physics doctor with nearly a decade of physics study and research experience. His current research interests include turbulent solar plasmas, non-linear mechanics, astrophysics and space weather systems, but his personal interests cover all aspects of cosmology and physical concepts. PhD the University of Wales, Aberystwyth. His thesis is entitled “Quiescent Coronal Loops Heated By Turbulence.” Before that, he completed a four year masters course in planetary and space physics at the same institution, 2/24/2008, “Space Debris May be Catastrophic to Future Missions” http://www.universetoday.com/12933/space-debris-may-be-catastrophic-to-future-missions-and-google-earth-is-watching/]

Kessler Syndrome could be a frightening situation for space travel. No, it’s not a health risk to the human body in zero-G and it’s not a psychological disorder for astronauts spending too much time from home. Kessler Syndrome is the point at which space travel becomes impossible without hitting into a piece of space junk, jeopardizing missions and risking lives. In extreme predictions, space debris from our constant littering of low Earth orbit, collisions between bits of rubbish may become more and more frequent, causing a catastrophic cascade of debris multiplying exponentially, falling through the atmosphere and making space impassable. In the meanwhile, space mission controllers must be acutely aware that there could be an odd bolt or piece of old satellite flying toward their spaceship at velocities faster than the fastest rifle shot. Spare a thought for the space debris trackers as they try to keep a record of the 9,000+ pieces of junk currently orbiting our planet… but wait a minute, Google Earth can give us a ringside seat! Strict international civil aviation-style laws may need to be imposed on the worlds space agencies if future generations of the human race are going to make it in space. This stark warning comes from Tommaso Sgobba, Director of the International Association for the Advancement of Space Safety, who will be presenting his case to the United Nations in April. Sgobba’s main argument comes from the danger associated with the escalating accumulation of space debris in Earth orbit, should these high speed bits of junk hit a spaceship, satellite or an astronaut, death and disaster may ensue. It may get worse than this, possibly paralysing the Earth from having access to space at all. “Failure to act now to regulate space to protect property and human life would be pure folly.” – Tommaso Sgobba. Other scientists agree with Sgobba, recommending that future missions in to space abide by some strict codes of practice (possibly more strict than those imposed on international civil aviation) to drastically cut the rate of orbital littering by the 20 countries currently able to send stuff into space. Even the most tightly controlled missions, such as the International Space Station, are expected to shed bits and pieces over the course of their lifetimes. Space junk comes in all shapes and sizes and can be anything from a small screw to entire dead satellites. Recorded examples of space junk include an old glove lost by Ed White during the first ever US space walk in 1965 (during the Gemini-4 mission), a camera that Michael Collins let slip in space in 1966 (during the Gemini-8 mission) and a pair of pliers that International Space Station astronaut Scott Parazynski dropped during an EVA last year. Some space debris near misses include: Space Shuttle dodge: Space Shuttle Atlantis had to avoid collision with a piece of a Russian satellite by carrying out a seven second burn of its engines in 1991. Aircraft scare: Bits of an Russian ex-spy satellite fell through the atmosphere coming very close to a Latin American Airbus, carrying 270 passengers in 2006. Personal injury: fortunately there is only one documented account of someone being hit by a piece of debris on the ground. In 1997 a woman from Oklahoma was hit on the shoulder by a piece of a fuel tank from a Delta II rocket. She was unhurt and lived to tell the tail. It is hoped that tighter controls on the rockets, satellites and spacecraft will slow the rate of junk increase, but the problem is already pretty worrying for long-term missions in orbit around the Earth. The two critical regions filling with debris are in low Earth and geosynchronous orbits, a few hundred and 22,300 miles high respectively. Low Earth orbit will cause problems for spacecraft to actually leave the atmosphere and geosynchronous orbit may hinder future communication satellite insertions. To safeguard our access into space, and avoid an increase in debris-related incidents, action will need to be taken. During the research on this article, I came across some work being funded by Ministry of Culture of the Republic of Slovenia, Municipality of Ljubljana, where researchers are making debris location data available to the public via a plugin for the Google Earth application. According to the groups blog, the data is taken from a U.S. government-owned space observatory so known space debris (or as the blog calls it “pollution”, which it really is) can be tracked. On experimenting with the new space debris folder, it really did strike home as to what a problem space junk is becoming. For starters, there is an impossibly thick near-Earth layer and a distinct ring representing the geosynchronous debris. Plus, each item can be selected and information on the individual bits of debris can be found out. 

Impact – Prolif

Space satellites are key to counter prolif, commercial sector development, and military communication

Pfaltzgraff 09, president Institute Foreign Policy Analysis and PhD Professor at Tufts University

[“Space and U.S. Security: A Net Assessment” January 2009, Institute for Foreign Policy Analysis, principal investigator Robert Pfaltzgraff, PhD and President of IFPA, Professor of International Security Studies at The Fletcher School of Law and Diplomacy at Tufts University http://www.ifpa.org/pdf/Space_and_U_S_Security_Net_Assessment_Final_Dec15_08.pdf] AK

Space-based systems enhance early warning and strike capabilities. Space-based systems also provide critical communications and navigation support, which allows for real-time information to be col​lected and distributed to users in addition to making it possible to navigate conflict areas while avoiding hostile defenses. The military force enhancement mission can be divided into six key areas: geodesy, meteorol​ogy, communications, navigation, early warning and attack assessment, and surveillance and reconnaissance. The growing number of missions assigned to space-based surveillance and reconnaissance satellites has led the U.S. to develop a new generation of capabilities. The systems that constitute space-based capabilities, such as satellites, intertwine with the civilian sector. As a result, any effect on U.S. space-based capabilities carries national security implications and commercial consequences. Space will become even more vital to U.S. national security in the years ahead as a result of the ongoing proliferation of weapons of mass destruction (WMD). Therefore, it becomes essential that the United States develop a strategy to counter the use, threatened or actual, of such WMD if their development, deployment, and proliferation cannot be prevented. Space is vitally important in a U.S. counterproliferation strategy that meets WMD challenges. One of the indispensable components of a comprehensive counterproliferation strategy is missile defense. Space provides the best basis for a global missile defense. The proliferation of ballistic missiles and weapons of mass destruction (WMD) and their possession by growing numbers of adversaries, ranging from traditional strategic competitors to terrorist orga​nizations, pose a serious and growing threat to the United States, its civilian population and deployed military forces, and friends and allies. This threat encompasses: rogue states, strategic competitors, and terrorists. A global layered defense capability that includes space is necessary to counter these threats. Layered defenses provide multiple opportunities to destroy attacking missiles in all three phases of flight from any direction regardless of their geographic starting point. As the leading space power, the greater dependence of the United States on space than any other nation leads inevitably both to vulnerabilities and opportunities. Without assured access to space, the U.S. military could not effectively conduct military operations on land, at sea, or in the air. For example, without situational awareness (SSA) provided by space-based systems, it becomes difficult to manage battlefield operations and impossible to track ballistic missiles. Access to space-based assets is essential for a broad range of private-sector activities. The space infrastructure originally established with governmental funding has furnished the basis for both military and commercial applications. The commercial sector is developing technologies that are utilized by the military. In 2007 alone, commercial utilization of space accounted for nearly 70 percent of total global space spending. Impressive commercial growth is demonstrated by the fact that in the past two years alone, governmental share of space spending has fallen by 8 percent even though the aggregate gov​ernmental spending increased by 12 percent. The significance of GPS navigation services to space industry growth is difficult to overestimate. GPS provides an example of the dual-use nature of space technologies. What provides naviga​tion on the battlefield also serves the driver in city traffic.

Satellite assets are key to national security, counter proliferation, national disaster relief, and verification of arms reduction treaties 

Pfaltzgraff 09, president Institute Foreign Policy Analysis and PhD Professor at Tufts University

[“Space and U.S. Security: A Net Assessment” January 2009, Institute for Foreign Policy Analysis, principal investigator Robert Pfaltzgraff, PhD and President of IFPA, Professor of International Security Studies at The Fletcher School of Law and Diplomacy at Tufts University http://www.ifpa.org/pdf/Space_and_U_S_Security_Net_Assessment_Final_Dec15_08.pdf] AK

Among space-based assets, intelligence systems are essential to U.S. security. They furnish the “national techni​cal means” to verify arms reduction treaties, conduct photoreconnaissance, and gather information on natural or man-made disasters. As former Undersecretary of State for Arms Control and International Security Robert G. Joseph noted: “space systems, services, and capabilities are used to improve productivity in areas as diverse as farming, mining, construction, surveying, as well as in providing weather forecasting, enabling search and rescue missions, and facilitating emergency communications.”3 Without space-based intelligence, the ability of the United States to cope with crises and conduct supporting military operations would be gravely dam​aged. Space has become vitally important not only for national security but also for homeland security in the post-9/11 world. The assets deployed in space serve not only a variety of national security functions but also contribute vitally to economic security. Such assets, often the same satellites used by the military, are truly “dual use” capabilities in which the military and civilian sectors are intertwined. Thus the loss of such space capabilities would have simultaneous national security implications and commercial consequences. The importance of this net assessment is heightened by the fact that space will become even more vital to U.S. national security in the years ahead as a result of the ongoing proliferation of weapons of mass destruction (WMD) and the growing dependence of the United States on space-based assets for commercial and defense purposes. Although the United States is undertaking major counterproliferation efforts to prevent countries such as Iran and North Korea from becoming nuclear weapons states and exporting associated technologies, the prospects for success may not be promising. States and other actors determined to acquire WMD have often not been dissuaded by diplomatic initiatives from the United States or other countries or by interna​tional organizations. Therefore, it becomes essential that the United States develop a strategy to counter the use, threatened or actual, of such WMD if their development, deployment, and proliferation cannot be prevented. If nonproliferation proves to be impossible, then counterproliferation becomes essential. If we fail to dis​suade acquisition of WMD, it becomes necessary to deter use. This leads to the need for a counterproliferation strategy. One of the principal components of a comprehensive counterproliferation strategy is missile defense. Space provides the best basis for a global missile defense. A counterproliferation strategy that includes space requires not only continued U.S. access to space but also a more prominent place for space in U.S. national security planning. Yet discussion about space-based defenses with interceptors deployed in space confronts substantial sentiment to the effect that the “weaponization” of space can be prevented if the United States foregoes space-based missile defense and otherwise restricts future space-related national security programs.
GPS can detect nuclear proliferation activities – monitors nuclear tests in 25 minutes

Gorder 6-19-11 [Pam Frost Gorder, writer, The Cutting Edge News online “GPS Stations can Detect Clandestine Nuclear Weapons Tests” 6-19-2011 http://www.thecuttingedgenews.com/index.php?article=52246] AK
Even underground nuclear tests leave their mark on the part of the upper atmosphere known as the ionosphere, the researchers discovered, when they examined GPS data recorded the same day as a North Korean nuclear test in 2009. Within minutes on that day, GPS stations in nearby countries registered a change in ionospheric electron density, as a bubble of disturbed particles spread out from the test site and across the planet. "Its as if the shockwave from the underground explosion caused the earth to 'punch up' into the atmosphere, creating another shockwave that pushed the air away from ground zero," said Ralph von Frese, professor of earth sciences at Ohio State University and senior author on the study. Jihye Park, a doctoral student in geodetic science at the university, is presenting the results of the study in a poster session at the CTBTO meeting in Vienna, Austria. International authorities already possess several methods for detecting illegal nuclear tests, Park said. Seismic detectors pick up shockwaves through land, and acoustic sensors monitor for shockwaves through water and the air for tests that happen above ground. Chemical sensors detect airborne radioactive gas and dust as definitive evidence of a nuclear explosion. However, these particles may be lacking if the explosion is contained deeply below ground. "GPS is a complement to these other methods, and can help confirm that a nuclear test has taken place -- especially when the test was underground, so that its effect in the air is very subtle, and otherwise nearly impossible to detect," she said. While GPS was designed for location purposes, the technology has always been especially sensitive to atmospheric disturbances, said Dorota Grejner-Brzezinska, a professor of geodetic science at Ohio State and Park's advisor. "GPS signals must pass from transmitters on satellites high above the planet down to ground-based receivers," Grejner-Brzezinska explained. "Air molecules -- more specifically, the electrons and other charged particles in the ionosphere -- interfere with the signal, generating position error. Part of our research concerns how to compensate for that vulnerability and make GPS work better. Jihye found a way to take that vulnerability and turn it into something useful." Park wrote computer algorithms that search GPS signals for patterns indicating a sudden fluctuation in atmospheric electron density in specific locations, which is what happens when a shockwave pushes a bubble of air through the atmosphere. As the GPS signal passes through the edge of the bubble, the change in electron density disturbs the signal in a noticeable way. Park was able to utilize data collected from GPS receivers that the International GNSS Service (IGS) has planted around the globe for research purposes. Five of the IGS receivers scattered in Eastern Asia provided data for this study, as did six receivers belonging to the South Korean GPS network. When Park analyzed the data from the 11 GPS stations, she detected a sudden spike in atmospheric electron density after the May 25, 2009 underground test, which is believed to have happened just before 1:00 a.m. Coordinated Universal Time that day. Within 25 minutes, the shockwave had traveled 225 miles to the nearest GPS station in the study, which was located in Inje County, in Gangwon Province, South Korea. That means that it was traveling through the air at 9 miles per minute, or 540 miles per hour. Within that first hour, it had reached all 11 stations. Based on the timing of the shockwave, the researchers traced the origin of the explosion back to P'unggye, in Hamyong Province, North Korea. This finding agrees with seismic data from the event, which was collected by the CTBTO and the US Geological Survey. The researchers will continue this work as Park earns her PhD, and they are seeking funding and partnerships to expand it further. In the meantime, they have submitted a paper on the discovery to the journal Geophysical Research Letters. Collaborators on the study include Yu Morton, professor of electrical and computer engineering at Miami University in Oxford, Ohio, and Luis Gaya-Pique of CTBTO's On-Site Inspection Division.

GPS can track nuclear proliferation by monitoring nuclear testing

Security Technology's News 6-9-2011 [“GPS Shows Impact of Nuclear Tests on Atmosphere” Security Suppliers and News

http://www.security-technologynews.com/news/gps-shows-impact-of-nuclear-tests-on-atmosphere.html] AK

Global Positioning Systems have capabilities beyond mere directional aid. That's according to researchers in the US, who have been studying their role within security, too. To that end, they're presenting a case at the three-day CTBTO (Comprehensive Nuclear Test Ban Treaty) event - which is being held in Austria between 8-10 June - to promote the idea that GPS can identify that a nuclear test has taken place, too. That's because GPS can highlight changes in atmospheric concentration associated with nuclear events and it showed it could do so when, over two years ago, North Korea famously carried out an underground nuclear test. In a statement broadcast by North Korean media organisations, officials described how the test had been "successfully conducted... as part of measures to enhance the Republic's self-defensive nuclear deterrent in all directions". At the time, US geologists reported that they'd recorded a nuclear explosion with a strength of 4.7-magnitude, and that it had taken place approximately six miles below the earth's surface. GPS Nuclear Testing Research It's now emerged at the CTBTO meeting that data recorded by GPS facilities on that day in May 2009 highlighted a rapid shift in upper atmospheric ionospheric electron density - a hallmark of nuclear testing. "It's as if the shock wave from the underground explosion caused the earth to 'punch up' into the atmosphere", the leader of the GPS nuclear testing research, Ralph Von Frese of Ohio State University explained. Technologies such as chemical sensors already exist, with the ability to detect signs of nuclear activity having taken place. However, these chemical sensors aren't generally able to obtain air samples when the testing's been carried out deep underground, as described by another Ohio State University representative in a press release.

Space assets are crucial to counterproliferation and counterterror efforts worldwide

Pfaltzgraff 09, president Institute Foreign Policy Analysis and PhD Professor at Tufts University

[“Space and U.S. Security: A Net Assessment” January 2009, Institute for Foreign Policy Analysis, principal investigator Robert Pfaltzgraff, PhD and President of IFPA, Professor of International Security Studies at The Fletcher School of Law and Diplomacy at Tufts University http://www.ifpa.org/pdf/Space_and_U_S_Security_Net_Assessment_Final_Dec15_08.pdf] AK

Space is crucially important to efforts to counter proliferation challenges. Three key proliferation challenges were cited. The first is Iran and North Korea. If the United States and West are unsuccessful in preventing these countries from attaining a nuclear capability, significant proliferation will occur in the Middle East/Gulf, and in Northeast Asia. Egypt, Saudi Arabia, Turkey, and Iran are the potential triggers for a regional dynamic which could proliferate nuclear weapons. If any of these nations appear likely to develop and deploy nuclear weapons, they would probably all do so because none would want to be the last to acquire such a capability. In Northeast Asia, if North Korea goes nuclear, Japan may decide to develop its own nuclear weapons capability. South Korea would likely explore the nuclear option as would Taiwan. An alternative to nuclear weapons proliferation lies in updating U.S. security guarantees. Space is crucial to such an endeavor. This is an area that should be explored as we consider 21 st century security architectures. Many of those who would seek nuclear weapons have been allies or friends of the United States. Such states would want to acquire nuclear weapons if they concluded that U.S. security guarantees were no longer credible. This underscores the basic point that the nuclear proliferation cascade expected to follow a North Korean or Iranian nuclear capability includes primarily states friendly to the United States. Hence, the importance of new architectures that include security guarantees. Space-based missile defenses will be essential to such architectures. The second challenge is how to manage the expansion of nuclear energy which will be far more widely used in the decades ahead as energy demands increase, together with environmental opposition to fossil fuels. We must reduce the risk of proliferation by restrictions on nuclear fuel enrichment to prevent/curtail clandestine weaponization. We will need to factor the importance of space into our efforts to cope with verification and other challenges of separating peaceful uses of nuclear energy from efforts to acquire nuclear weapons. The third challenge is nuclear terrorism. The United States is highly dependent on space to combat terrorism, particularly for intelligence gathering, reconnaissance, and surveillance. Space allows the United States to penetrate easily across borders to fight terrorism. Space-based defenses would allow interception of attacks on critical space assets with direct ascent capabilities such as those tested by China in January or electromagnetic pulse (EMP) attacks launched perhaps by terrorists.

Impact – Missile Defense

Space satellite assets are the only way to have effective missile defense, precision strike capabilities, and prevent high levels of civilian casualties

Pfaltzgraff 09, president Institute Foreign Policy Analysis and PhD Professor at Tufts University

[“Space and U.S. Security: A Net Assessment” January 2009, Institute for Foreign Policy Analysis, principal investigator Robert Pfaltzgraff, PhD and President of IFPA, Professor of International Security Studies at The Fletcher School of Law and Diplomacy at Tufts University http://www.ifpa.org/pdf/Space_and_U_S_Security_Net_Assessment_Final_Dec15_08.pdf] AK

Currently, the United States military operates the world’s only fully functioning Global Navigation Satellite System (GNSS). Officially known as the NAVSTAR Global Positioning System, but more commonly referred to simply as GPS, this constellation of 31 satellites in semi-synchronous medium-Earth orbit, provides continuous navigation and timing information to military and civilian users worldwide. GPS satellites orbit the Earth every 12 hours while sending out continuous navigation signals. Military users are able to access an encrypted signal that provides the most accurate navigation and timing information, while slightly less accurate data are freely available to civilian users.19 GPS capabilities are essential to nearly all U.S military operations and almost every type of weapon system, including aircraft, spacecraft, vehicles, and ships. GPS-guided weaponry enables the military to conduct strikes with unprecedented precision, reducing both the number of weapons needed to attack a target and the threat to civilian populations.20 The first GPS satellite was launched in 1978, with the GPS system achieving full operational capacity in April 1995. The system has been updated with replacement satellites. New-generation GPS Block III systems are currently under development. In addition to upgrades for the civil sector, Block III is scheduled for launch in 2014. Eventually, the Air Force plans to acquire 32 Block III satellites. Early Warning and Attack Assessment. During the Cold War, as the Soviet Union built its ICBM capa​bility, the United States recognized the need to deploy a space-based early warning system that could detect missile launches. The U.S. military undertook a number of projects, beginning in 1957 with Subsystem G and MIDAS, that culminated in the launch of the Defense Support Program (DSP).21 Since their first deployment in the early 1970s, DSP satellites have provided the United States with an uninterrupted early warning capability in geostationary orbit with sensitive infrared sensors to detect heat from missile and booster plumes against the Earth’s background. Augmented by ground stations and sensors on National Reconnaissance Organization (NRO) spy satellites, DSP satellites detect strategic and tactical missile launches. DSP capabilities helped identify shorter-range offensive and surface-to-air missiles during regional conflicts such as the Gulf War in 1991. The Space-Based Infrared System (SBIRS) will provide the follow-on to DSP.22 Initially, SBIRS was to consist of two segments: SBIRS-High and SBIRS-Low (in reference to highly-elliptical orbit and low-Earth orbit, re​spectively). However, SBIRS-Low was subsequently placed under the purview of the Missile Defense Agency (MDA) and renamed the Space Tracking and Surveillance System (STSS). Thus the nomenclature for SBIRS-High reverted simply to SBIRS. As currently conceived, SBIRS will consist of at least three geosynchronous orbit (GEO) satellites and four infrared sensor payloads on highly-elliptical orbiting (HEO) satellites fielded by the NRO.23 SBIRS GEO satellites, designed to have a 12-year life, will weigh approximately 10,000 pounds at launch. In addition to secure com​munications links and anti-spoof GPS modules, GEO satellites will be equipped with infrared sensors capable of continuously monitoring a selected area while also scanning a wider geographical space.24 The first GEO satellite is currently undergoing testing for an anticipated launch in late 2009.25 The first HEO payload was placed into orbit aboard an NRO satellite in June 2007, and successfully completed testing in November of that year. In ad​dition to the continued use of DSP and SBIRS assets, the STSS will serve as an integral part of the ballistic missile defense system being deployed by the United States. This capability will allow ballistic missile defense intercep​tors to engage enemy missiles earlier in flight. Therefore, it makes possible additional intercept opportunities. Surveillance and Reconnaissance. Space-based surveillance and reconnaissance capabilities were first developed during the Cold War to provide access to areas of the Soviet Union that otherwise would have been totally inaccessible to U.S. intelligence. Although manned missions using aircraft such as the U-2 provided valuable intelligence on Soviet military forces, these missions became increasingly dangerous as Soviet air defense capabilities were upgraded. In response, the United States realized the need for advanced, space-based systems capable of identifying small objects from space.26 Unlike manned platforms, space-based assets offered the benefit of global coverage, near invulnerability, and sustained operations over a continuous period of time. Beginning with deployments in the late 1950s and early 1960s, the U.S. has pioneered increas​ingly sophisticated space-based surveillance and reconnaissance systems for over fifty years. As satellite capabilities have evolved, so too has the role of these advanced systems. In addition to monitoring foreign military forces, such satellites have played a crucial role in verifying arms control agreements. Since the Cold War, the role of satellites in verifying treaties has expanded to include supporting nuclear nonpro​liferation efforts. With the arrival of precision-guided munitions, reconnaissance satellites have become “the key to post-Cold War defense tactics that rely on highly selective targeting to destroy selected targets with minimal collateral damage.”27 Despite the shroud of secrecy, some general facts are known about the broad elements of U.S. surveillance and reconnaissance satellites. In particular, the systems function primarily in support of two types of missions: imagery intelligence (IMINT) and other, non-visual intelligence information, including signals intelligence (SIGINT), electronic signals intelligence (ELINT) and measurement and signature intelligence (MASINT). Within the realm of IMINT, two types of systems are employed: (1) those that collect images using visible and thermal (infrared) light; and (2) those that use radar to image the Earth’s surface. Regarding non-visual intelligence, numerous configurations are utilized to intercept valuable information including enemy voice communications and data transmissions. Within these broad mission areas, the U.S. currently deploys a number of advanced systems. For IMINT collection, the Keyhole series KH-12 (commonly referred to as the Improved Crystal or Advanced KH-11) is the latest and most sophisticated iteration in a series of satellites that have provided imagery for a number of years. Building on technologies contained in the KH-11 used during the 1990-91 Gulf War, the KH-12 is much heavier—weighing nearly 30,000lbs and costing in excess of $1 billion excluding launch costs. Other U.S. surveillance capabilities are summarized in Table 1. The growing number of missions assigned to space-based surveillance and reconnaissance satellites has led the United States to develop a new generation of capabilities. Dubbed BASIC for Broad Area Space-based Imagery Collector, the new system would be launched by 2011 at an estimated cost of $2-4 billion. Although the program is currently in its very early stages, development options include an entirely new photo imagery satellite or a derivative of a commercial imagery satellite, buying a commercial satellite or leasing existing commercial satellite capacity.29
Space intelligence satellites are key to missile defense systems, surveillance, and early warning systems

Pfaltzgraff 09, president Institute Foreign Policy Analysis and PhD Professor at Tufts University

[“Space and U.S. Security: A Net Assessment” January 2009, Institute for Foreign Policy Analysis, principal investigator Robert Pfaltzgraff, PhD and President of IFPA, Professor of International Security Studies at The Fletcher School of Law and Diplomacy at Tufts University http://www.ifpa.org/pdf/Space_and_U_S_Security_Net_Assessment_Final_Dec15_08.pdf] AK

In today’s security setting, the United States must deter multiple actors who may not adhere to traditional, Cold-War concepts of deterrence, underscoring the need to deploy multi-layered missile defense capabilities to maintain a robust and credible deterrent. Together with the other portions of the New Triad, missile defenses provide U.S. policy makers with an expanded set of tools and options that can be tailored to deter specific adversaries. President Bush took the necessary steps to make possible the unrestricted development, testing, and deployment of all types of missile defenses when he announced U.S. withdrawal from the ABM Treaty in 2001 . This was followed by the construction of a limited national missile defense (the Ground-based Missile Defense system) with sites in Alaska and California. Moreover, existing U.S. space assets are a vital element of our deterrence forces utilized for intelligence, early warning, surveillance/reconnaissance, command and control, navigation/precision strike, and the integration of our missile defense systems. Consequently, given their growing vulnerability to asymmetric attack, the United States must convince adversaries that we are committed to the protection of our space-based infrastructure and that offensive actions against these assets will not undermine the endurance/resiliency of our deterrent capabilities. The growing vulnerability of U.S. space assets is an issue that successive administrations increasingly confronted over the past five decades as Soviet capabilities (and now those of several additional nations/actors) to destroy/disrupt elements of our space infrastructure developed and matured and as U.S. space capabilities assumed increasing importance for U.S. military operations. This was underscored by their escalating utilization in successive operations beginning in 1991 during Desert Storm, described as the first “space war,” the Kosovo bombing campaign in 1999, and in Afghanistan and Iraq more recently.

Impact – First Response

GPS satellites are key to public safety and response to natural disasters 

Pham 11 - Ph.D. in economics from George Washington University 

(Nam D. June 2011 “The Economic Benefits of Commercial GPS Use in the U.S. and The Costs of Potential Disruption” http://www.saveourgps.org/pdf/GPS-Report-June-22-2011.pdf) 
In addition, our analysis considers the relatively small volume but high economic impact GPS user segment. We therefore underestimate benefits to noncommercial and military GPS users. For example, GPS technology provides value for community safety by improving response time and location accuracy for emergency responders and public safety officials. Indeed, response time is estimated to be improved by twenty percent with the use of GPS-enabled equipment installed in emergency response vehicles. In a recent survey, one local government estimated that a quarter of his staff would be required to spend two hours per day correcting coordinate and other location errors if GPS use is disrupted. On a larger scale, GPS technology can reduce the response time in the aftermath of natural disasters, which translates directly into saved lives. 

Impact – Disease

Satellite imaging can to a variety of things to stop infectious diseases.

Colwell et al 11

[Dr. Rita Colwell is Chairman of Canon US Life Sciences, Inc. and Distinguished University Professor both at the University of Maryland at College Park and at Johns Hopkins University Bloomberg School of Public Health Dr. Colwell has held many advisory positions in the U.S. Government, nonprofit science policy organizations, and private foundations, as well as in the international scientific research community. She is a nationally-respected scientist and educator, and has authored or co-authored 16 books and more than 700 scientific publications.  She produced the award-winning film, Invisible Seas, and has served on editorial boards of numerous scientific journals. Before going to NSF, Dr. Colwell was President of the University of Maryland Biotechnology Institute and Professor of Microbiology and Biotechnology at the University Maryland.  PEER REVIWED: Ford TE, Colwell RR, Rose JB, Morse SS, Rogers DJ, Yates TL. Using satellite images of environmental changes to predict infectious disease outbreaks. Emerg Infect Dis [serial on the Internet]. 2009 Sep [date cited]. Available from http://www.cdc.gov/EID/content/15/9/1341.html]

The scientific community has a relative consensus that epidemic and pandemic disease risks will be exacerbated by environmental changes that destabilize weather patterns, change distribution of vectors, and increase transport and transmission risk. Predictive modeling may lead to improved understanding and potentially prevent future epidemic and pandemic disease. Many respiratory infections are well known as highly climate dependent or seasonal. Although we are not yet able to predict their incidence with great precision, we may well be able to do this in the future. Meningococcal meningitis (caused by Neisseria meningitidis) in Africa is probably the best known example. In the disease-endemic so-called meningitis belt (an area running across sub-Saharan Africa from Senegal to Ethiopia), this is classically a dry season disease, which ceases with the beginning of the rainy season, likely as a result of changes in host susceptibility (19). Many other infectious diseases show strong seasonality or association with climatic conditions (20). Perhaps one of the most interesting is influenza, which is thought of as a wintertime disease in temperate climates but shows both winter and summer peaks in subtropical and tropical regions (21). Although the reasons for seasonality are often poorly understood, the close dependence of such diseases on climatic conditions suggests that these, too, are likely to be amenable to prediction by modeling and remote sensing (22). When we consider influenza, it is hard not to think about the future risks from pandemic influenza. Public health agencies in the United States and around the world are focusing on influenza preparedness, notably concerning influenza virus A subtype H5N1, which has captured attention because it causes severe disease and death in humans but as yet has demonstrated only very limited and inefficient human-to-human transmission. The severity of the disease raises images of the 1918 influenza epidemic on an unimaginably vast scale if the virus were to adapt to more efficient human-to-human transmission. Can predictive modeling using satellite or other imaging of environmental variables help in prediction of future influenza pandemics? Xiangming Xiao at the University of New Hampshire was funded in 2006 by the National Institutes for Health to lead a multidisciplinary and multi-institutional team to use remote satellite imaging to track avian flu. Xiao et al. have used satellite image–derived vegetation indices to map paddy rice agriculture in southern Asia (23). They believe that a similar approach can be used in conjunction with the more traditional approach of analyzing bird migration patterns and poultry production (24,25) to map potential hot spots of virus transmission (26). An interesting question is why did we not see disease epidemics in Indonesia, following the devastating tsunami disaster of December 2004? Could rapid public health intervention be credited with minimizing spread of disease? In the case of Aceh Province, many communities reported diarrhea as the main cause of illness (in 85% of children <5 years of age), but no increases in deaths were reported, and no outbreaks of cholera or other potentially epidemic diseases occurred (27). Given the massive scale of the disaster, was this likely? In some towns, more than two thirds of the population died at the time of impact, almost 100% of homes were destroyed, and 100% of the population lacked access to clean water and sanitation (27). To a large extent, the Australian army and other groups are to be credited with rapidly deploying environmental health teams to swiftly implement public health measures, including provision of safe drinking water, proper sanitary facilities, and mosquito control measures (28). Widespread fecal pollution of the surface waters was shown, yet the saltiness of the potable water supply after the disaster made much of the water unpalatable. Wells were vulnerable, perhaps to other etiologic agents of fecal origin including viruses and Shigellaspp., with greater probability of infection than Vibrio spp., thus leading to the widespread diarrhea. The most important lesson from the Asian tsunami is that disease epidemics can be prevented by public health intervention. Unfortunately, most flooding events, and other conditions that promote infectious disease epidemics, do not receive the same global media attention. A tsunami captures the imagination of the world in a way that weeks of rainfall in the Sudan or a rise in sea surface temperature cannot. However, if climatologic data can be used to predict future disease outbreaks, public health interventions can be mobilized in a more timely and proactive manner. A continuing concern is the conditions that result in newly emergent virulent strains of pathogens. Faruque et al. have provided molecular evidence that V. cholerae O139 strains are derived from O1 strains through genetic modification (29). In addition, Chakraborty et al. in Kolkata have seen the presence and expression of virulence genes in several environmental strains of V. cholerae cultured from surface waters (30). Recently, E. coli O157 has been isolated from the Ganges River in India for the first time (31). Indications are that it is metabolically different from E. coli O157 isolated from other parts of the world, but the conditions that have led to these differences are as yet unclear. From the above studies, risk for transmission of virulence genes is likely to be high, but studies of conditions promoting transmission and approaches to modeling resultant disease risks are in their infancy. New epidemic strains could potentially occur through mutation of existing epidemic strains or through gene transfer. Environmental stressors such as chemical contaminants are thought to accelerate both mutation rates and gene transfer (32). Thus, the degree of chemical pollution may need to be a component of disease models (in addition to other stressors). The scientific community is a long way from incorporating environment-gene interactions into predictive models and clarifying the risks posed to human society from emerging diseases. However, investigation of these parts of the pathogen's ecology should remain on the national research agenda as we move forward with developing predictive models of disease outbreaks. Current modeling of infectious diseases is by necessity retrospective. Environmental parameters measured by remote satellite imaging show the greatest promise for providing global coverage of changing environmental conditions. With current imaging technologies, we can measure sea surface temperature, sea surface height, chlorophyll A levels, and a variety of vegetation and soil indices, in addition to many other physical, biologic, and chemical parameters of the earth's surface and atmosphere. A variety of these parameters can be incorporated in complex mathematical models, together with biotic and ecologic variables of the pathogen and host life cycles, to correlate environment with outbreaks of disease (Figure 2). However, we are still far from being able to accurately predict future disease events on the basis of existing environmental conditions. Successful predictive modeling of disease and the establishment of early warning systems have reached a critical junction in development. As we improve our understanding of the biology and ecology of the pathogen, vectors, and hosts, our ability to accurately link environmental variables, particularly those related to climate change, will improve. What has become clear over the past few years is that satellite imaging can play a critical role in disease prediction and, therefore, inform our response to future outbreaks. We conclude that infectious disease events may be closely linked to environmental and global change. Satellite imaging may be critical for effective disease prediction and thus future mitigation of epidemic and pandemic diseases. We cannot stress too strongly our belief that a strong global satellite program is essential for future disease prediction.

Satellites prevent emerging infectious diseases

Harmon 9

[Katherine, News Reporter, online at Scientific American, Freelancer at writing and editing University of Missouri-Columbia, Vassar College, The Thacher School “Satellites Used to Predict Infectious Disease Outbreaks” 8/24/2009 http://www.scientificamerican.com/author.cfm?id=1822 ]

Rather than searching for weird weather or enemy missiles, some satellites are helping researchers to track—and predict—the spread of deadly diseases. With the pandemic spread of H1N1 swine fluand the continued advance of the H5N1 avian flu, scientists are anxious to better predict the spread of infectious diseases and are looking for new tools wherever they might be—even if that's hundreds of miles in the sky. "Ideally we could predict conditions that would result in some of these major outbreaks of cholera, malaria, even avian flu," says Tim Ford of the University of New England in Biddeford, Maine. Ford and a group of experts have co-authored a perspective paper (pdf), due out next month in Emerging Infectious Diseases, that proposes making use of environmental data—tracked via satellite—to predict disease outbreaks. "As climate changes, and even with many of our weather patterns, [it] directly affects the distribution of disease," Ford says. Hantavirus, the pulmonary disease spread by rodents, for example, has been linked to changes in precipitation. With more rainfall, vegetation increases, which then fuels rodent populations. And pinpointing an area as relevant conditions emerge—before an outbreak starts—buys precious time to spread public health messages. Satellite imaging can also help warn of cholera outbreaks, which are predicted to worsen with climate change. The satellites provide information about water surface temperatures, which are key to the spread of this waterborne disease. One study found that giving people simple preventative instructions, such as filtering water through a sari cloth, reduced cholera-related deaths by an estimated 50 percent in some areas. Remote data have already been used to map the avian flu in Asia. Xiangming Xiao, associate director of the University of Oklahoma's Center for Spatial Analysis in Norman, has been tracking likely outbreaks of this highly pathogenic flu by looking for key habitat and weather changes. The domestic duck—determined to be the main carrier of the disease—is a common inhabitant of Southeast Asia's rice paddies, and the movement of migratory birds—a secondary carrier—could be predicted based on temperatures. So using both land-use and temperature information from satellites, Xiao and his team could track the spread of the flu by estimating where the birds would be. If visual data from satellites is combined with information from radar and LiDAR, (light detecting and ranging, which provides laser-measured data about 3-D contours), Xiao explains, researchers can really hone prediction of some diseases down to a tree line. "You can look at… the transition of pasture grassland to forests," he says, habitats which determine the range of deer. "And this has very important implications for tick-borne diseases, like Lyme disease." Much of the satellite work, however, still relies on clear skies. And all of it has been dependent on quality information from willing providers, such as NASA and its Earth Observing System, the availability of which researchers hope will continue in the future. Even with the clearest NASA images, though, current methods are far from perfect. They employ complex models and incomplete information, risking false alarms and missed outbreaks. The satellite data are still just a portion of the equation. They allow researchers to start "standing back and looking at the picture from a distance," Ford says. He and others are heavily reliant on ground-based measurements and observations. Xiao notes that, "the in situ observations are still very, very important. So the key is to combine those together—that's a real challenge." To make the predictions as precise as possible takes understanding the ecology not just of the place being studied, but also of the disease and the human population. "You see tremendous variations in different areas," says Ford of how diseases behave, and "in some sense, [that is due to] just difference in human behavior." Judging the severity of avian flu's spread from satellite imaging, for instance, requires knowing how likely certain areas are to keep domestic chickens and ducks—a practice more common in countries that consume more poultry, Xiao explains. And getting precise poultry production statistics can be a real challenge, he notes, as record-keeping can vary greatly among countries and regions. But Ford thinks that even with these limitations, "There's no reason at all we shouldn't be able to say, 'This summer is going to be a bad hantavirus year' or 'This season will likely have a high cholera risk.'" Novel or long-dormant diseases present more challenges for remote prediction. "Whether we can predict emerging diseases is a whole other question," Ford says, especially as their vectors or risk factors might take time to assess. And some diseases that spread among people might turn out to be nearly impossible to predict using satellite and environmental data beyond what researchers already know about seasonal cycles, like that for the seasonal flu. And, the nonseasonal H1N1 flu, for example, "is probably going to be more to do with human patterns [and] rapid transport between countries" than environmental changes that can be mapped, Ford says. Predicting infectious diseases is a crucial step in curbing them, Ford notes. "With all our medical advances and our advances in sanitation…we still have not been able to grapple with diseases," he says. But he is hopeful for the future of satellite-based prediction—even as it becomes a greater necessity in a changing climate and globalized world. "There's really nowhere on the globe that a pathogen can really remain isolated," he says.

Orbiting satellites can help contain a disease outbreak

NYT 87

[4/07/87, SCIENCE WATCH; Satellites and Disease, http://www.nytimes.com/1987/04/07/science/science-watch-satellites-and-disease.html]

Orbiting satellites might seem a strange tool for predicting widespread outbreaks of a viral disease, but Federal scientists report evidence that the view from space can be valuable for just that purpose. The studies dealt with Rift Valley Fever in wild and domestic animals in Kenya. The virus, which can cause severe fever and sometimes encephalitis, can also infect humans. It is spread by the bites of Aedes mosquitoes. Widespread outbreaks among animals in regions of sub-Saharan Africa tend to follow periods when particularly heavy rainfall leaves pools of water in which mosquito eggs can grow. The scientists estimated rainfall from data on growth of vegetation provided by the National Oceanic and Atmospheric Administration's polar orbiting meteorological satellites. The research, by scientists at the United States Army Medical Research Institute of Infectious Diseases at Fort Detrick, Md., correlated satellite data on plant growth in the region with information on actual spread of the virus obtained by researchers on the ground. The satellite data proved to be a good predictor of virus spread, the research team said in a recent report in the journal Science. [image: image2.png]


 ''Satellite remote sensing technology is the newest and possibly the only method available to conduct surveillance activities over such a large and diversified area as sub-Saharan Africa,'' the report said. An important purpose of such surveillance is to allow mosquito-control programs to be brought into action most efficiently when the efforts are most needed to halt the spread of disease. The scientists predicted that a similar surveillance system would be useful for tracking other insect-borne diseases in Africa as well. 

Its been Proven

UPI 11

[Science News: “Study: Satellites can predict disease risk” http://www.upi.com/Science_News/2011/02/15/Study-Satellites-can-predict-disease-risk/UPI-97211297791134/]

Satellites can give warnings ahead of outbreaks of deadly hantavirus by recording surges in vegetation that increase mouse populations, U.S. researchers say. "It's a way to remotely track a disease without having to go out and trap animals all the time," said Denise Dearing, professor of biology at the University of Utah. "The satellite measures the greenness of the Earth, and we found that greenness predicts deer mouse population density." While the study focused on hantavirus in deer mice, its findings could help health officials fight other rodent-borne diseases such as rat-bite fever, Lyme disease, bubonic plague, Lassa fever, salmonella infection and various hemorrhagic fevers, a University of Utah release said Tuesday. The satellite method was tested on deer mice that proliferate when their food supply is abundant, "but it potentially could be applied to any animal that responds to vegetation," Dearing says. "It would have to be calibrated against each specific species of rodent and the disease, but it's really powerful when it's done." "The point of this whole exercise is to develop disease-risk maps, which would show the distribution of infected hosts -- in this case, deer mice -- overlaid with human population density," says study co-author Thomas Cova, Utah associate professor of geology.
Satellites predict and prevent infectious decisions

Kooney 7

[Michael,  Writer and Columnist for Network World, “NASA satellites to predict and prevent infectious disease outbreaks” 11/07/2007, http://www.networkworld.com/community/node/21654]

NASA and its Applied Sciences Program will be using 14 satellites to watch the Earth’s environment and help predict and prevent infectious disease outbreaks around the world. Through orbiting satellites, data is collected daily to monitor environmental changes. That informationis then passed on to agencies such as the Centers for Disease Control and Prevention and the Department of Defense who then apply the data to predict and track disease outbreaks and assist in making public health policy decisions. The use of remote sensing technology helps scientists predict the outbreak of some of the most common and deadly infectious diseases such as Ebola, West Nile virus and Rift Valley Fever. The ability of infectious diseases to thrive depends on changes in the Earth’s environment such as the climate, precipitation and vegetation of an area. The satellite project was outlined today in Philadelphia during the American Society of Tropical Medicine and Hygiene's annual meeting. NASA satellites are already charting the circumstance in which malaria can take hold. Malaria affects 300-500 million persons worldwide. The Malaria Modeling and Surveillance Project utilizing NASA satellite technology is currently in use by the Armed Forces Research Institute of Medical Sciences in Thailand and the U.S. Naval Medical Research Unit located in Indonesia. Data collected at these locations is combined and used to monitor environmental characteristics that effect malaria transmission in Southeast Asia and other tropical and subtropical regions. Malaria surveillance provides public health organizations with increased warning time to respond to outbreaks and assistance in the preparation and utilization of pesticides, which leads to a reduction in drug resistant strains of malaria and damage to the environment, NASA said. Remote sensing technology also provides information about possible plague-carriers -- such as insects or rodents -- globally and within the U.S. The Four Corners region, which includes Colorado, New Mexico, Arizona, and Utah, is a highly susceptible area for plague and Hanta virus outbreaks, and by understanding the mixture of vegetation, rainfall and slope of the area, scientists can predict the food supply of disease transmitting vectors within the region and the threat they cause to humans. Because plague is also considered a bioterrorism agent, NASA surveillance systems enable scientists to decipher if an outbreak was caused by natural circumstances or was an act of bioterrorism.
Impact – Terror 

GPS is key to prevent large scale terror attacks around the world.

Basu 10

[Nayan, Freelance Content Writer and for many electronic topics, “GPS Jammer Has Increased The Terror Risks” 12/9/10, http://scienceray.com/earth-sciences/gps-jammer-has-increased-the-terror-risks/]
We see that terror units are using this technology to block the signals of the intelligence agencies all over the world. This is tremendous threat to the society. The concept of jamming a particular signal is not new. The cell phone jamming is a popular concept in certain countries where it is used to help in creating “dead zone” temporarily around a certain zone where the entire cell phone network will be jammed and any sort of communication will be blocked. This is an instrument that has been traditionally been used bysecurity officials to disrupt, block and jam all sort of possible communication during an emergency situation. Now with time and improvement of technology there are instruments that have been invented which can go a little further like the one with GPS jammer. This is an instrument that is being used rampantly by robbers, thugs and thieves in countries like USA and UK. The wrong doers are using it as a getaway and if expert opinions are anything to go by then there are major concerns for many countries around the globe regarding the terrorist threats. The signs are really ominous. GPS jammers are used to jam or block the GPS system by transmitting low powered signal that has the capacity to produce noise and fool the GPA receiver and forces him to believe that the satellite is not available while the truth is far from it. It is a process used by robbers while they plan to rob any precious items in a house. It is also used by many people to avoid the toll taxes. Apart from all these the real threat lies in some where else and that is the threat of a possible terror attack. All terrorists can simple use thins technology to fool and of the GPS receiver into believing something else. Terror organizations can use this GPA jamming process to disrupt and distort the reception of signal on an airplane or in a military camp. This can be really ominous as it is a serious issue of national security at stake. This device pose serious threat to the society at larger as all the citizens of this world is vulnerable to a tragic terror attack. Though this instrument is illegal and hence is banned in USA it is also available in the black market and in some of the South Asian nations. You can get these gadgets online as they are readily sold there. One of the media houses in the west was successful in buying a GPS jammer against a meek price of $50 from some of the online sources. This only proves that the world we live in is really vulnerable and a sword is hanging above our head. Time has indeed come to serious ponder over the issue of the usage of GPS jammer and the ways and meads to tackle it. Now we can see that government officials from different nations in the west have taken notice and are tying to address the issue through talks to the security personnel and agencies. This is an illegal possession and is banned by many countries, though it continues to be used by many people in the South Asian countries. 
Impact – Accidents 

Satellite malfunctions are indistinguishable – a harsh space environment will trigger an accidental war
Coffelt 5 – Colonel in the US Airforce, space operator

(Christopher A., “The Best Defense: Charting the Future of US Space Strategy and Policy.” Maxwell AFB, AL: USAF Air University, June 2005. page 95 http://ctbtdebate.org/evidence/2338/)

Those that operate satellite systems and are familiar with space operations know the difficulties in determining the exact cause of many satellite malfunctions or “anomalies.” It is oftentimes difficult if not impossible to determine if satellite failures or problems are due to an everyday system anomaly, a natural event caused by the harsh space environment, the result of unintentional interference, or due to a malicious attack. If the US fields weapons that can interfere with spacecraft, failures on adversary spacecraft may be attributed as a us attack even when no such attack occurred. This would obviously heighten tensions which could escalate into larger conflict, and be quite destabilizing. Moreover, this is already beginning to occur. According to a GAO report, in 1997 “Indonesia intentionally interfered with and denied the services of a commercial satellite belonging to the south pacific island kingdom of Tonga because of a satellite orbital slot dispute.” Attribution of this attack was easy because Indonesia admitted to the attack, but is not likely to be so easy for most cases. Accurate attribution may, however, be irrelevant in future cases where country A merely perceives that a satellite failure or denial is the result of an attack by rival country B. Whether or not an attack actually occurred, the result will be the same as if it had. Increased tensions between the two countries will result, and country A is likely to act/respond, causing a counter reaction by country B and so on. In the end, there will be no proof that the failure was simply a system anomaly, an actual attack by country B, or possibly even an attack by a third party, country C, to instigate a conflict between A and B for their own purposes. Once measures are employed against these spacecraft, it also sets an international precedent for the use of such systems as an accepted, legal form of warfare. One can only expect proliferation of these systems and their use to become more common, as seen in the Indonesian case and others that have occurred since that time. Most importantly, the mere development and deployment of these systems starts the US down the slippery slope of offensive space strategy that may have serious, negative, unintended consequences that make it harder for the us to protect its own systems and access to space. 

**China ASATs

Impact – ISS 

China’s ASAT test threatens space assets including the ISS 

Kan 07 - Specialist in National Security Policy Foreign Affairs, Defense, and Trade Division 

(Shirley, 4-13-2007, “China’s Anti-Satellite Weapon Test, http://www.fas.org/sgp/crs/row/RS22652.pdf)

The critical challenge in the short term is posed by the space debris resulting from the PRC’s intentional destruction of a satellite. It was the first such destruction of a satellite since the ASAT tests conducted during the Cold War by the United States and the Soviet Union in the 1980s. Since then, neither the United States nor Russia has destroyed satellites in space, while many more civilian and military satellites have been used by countries and companies. In LEO (up to 2,000 km, or 1,242 miles altitude), reconnaissance and weather satellites, and manned space missions (including the International Space Station, Space Shuttle, and China’s manned flights) are vulnerable to the increase in space debris resulting from China’s satellite destruction. This debris cloud (estimated at 950 pieces 4 inches or bigger plus thousands of smaller pieces) threatens space assets in LEO, according to the Johnson Space Center. The Director of Space Operations at the Air Force said that his staff tracked about 14,000 particles before January 11, and that number increased to about 15,000. The Commander of the Strategic Command (STRATCOM) testified that the last U.S. kinetic ASAT test occurred in 1985 and at the lower altitude of LEO, and even so, the debris took over 20 years to come down out of space and burn up in the atmosphere. China’s test was in the upper altitude of LEO and the resulting debris is seen as a threat to space assets for more than 20 years. According to the Air Force Space Command, the space debris increased the collision risk for about 700 spacecraft.2 China has known about international concerns about space debris. Its “Space White Paper” of October 2006 stated that China has “actively participated” in the Inter-Agency Space Debris Coordination Committee, initiated a Space Debris Action Plan, and increased international exchanges on space debris research.

Impact – Heg 

China’s ASAT program is intended to counter US hegemony 

Kan 07 - Specialist in National Security Policy Foreign Affairs, Defense, and Trade Division 

(Shirley, 4-13-2007, “China’s Anti-Satellite Weapon Test, http://www.fas.org/sgp/crs/row/RS22652.pdf)

The longer-term implications concern some questions about China’s capability and intention to attack U.S. satellites. Whereas the Secretary of Defense has reported publicly to Congress since 1998 that China’s military has been developing an ASAT capability,3 some observers doubted the Pentagon’s assertions. China’s January 2007 test confirmed China’s long-suspected program to develop ASAT weapons, a program that could potentially put at risk U.S. military and intelligence satellites that are needed to provide tracking and targeting for rapid reaction or other operations. China demonstrated a limited capability to use a missile to launch a kinetic kill vehicle to destroy one of its own satellites in LEO under testing conditions that it controlled. The mobility of this ASAT weapon under development also could present challenges for U.S. tracking and warning time. Aside from developing and testing this ASAT capability, China does not have enough satellite interceptors, although it can produce enough of them by 2010 to destroy most U.S. satellites in LEO with little warning, estimates the Defense Department. Also, the ASAT test did not threaten the U.S. missile defense system. The Director of the Defense Intelligence Agency testified to Congress that the test demonstrated China’s capability “to eventually deploy an ASAT system that could threaten U.S. satellites.”4 Threat consists of capabilities and intentions, stressed the Chairman of the Joint Chiefs of Staff, General Peter Pace, at a news conference on March 7, 2007. He visited China on March 22-26, and reported that the intention of the ASAT test remained unclear. China has not explained how it intends to use this ASAT weapon that has been tested. Various comments by PLA officers and PRC civilian analysts have justified the ASAT test as needed to counter perceived U.S. “hegemony” in space and target the vulnerability of U.S. dependence on satellites. A PLA Air Force colonel wrote in late 2006 that U.S. military power, including long-range strikes, have relied on superiority in space and that leveraging space technology can allow a rising power to close the gap with advanced countries more rapidly than trying to catch up.5 A PRC specialist at Fudan University indicated that China’s ASAT program is developed partly to maintain China’s nuclear deterrence, perceived as undermined by U.S. space assets.6 An analyst at the PLA’s Academy of Military Science argued that China does not have a clear space deterrence theory and that China likely seeks a limited capability to counter U.S. dominance

Impact – Space Weaponization 

China’s capabilities will lead to the weaponization of space 

Kan 07 - Specialist in National Security Policy Foreign Affairs, Defense, and Trade Division 

(Shirley, 4-13-2007, “China’s Anti-Satellite Weapon Test, http://www.fas.org/sgp/crs/row/RS22652.pdf)

Some in China argued that the new U.S. National Space Policy prompted China’s test, while U.S. officials have contended that, regardless, China has developed a range of counter-space weapons to challenge U.S. space dominance. News reports stressed a hardline tone of the policy (signed by President Bush in August 2006, with a public version issued in October 2006), which stated opposition to new space arms control and denial of the use of space to adversaries “hostile” to U.S. interests. Under Secretary of State for Arms Control and International Security Robert Joseph contended that the United States does not monopolize space or deny access to space for peaceful purposes. He characterized the space policy as responding to “growing threats” from a number of countries that “are exploring and acquiring capabilities to counter, attack, and defeat U.S. space systems,” when the United States is more dependent on space than other nations.13 Even before issuance of the U.S. space policy, China conducted three previous tests of this direct-ascent ASAT weapon and, by September 2006, China had used a ground-based laser to illuminate a U.S. satellite in several tests of a system to “blind” satellites.14 Before and after this latest ASAT test, PRC military and civilian analysts have voiced concerns about China’s perceived vulnerability against U.S. dominance in military and space power. After the test, a Senior Colonel of the PLA’s Academy of Military Sciences said that “outer space is going to be weaponized in our lifetime” and that “if there is a space superpower, it’s not going to be alone, and China is not going to be the only one.”15

AT: Risk Exaggerated 

China in space is scary

The Heritage Foundation 8 

[“War in Space?” The Heritage Foundation 33 Minutes Report. June 2008. http://www.33-minutes.com/33-minutes/war-in-space.htm] AK
With China's destruction of one of its own aging low-Earth-orbit (LEO) satellites in recent months, they have sent a clear message to the world that they are capable of eliminating any low-Earth-orbit satellite from any country. What is surprising about China's satellite shootdown is that they had promised to use space for peaceful purposes. Their launch took place without any prior notification to any other space-enabled countries, who have around 3,000 scientific, commercial, and military satellites. China apparently hoped to keep the test a secret, but it is believed that the U.S. intelligence had prior knowledge of the test. Even after the satellite shootdown, Beijing claimed it was a peaceful scientific experiment. The Chinese satellite's destruction added somewhere in the neighborhood of 100,000 pieces of debris to the existing debris field in space. This one Chinese ASAT test polluted space with approximately 40 percent of the total amount of junk in space. Of all the debris in space, nearly 2,600 pieces are trackable from Earth. The larger pieces could damage space vehicles in their paths. The U.S. has already averted many of its spacecraft from Chinese space debris. The war in space is heating up since China has clearly shown it can not only track, but also destroy LEO satellites. This would include weather, communications, surveillance and global-positioning birds. Chinese military actions emphasize the need to for the ability to counter any foe's military satellites during initial phases of a campaign to blind and cripple the enemy. Adding to the tension after the launch, China was initially silent, then denied the incident for two weeks. China's abilities and intentions are clear to the U.S. They have clearly indicated that they will seek to eliminate any U.S. satellites if a war in space does ever take place. This will be one of China's first objectives. Now that they have tested their ASAT weapons, they know they have the ability to proceed in the future. China's efforts don't stop with their satellite shootdown capabilities. They have also been developing non-kinetic means of attacking satellites. These methods include blinding or jamming satellites with the use of lasers, microwave, particle beam and electromagnetic pulse weapons. 

**Russia 

Russia Uniqueness

Russia’s warning system is inoperative increasing Western concern

Jamestown 99 - Foundation to inform and educate policy makers and the broader policy community about events and trends in those societies which are strategically or tactically important to the United States 

(Jamestown Foundation, “West Worried About Gaps in Russian Missile Warning System,” 2-12-99, http://www.jamestown.org/single/?no_cache=1&tx_ttnews[tt_news]=15423&tx_ttnews[backPid]=213)

A recent article in the Western press has refocused public attention on an old problem: the steady deterioration of Russia's nuclear command and control infrastructure. The article reported significant gaps in the satellite portion of the Russian Missile Attack Warning System (MAWS), to the extent that U.S. missile fields were out of the satellites' view for as many as seven hours each day (Washington Post, February 10). Yuri Koptev, director of the Russian Space Agency, revealed yesterday that the early warning satellites are not the only ones in trouble. Three-quarters of all satellites in orbit, he said, both civilian and military, are either nearing or at the end of their service lives (Russian agencies, February 11). Russian satellite sensor technology has lagged behind that of the U.S. by some twenty years. Initially Russia had hoped to establish a network of geostationary satellites to monitor potential U.S. missile launch sites around the clock, but has never been able to get the necessary five working satellites in orbit at the same time. The last such satellite placed into orbit--in April 1998--failed soon after launch. Three older geostationary satellites are in orbit, but it is possible that none of them are working properly. To augment them, the Russians have fallen back on the older "Oko" system. Oko satellites have a highly elliptical orbit, vacillating between 500 and 40,000 kilometers from the earth. Because their primitive sensors cannot pick out a missile launch plume from overhead, they are positioned to take a side view of the missile fields and thus detect hot missile gases against the cold background of space. The last Oko satellite was launched in May 1998. Of the nine satellites planned for this network only five are in orbit. Western analysts suspect that some of these may also be inoperative.
Russia’s backup radar system are also inadequate 

Jamestown 99 - Foundation to inform and educate policy makers and the broader policy community about events and trends in those societies which are strategically or tactically important to the United States 

(Jamestown Foundation, “West Worried About Gaps in Russian Missile Warning System,” 2-12-99, http://www.jamestown.org/single/?no_cache=1&tx_ttnews[tt_news]=15423&tx_ttnews[backPid]=213)

Like the United States, Russia backs up its early warning satellites with a ground-based radar system. Here, too, there are significant gaps. Last year Latvia insisted that Russia dismantle an older Soviet MAWS radar on its territory. One of the more modern phased-array warning radars is located in Azerbaijan. Azeri leaders--annoyed at the Russians for providing weapons to Armenia--have threatened to close it down (Russian media, February 5). Ground-based radars alone cannot provide adequate warning. In January 1995, a long-range phased-array warning radar at Olenegorsk on the northern Kola Peninsula mistook the launch of a Norwegian research rocket for an American Trident submarine-launched nuclear missile (see the Monitor, January 22). Had the satellite portion of the MAWS been at full strength it is far less likely that this potentially disastrous mistake would have been made.

Russia Early Warning=Dangerous

Russia’s early warning system raises questions of catastrophic accidents 

Podvig 04 - an affiliate and former research associate at the Center for International Security and Cooperation at Stanford University, worked at the Center for Arms Control Studies at the Moscow Institute of Physics and Technology (MIPT) worked with the Program on Science and Global Security at Princeton University, and earlier with the Security Studies Program at MIT, received his degree in physics from MIPT and his PhD in political science from the Moscow Institute of World Economy and International Relations 

(Pavel, “Reducing the Risk of Accidental Launch,” November 2004, http://www.gwu.edu/~ieresgwu/assets/docs/ponars/pm_0328.pdf)

The Soviet Union and the United States were the only nuclear states that created the infrastructure required to implement launch-on-warning, early warning systems to detect a missile attack and command and control systems to ensure that the decision to launch a retaliatory attack is made in time. The United States and Russia have preserved the technical capability to launch-on-warning and seem to rely on this option for operations of their strategic forces. Moreover, Russia is widely believed to have been increasing its reliance on launch-on-warning in an attempt to compensate for the decline in its strategic forces and for deployment of the U.S. missile defense system. Concerns about the possibility of a catastrophic accident are exacerbated by the decline of the Russian earlywarning system and the reports about problems questioning the ability of the command and control system to prevent an accidental launch of strategic missiles. Despite an almost universal recognition of the dangers associated with keeping strategic forces in a high degree of readiness, the issue of reducing the level of readiness, known as de-alerting, has never come to the forefront of the U.S.-Russian arms control and disarmament agenda. In large part, this is a result of the changed nature of the U.S.Russian relationship, which effectively removed incentives to enter into any bilateral arms control agreements. In general, this change should be considered positive, for it indicates that Russia and the United States no longer consider each other adversaries of the Cold War days. The problem is, however, that it now prevents our countries from eliminating the relics of the past adversarial relationship. The launch-on-warning posture is admittedly one of the most dangerous of these. This memo examines the practical problems of de-alerting and suggests that the current approach to the problem should be reconsidered. First, the U.S. launch-onwarning posture may represent a bigger problem than that of Russia. Second, the efforts to repair or augment the Russian early-warning system should not be pursued as part of the de-alerting agenda, since they probably increase risk of an accidental launch. Finally, the notion of transparency in de-alerting should be reconsidered, for verification prevents de-alerting from being effective.

Russia’s early warning system pose significant dangers 

Podvig 04 - an affiliate and former research associate at the Center for International Security and Cooperation at Stanford University, worked at the Center for Arms Control Studies at the Moscow Institute of Physics and Technology (MIPT) worked with the Program on Science and Global Security at Princeton University, and earlier with the Security Studies Program at MIT, received his degree in physics from MIPT and his PhD in political science from the Moscow Institute of World Economy and International Relations

(Pavel, “Reducing the Risk of Accidental Launch,” November 2004, http://www.gwu.edu/~ieresgwu/assets/docs/ponars/pm_0328.pdf)

The discussion of dangers associated with the launch-on-warning posture usually concentrates on the decline of the Russian early-warning and command and control systems. As a result, the efforts to reduce these dangers tend to center on finding ways to convince Russia to reduce the level of readiness of its nuclear forces. Any specific dealerting measures that are proposed on the U.S. side are seen primarily as a way to create incentives for Russia to reciprocate. This line of argument, however, seems to overestimate the degree to which the Russian strategic forces rely on launch-on-warning as the primary response to a possible attack in their day-to-day operations. The history of the Russian early-warning system shows that although the Soviet military strived to achieve the capability to launch a retaliatory strike on warning, this goal has never been reached. The space-based early warning system built by the Soviet Union was not designed to detect launches of seabased missiles and the Soviet radar network had serious gaps in coverage. As a result, the Soviet strategic forces could never rely on its early-warning system to provide a complete and accurate assessment of an incoming attack, so their response procedures favored measures that would ensure survivability of the command and control structure over those that would launch missiles immediately in response to the attack. The Soviet military never seemed to have high enough confidence in its early warning system to allow launch-on-warning based solely on the information provided by its satellites and radars. Launch-on-warning would become the primary response option only when additional information was available, as would be the case in a serious crisis when the probability of an attack was considered to be higher than in peacetime.

Failure of Russian space based early warning systems will trigger to an accidental nuclear war

Graham 5 - a former special representative of the president for arms control, nonproliferation, and disarmament.

(Thomas, Jr. “Space Weapons and the Risk of Accidental Nuclear War” Arms Control Association, December, http://www.armscontrol.org/print/1953)

The United States and Russia maintain thousands of nuclear warheads on long-range ballistic missiles on 15-minute alert. Once launched, they cannot be recalled, and they will strike their targets in roughly 30 minutes. Fifteen years after the end of the Cold War, the chance of an accidental nuclear exchange has far from decreased. Yet, the United States may be contemplating further exacerbating this threat by deploying missile interceptors in space. Both the United States and Russia rely on space-based systems to provide early warning of a nuclear attack. If deployed, however, U.S. space-based missile defense interceptors could eliminate the Russian early warning satellites quickly and without warning. So, just the existence of U.S. space weapons could make Russia’s strategic trigger fingers itchy. The potential protection space-based defenses might offer the United States is swamped therefore by their potential cost: a failure of or false signal from a component of the Russian early warning system could lead to a disastrous reaction and accidental nuclear war. There is no conceivable missile defense, space-based or not, that would offer protection in the event that the Russian nuclear arsenal was launched at the United States.

Accidents Impact

Nuclear tensions between US and Russia is high and space debris striking a Russian early warning satellite would trigger an accidental nuclear war

Lewis 4 -  a postdoctoral fellow in the Advanced Methods of Cooperative Security Program

(Jeffrey, “What if Space Were Weaponized? Possible Consequences for Crisis Scenarios, Center for Defense Information Washington, D.C. July 2004 http://www.cdi.org/PDFs/scenarios.pdf) 

This is the second of two scenarios that consider how U.S. space weapons might create incentives for America’s opponents to behave in dangerous ways. The previous scenario looked at the systemic risk of accidents that could arise from keeping nuclear weapons on high alert to guard against a space weapons attack. This section focuses on the risk that a single accident in space, such as a piece of space debris striking a Russian early-warning satellite, might be the catalyst for an accidental nuclear war. As we have noted in an earlier section, the United States canceled its own ASAT program in the 1980s over concerns that the deployment of these weapons might be deeply destabilizing. For all the talk about a “new relationship” between the United States and Russia, both sides retain thousands of nuclear forces on alert and configured to fight a nuclear war. When briefed about the size and status of U.S. nuclear forces, President George W. Bush reportedly asked “What do we need all these weapons for?”43 The answer, as it was during the Cold War, is that the forces remain on alert to conduct a number of possible contingencies, including a nuclear strike against Russia. This fact, of course, is not lost on the Russian leadership, which has been increasing its reliance on nuclear weapons to compensate for the country’s declining military might. In the mid-1990s, Russia dropped its pledge to refrain from the “first use” of nuclear weapons and conducted a series of exercises in which Russian nuclear forces prepared to use nuclear weapons to repel a NATO invasion. In October 2003, Russian Defense Minister Sergei Ivanov reiterated that Moscow might use nuclear weapons “preemptively” in any number of contingencies, including a NATO attack.44 So, it remains business as usual with U.S. and Russian nuclear forces. And business as usual includes the occasional false alarm of a nuclear attack. There have been several of these incidents over the years. In September 1983, as a relatively new Soviet early-warning satellite moved into position to monitor U.S. missile fields in North Dakota, the sun lined up in just such a way as to fool the Russian satellite into reporting that half a dozen U.S. missiles had been launched at the Soviet Union. Perhaps mindful that a brand new satellite might malfunction, the officer in charge of the command center that monitored data from the early-warning satellites refused to pass the alert to his superiors. He reportedly explained his caution by saying: “When people start a war, they don’t start it with only five missiles. You can do little damage with just five missiles.”45 In January 1995, Norwegian scientists launched a sounding rocket on a trajectory similar to one that a U.S. Trident missile might take if it were launched to blind Russian radars with a high altitude nuclear detonation. The incident was apparently serious enough that, the next day, Russian President Boris Yeltsin stated that he had activated his “nuclear football” – a device that allows the Russian president to communicate with his military advisors and review his options for launching his arsenal. In this case, the Russian early-warning satellites could clearly see that no attack was under way and the crisis passed without incident.46 In both cases, Russian observers were confident that what appeared to be a “small” attack was not a fragmentary picture of a much larger one. In the case of the Norwegian sounding rocket, space-based sensors played a crucial role in assuring the Russian leadership that it was not under attack. The Russian command system, however, is no longer able to provide such reliable, early warning. The dissolution of the Soviet Union cost Moscow several radar stations in newly independent states, creating “attack corridors” through which Moscow could not see an attack launched by U.S. nuclear submarines.47 Further, Russia’s constellation of early-warning satellites has been allowed to decline – only one or two of the six satellites remain operational, leaving Russia with early warning for only six hours a day. Russia is attempting to reconstitute its constellation of early-warning satellites, with several launches planned in the next few years. But Russia will still have limited warning and will depend heavily on its space-based systems to provide warning of an American attack.48 As the previous section explained, the Pentagon is contemplating military missions in space that will improve U.S. ability to cripple Russian nuclear forces in a crisis before they can execute an attack on the United States. Anti-satellite weapons, in this scenario, would blind Russian reconnaissance and warning satellites and knock out communications satellites. Such strikes might be the prelude to a full-scale attack, or a limited effort, as attempted in a war game at Schriever Air Force Base, to conduct “early deterrence strikes” to signal U.S. resolve and control escalation.49 By 2010, the United States may, in fact, have an arsenal of ASATs (perhaps even on orbit 24/7) ready to conduct these kinds of missions – to coerce opponents and, if necessary, support preemptive attacks. Moscow would certainly have to worry that these ASATs could be used in conjunction with other space-enabled systems – for example, long-range strike systems that could attack targets in less than 90 minutes – to disable Russia’s nuclear deterrent before the Russian leadership understood what was going on. 

The failure of a Russian early-warning satellite from space debris would force both Russia and the US to assume the worse, triggering an accidental nuclear war

Lewis 4 -  a postdoctoral fellow in the Advanced Methods of Cooperative Security Program

(Jeffrey, “What if Space Were Weaponized? Possible Consequences for Crisis Scenarios, Center for Defense Information Washington, D.C. July 2004 http://www.cdi.org/PDFs/scenarios.pdf) 

What would happen if a piece of space debris were to disable a Russian early-warning satellite under these conditions? Could the Russian military distinguish between an accident in space and the first phase of a U.S. attack? Most Russian early-warning satellites are in elliptical Molniya orbits (a few are in GEO) and thus difficult to attack from the ground or air. At a minimum, Moscow would probably have some tactical warning of such a suspicious launch, but given the sorry state of Russia’s warning, optical imaging and signals intelligence satellites there is reason to ask the question. Further, the advent of U.S. on-orbit ASATs, as now envisioned50 could make both the more difficult orbital plane and any warning systems moot. The unpleasant truth is that the Russians likely would have to make a judgment call. No state has the ability to definitively determine the cause of the satellite’s failure. Even the  United States does not maintain (nor is it likely to have in place by 2010) a sophisticated space surveillance system that would allow it to distinguish between a satellite malfunction, a debris strike or a deliberate attack – and Russian space surveillance capabilities are much more limited by comparison. Even the risk assessments for collision with debris are speculative, particularly for the unique orbits in which Russian early-warning satellites operate. During peacetime, it is easy to imagine that the Russians would conclude that the loss of a satellite was either a malfunction or a debris strike. But how confident could U.S. planners be that the Russians would be so calm if the accident in space occurred in tandem with a second false alarm, or occurred during the middle of a crisis? What might happen if the debris strike occurred shortly after a false alarm showing a missile launch? False alarms are appallingly common – according to information obtained under the Freedom of Information Act, the U.S.-Canadian North American Aerospace Defense Command (NORAD) experienced 1,172 “moderately serious” false alarms between 1977 and 1983 – an average of almost three false alarms per week. Comparable information is not available about the Russian system, but there is no reason to believe that it is any more reliable.51 Assessing the likelihood of these sorts of coincidences is difficult because Russia has never provided data about the frequency or duration of false alarms; nor indicated how seriously earlywarning data is taken by Russian leaders. Moreover, there is no reliable estimate of the debris risk for Russian satellites in highly elliptical orbits.52 The important point, however, is that such a coincidence would only appear suspicious if the  United States were in the business of disabling satellites – in other words, there is much less risk if Washington does not develop ASATs. The loss of an early-warning satellite could look rather ominous if it occurred during a period of major tension in the relationship. While NATO no longer sees Russia as much of a threat, the same cannot be said of the converse. Despite the warm talk, Russian leaders remain wary of NATO expansion, particularly the effect expansion may have on the Baltic port of Kaliningrad. Although part of Russia, Kaliningrad is separated from the rest of Russia by Lithuania and Poland. Russia has already complained about its decreasing lack of access to the port, particularly the uncooperative attitude of the Lithuanian government. 53 News reports suggest that an edgy Russia may have moved tactical nuclear weapons into the enclave.54 If the Lithuanian government were to close access to Kaliningrad in a fit of pique, this would trigger a major crisis between NATO and Russia. Under these circumstances, the loss of an early-warning satellite would be extremely suspicious. It is any military’s nature during a crisis to interpret events in their worst-case light. For example, consider the coincidences that occurred in early September 1956, during the extraordinarily tense period in international relations marked by the Suez Crisis and Hungarian uprising.55 On one evening the White House received messages indicating: 1. the Turkish Air Force had gone on alert in response to unidentified aircraft penetrating its airspace; 2. one hundred Soviet MiG-15s were flying over Syria; 3. a British Canberra bomber had been shot down over Syria, most likely by a MiG; and 4. The Russian fleet was moving through the Dardanelles. Gen. Andrew  Goodpaster was reported to have worried that the confluence of events “might trigger off … the NATO operations plan” that called for a nuclear strike on the Soviet Union. Yet, all of these reports were false. The “jets” over Turkey were a flock of swans; the Soviet MiGs over Syria were a smaller, routine escort returning the president from a state visit to Moscow; the bomber crashed due to mechanical difficulties; and the Soviet fleet was beginning long-scheduled exercises. In an important sense, these were not “coincidences” but rather different manifestations of a common failure – human error resulting from extreme tension of an international crisis. As one author noted, “The detection and misinterpretation of these events, against the context of world tensions from Hungary and Suez, was the first major example of how the size and complexity of worldwide electronic warning systems could, at certain critical times, create momentum of its own.” Perhaps most worrisome, the United States might be blithely unaware of the degree to which the Russians were concerned about its actions and inadvertently escalate a crisis. During the early 1980s, the Soviet Union suffered a major “war scare” during which time its leadership concluded that bilateral relations were rapidly declining. This war scare was driven in part by the rhetoric of the Reagan administration, fortified by the selective reading of intelligence. During this period, NATO conducted a major command post exercise, Able Archer, that caused some elements of the Soviet military to raise their alert status. American officials were stunned to learn, after the fact, that the Kremlin had been acutely nervous about an American first strike during this period.56  All of these incidents have a common theme – that confidence is often the difference between war and peace. In times of crisis, false alarms can have a momentum of their own. As in the second scenario in this monograph, the lesson is that commanders rely on the steady flow of reliable information. When that information flow is disrupted – whether by a deliberate attack or an accident – confidence collapses and the result is panic and escalation. Introducing ASAT weapons into this mix is all the more dangerous, because such weapons target the elements of the command system that keep leaders aware, informed and in control. As a result, the mere presence of such weapons is corrosive to the confidence that allows national nuclear forces to operate safely. 

***ISS ADV***

ISS Internal Links

Recent events prove there’s a high risk of debris collision with the ISS 

Kaplan, ’10 – Dr. Marshall H, Ph.D., has over 35 years of academic and industrial experience. In addition to publishing some 100 papers, reports, and articles on aerospace technologies, he is a member of the AIAA Technical Committee on Space Transportation and holds advanced degrees from MIT and Stanford University. “Space Debris Realities and Removal,” John Hopkins APL (Advanced Physics Lab), https://info.aiaa.org/tac/SMG/SOSTC/Workshop%20Documents/2010/Space%20Debris%20Removal%20-%20Kaplan.pdf. 

Space.com reported NASA was tracking a piece of metal from an Ariane 5 rocket body* that passed by the ISS on September 4th. This piece of Closing speed > 17,000 MPH 4 . space junk could have collided with the docked ISS/Discovery. 􀂾Fortunately, NASA decided an avoidance maneuver was not necessary. 􀂾This was not the first time and it will not be the last time. *NASA officials were unsure of the exact dimensions of the debris, but knew it is part of an Ariane launched in August 2006 that sent two communications satellites into GTO. It is relatively massive with about 204 square feet in area, flying in an extremely elliptical orbit with apogee of nearly 20,000 miles, making it hard to track. 
Even if there isn’t a collision, space debris will soon reach a crescendo – it’ll render the ISS inoperable 

Johnson & Hudson, ‘8 – Lt Kevin Johnson and John G Hudson, Ph. D. **NOTE – Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination.

According to forecasts published by the BBC, space industry profits will exceed $250 billion by the year 2010.46 Technologies such as telecommunications, global positioning systems, broadband, and remote sensing are being further developed for use in space. Of utmost priority, however, is the need for heightened space situational awareness and space debris elimination measures. Without space debris elimination measures, the possibility of a crescendo, known as the “Kessler Effect,” occurring at current debris levels remains high. In this scenario, large and small debris continually collide and fragment until the atmosphere at LEO becomes unusable. Space-faring nations would lose the ability for space exploration and technology such as the International Space Station (ISS) and Hubble Space Telescope might be compromised. In fact, the NASA space shuttle could also be rendered inoperable. 
Space Debris Threatens ISS

Malik, 9 -* Senior editor of Space.com (3/12/09, Tariq Malik, Space.com, Station Astronauts Take Shelter from Space Debris,” http://www.space.com/6410-station-astronauts-shelter-space-debris.html CS)
Astronauts aboard the International Space Station took refuge inside their Russian-built Soyuz lifeboat Thursday when a potentially life-threatening piece of space debris zipped too close to their orbiting laboratory. The three astronauts, two Americans and one Russian, moved into the station?s attached Soyuz TMA-13 spacecraft at 12:35 p.m. EDT (1635 GMT) as a safety precaution in case the debris - a small piece of a spent satellite motor - slammed into the orbiting lab and ripped a hole in its outer hull. The astronauts were ready to evacuate the space station if the debris hit the station and depressurized its living space. Notice of the incoming debris came overnight, too late for flight controllers to plan a maneuver to fire the station?s thrusters and put more space between it and the space trash, NASA officials said. But the debris apparently did not impact the $100 billion orbiting lab as it flew 220 miles (354 km) above Earth. ?We?re all happy the [debris] passed with no impact,? NASA?s Mission Control radioed up to the crew from the Johnson Space Center (JSC) in Houston. ?That?s great news.? NASA spokesperson Brandi Dean at JSC told SPACE.com that the astronauts did not fully close the hatches between the Soyuz and the rest of the space station during the precaution, but they were prepared to do so if required. The satellite motor remnant was expected to zoom past the station at a distance of about 2.4 miles (4 km), Dean said. ?The closure of the hatches ensures the safety of the crew and the ability to quickly depart the station in the unlikely event the debris collided with the station causing a depressurization,? NASA officials said. ?Moving the crew into the Soyuz is a precaution, as the probability of impact is low.? Space station commander Michael Fincke and flight engineer Sandra Magnus, both of NASA, and Russian cosmonaut Yury Lonchakov told Mission Control that they could not see the space debris, but were glad it missed the space station. ?Sandy kept her eyes out the Soyuz windows and we didn?t see anything, of course,? Fincke radioed down to Mission Control. ?But we were wondering how close things were. We?d be interested in that.? Dean said NASA flight controllers are refining their estimates to how close the debris came to the space station. The wayward satellite motor part came from an outdated PAM-D rocket engine that was once used to boost a satellite from low-Earth orbit a few hundred miles above Earth out to a geosynchronous position about 22,300 miles (36,000 km) above the planet. The debris was small, just 1/3 of an inch long, and was flying at about 19,800 mph, NASA officials said. The space station orbits the Earth at about 17,500 mph. The space station has fired its Russian rocket engines to avoid space junk before, and astronauts have sought shelter in their attached Soyuz spacecraft - which doubles as a lifeboat in emergencies - at least once before, she added. ?It has happened before,? Dean said. The last time astronauts sought refuge from space debris in their Soyuz spacecraft was on Nov. 17, 2008, when the remains of an old SL-12 rocket flew within 12 miles (19 km) of the space station, according to the European Space Agency. That debris event also did not impact the space station. The satellite motor made its closest pass by the space station at 12:39 p.m. EDT (1639 GMT). By 12:46 p.m. EDT (1646 GMT), Fincke and his fellow crewmates were given the all clear to reenter the space station. Space debris has been a growing threat for spacecraft in low-Earth orbit. NASA officials said the recent Feb. 10 collision between a Russian military satellite and a U.S. communications satellite has increased the risk of debris impacts during a space shuttle mission by about 6 percent. The unprecedented Feb. 10 collision occurred 490 miles (790 km) above Siberia and created two large clouds of debris in Earth orbit. Some of the debris particles are expected to start re-entering the Earth?s atmosphere this week.

Space debris threatens the ISS

Digital Journal 2010 (“Group warns UN space debris could make the use of space difficult” 7/14 LexisNexis)

Jul. 14, 2010 (Digital Journal delivered by Newstex) -- An international group has briefly warned the United Nations that orbital space debris could make space missions and the general use of space quite difficult in the future and the geopolitical situation could make the solution even In April 2005, the NASA Orbital Debris Program Office warned of the growing problem of space debris and stated that chance of collisions with debris would increase substantially if the issue is not resolved. It is estimated that there are trillions of debris pieces smaller than 1 centimeter in diameter and about 4 million pounds of space junk. However, the United States Air Force is only tracking 13,400 objects in space. œAs the number of objects in Earth orbit increases, the likelihood of accidental collisions will also increase. Currently, hundreds of close approaches (i.e., passes within less than 1 kilometer) between cataloged objects occur on a daily basis. If future spacecraft and rocket bodies are not removed from LEO within a moderate amount of time after the end of a mission, e.g., within 25 years, the rate of accidental collisions will increase markedly later in his century. On Tuesday, the Secure World Foundation, a non-profit organization which works in the field of astronomy and space sustainability, addressed the UNs Committee on the Peaceful Uses of Outer Space and warned them of the dangerous hazard of orbital debris and stressed global co-operation to address this issue, according to United Press International. NASA The International Space Station is a sitting duck for space junk. image:33576:0::0 However, experts believe the solutions would be difficult to come up with because of the tensions, animosity and relations between many nations, reports Space. œIn order to keep the ability to work in space, we need to reduce as much as possible the amount of debris that we put in orbit, said Executive Director of the group, Ray Williamson. œThe reason for that is that as we go to much higher-than-Earth altitudes, the debris tends to stay in space for many years. And if you go to 1,000 km [600 miles], when you get to those altitudes, debris in space stays for centuries. On Wednesday, Australian universities and the federal government increased funding for a space debris tracking project, according to ABC Online. The project is estimated to cost $14 million and the scientists are hoping to be working with the U.S. and Europe. œWhat we want to do is to make sure that we have a better handle on earth observation, on satellite communication and position navigation and also timing, said Innovation Minister Kim Carr.
Debris impact leads to depressurization and uncontrolled thrust in ISS

Williamsen et. Al, 96 -*Dr. Joel Williamsen on staff at the Structural Development Branch at the NASA-Marshall Flight Center (1996, Dr. Joel E. Williamsen, Donald J. Grosch and William P. Schonberg, "Empirical prediction models for hole and crack size in space station shielding from 6 to 12 km/sec" Proc. SPIE 2813, 169 (1996); doi:10.1117/12.256060 CS)
Long duration spacecraft in low earth orbit, such as the International Space Station Alpha(ISA), are highly susceptible to hypervelocity impacts by pieces of debris from past earth-orbiting missions. With this increased likelihood of debris impact overtime comes a responsibility on the part of a spacecraft design engineer to quantify, and subsequently reduce, the hazardous effects on the spacecraft and its crew should a penetration occur. Among the various hazards that acompany the penetration of a pressurized manned spacecraft module are critical crack propagation in the module wall(i.e. the so-called 'unzipping' of the module) and depressurization-related phenomena, such as crew hypoxia and uncontrolled thrust due to air rushing out of the module wall hole. These phenomena are directly related to the hole size and crack lengths that result in a spacecraft wall following a penetration. As a result, accurate models for hole size and crack size resulting in thin-walled spacecraft structures following hypervelocity impact penetration are required for accurate spacecraft quantitative risk assessments.

Space Debris is extremely powerful

Wright, 07 – David Wright; codirector and senior scientist with the global security program of the Union of Concerned Scientists in Cambridge, Massachusetts. (October 2007, David Wright, Physics Today “Space Debris” www.ucsusa.org/assets/.../wright-space-debris-physics-today.pdf CS)

Debris is not uniformly distributed in space but is con- centrated in those regions that are heavily used by satellites. Figure 2 shows the distribution of LEO debris as a function of altitude before and after China’s January test. More than 3000 of the 12 000 objects in the US catalog lie in the altitude band from 800 to 1000 km.2 The bulk of the debris at higher al- titudes is concentrated in the geosynchronous band (figure 3). Orbital speeds in LEO are greater than 7 km/s, and the relative speed of a piece of debris approaching a satellite in an intersecting orbit may be 10 km/s or higher. To give a sense of the potential destructiveness of debris at those speeds, note that a 1-g mass traveling at 10 km/s has the same kinetic en- ergy as a 100-kg mass traveling in excess of 100 km/hr. Al- ternately, at 10 km/s, the kinetic energy of a mass m is roughly equal to the energy released in an explosion of a mass 10m of high explosive. Debris between 1 mm and 1 cm in size can damage a satellite if it hits a vulnerable area. Shielding can protect against objects of that size, but adding shielding increases the cost both of building satellites and of launching them, and many satellites have minimal shielding. Debris larger than about 1 cm can seriously damage or destroy a satellite in a collision, and there is no effective shielding against such particles. Debris particles larger than 1 cm but too small to be tracked are especially dangerous be- cause satellites are unlikely to have warning to allow them to avoid colliding with such objects. Debris larger than 10 cm may be massive enough to cre- ate large amounts of additional debris in a collision with a satellite or another large piece of debris.

Debris Continues to Threaten Space Station

Sutherland, 11 – Correspondent at The Sun and at the Christian Science Monitor (4/2/11, Paul Sutherland, THE SUN, “Junk risk to space station 3”, http://www.lexisnexis.com.proxy.lib.umich.edu/hottopics/lnacademic/? CS) 
NASA was planning an emergency manoeuvre last night to move the International Space Station out of the path of dangerous cosmic debris. Fragments from the collision of two satellites two years ago threaten to pass within six miles of the orbiting outpost, home to three astronauts. Travelling at several times the speed of a bullet, the space junk could rip a hole in the ISS's walls as it orbits 220 miles above the Earth at a speed of 17,500mph. The debris was scattered when a defunct Russian satellite hit an Iridium communications satellite in February 2009. NASA planned to shift the space station, carrying commander Dmitry Kondratyev and flight engineers Cady Coleman and Paulo Nespoli, into a safer orbit early today. Bosses hoped to complete the manoeuvre by firing thrusters on a docked Russian Progress cargo ship.
Increased Debris pose threat to ISS

Thisdell, 11 –Business Editor at Flight Global(4/19/11, Dan Thisdell, Flight International, “Space junk raises alarm,” http://www.lexisnexis.com.proxy.lib.umich.edu/lnacui2api/results/docview/docview.do?docLinkInd=true&risb=21_T12235848120&format=GNBFI&sort=BOOLEAN&startDocNo=1&resultsUrlKey=29_T12235837275&cisb=22_T12235848123&treeMax=true&treeWidth=0&csi=6953&docNo=2 CS)
ESA alarmed by space junk Europe aims to create system to track debris and monitor solar weather as worries over potential collision mount In January 2007, China successfully tested an anti-satellite missile, destroying one of its redundant spacecraft orbiting about 800km (1,290 miles) above the Earth. In April 2011, one of the 3,000 pieces of debris that test created passed close enough to the International Space Station, orbiting at around 400km, to raise concerns of a collision. Those 3,000 pieces are matched by about the same number left over from the February 2009 collision between an active Iridium communications satellite and a Russian satellite whose orbit was degrading. In all, the US military's Joint Space Operations Center (JSOC) tracks some 22,000 orbiting items larger than about 10cm (3.9in) across - and, as the chart shows, that number has roughly doubled since 2000. The vast majority of those items are debris, rather than payloads or rocket bodies, and there are another 700,000 or so pieces at around the 1cm size. 
Increased Debris could harm ISS

Thisdell, 11 –Business Editor at Flight Global(4/19/11, Dan Thisdell, Flight International, “Space junk raises alarm,” http://www.lexisnexis.com.proxy.lib.umich.edu/lnacui2api/results/docview/docview.do?docLinkInd=true&risb=21_T12235848120&format=GNBFI&sort=BOOLEAN&startDocNo=1&resultsUrlKey=29_T12235837275&cisb=22_T12235848123&treeMax=true&treeWidth=0&csi=6953&docNo=2 CS)
WARNINGS Through the US State Department, the JSOC issued about 1,000 warnings in 2010 to foreign governments that a space asset was at risk of collision. Many of those resulted in avoidance manoeuvres, which consume propellant a satellite would normally use to maintain orientation. While some debris is an unavoidable consequence of launching a rocket, one senior US official says that "if we don't make some changes, we won't be able to use space". The USA, this official says, "learned our lesson" after a 1985 anti-satellite test left debris near the ISS. Stressing the need for all space-faring nations to take debris seriously, this official adds that China has behaved "very irresponsiblybut we are hopeful"; a January 2011 "missile defence" test by the Chinese was followed within an hour by a statement assuring the world the incident was a test that left no debris. However, the US position is that another two or three ASAT tests would threaten the use of low-Earth orbits. The gravity of the issue has been highlighted by the European Commission, whose "reinforced" space policy calls for establishment of an autonomous European space situational awareness system to track debris and monitor solar weather, two hazards that cause E332 million ($480 million) in damage to European assets annually. What Europe is proposing is a system of comparable performance to what the USA is operating. Holger Krag, a space debris analyst at the European Space Agency's debris office, describes the ESA concept as a single radar installation somewhere in Europe supplemented by some 20 optical telescopes at four sites equally spaced near the Equator. The radar would be capable of tracking, and thus calculating the orbit of, objects of about 5cm size at altitudes around 800km, with capability decreasing with altitude; 10cm objects could be tracked at 1,200-1,300km and 30-40cm objects at 2,000km. However, radar cannot track objects at the 36,000km orbits of geosynchronous communications satellites, so to protect them the optical telescopes become necessary. Some space-based telescopes could ultimately be added to the system. Tracking capability gives spacecraft operators some warning of a collision, but Krag notes that scarce resources have to be directed to averting "catastrophic" collisions that create more debris. A 1cm object carries enough energy to disable a satellite, but a 10cm object is powerful enough to break it apart, hence the focus on objects of this size or larger. The ISS is unusual in being shielded against 1cm impacts, although Krag admits there are larger objects that fall in the "gap" between what the ISS is protected against and the objects which can be detected. 
No Near future for Debris Removal

Thisdell, 11 –Business Editor at Flight Global(4/19/11, Dan Thisdell, Flight International, “Space junk raises alarm,” http://www.lexisnexis.com.proxy.lib.umich.edu/lnacui2api/results/docview/docview.do?docLinkInd=true&risb=21_T12235848120&format=GNBFI&sort=BOOLEAN&startDocNo=1&resultsUrlKey=29_T12235837275&cisb=22_T12235848123&treeMax=true&treeWidth=0&csi=6953&docNo=2 CS)
OPERATIONAL MEASURES Also important, says Krag, is for space-faring nations to agree operational measures to reduce debris, including designing rocket bodies so they do not explode when releasing remnant energy and, perhaps, agreeing to safely de-orbit satellites from densely populated orbits after their useful lives. Ultimately it may be necessary to actively remove some debris from orbit. No reasonably affordable or technically feasible scheme could address anything but the largest pieces of debris, including defunct satellites. Active debris removal would involve launching robotic missions directed at achieving controlled re-entry of individual pieces of debris. Krag says dealing with five to 10 large objects a year would be worthwhile, as they are potential targets for debris-creating collisions. However, there will be no active debris removal in the near future. Germany is working toward a test mission, but a launch is at least 10 years away, says Krag. 
ISS shielding still leaves large risk of destructive collision

Graham-Duncan, 10 - Journalist in Science and Technology at the New Scientist, The Economist, and Technology Review,  (6/3/10, Rowe Graham-Duncan, The Times (London), “ Junk in space; Our world is surrounded by debris - and doing nothing is not an option,” http://www.lexisnexis.com.proxy.lib.umich.edu/lnacui2api/results/docview/docview.do?docLinkInd=true&risb=21_T12235848120&format=GNBFI&sort=BOOLEAN&startDocNo=1&resultsUrlKey=29_T12235837275&cisb=22_T12235848123&treeMax=true&treeWidth=0&csi=10939&docNo=11 CS)
One thing that seems certain is that regardless of which organisation takes on the salvage operation, it will only go after the big stuff. And that will leave a gaping hole in the defence against space debris. A lthough it makes perfect sense to try to remove large objects that can do significant damage, these represent a small percentage of the total debris. Nasa estimates that there are more than 500,000 objects larger than 1cm orbiting the earth. It cannot track them continuously but it is possible to detect them periodically and extrapolate from there. To get an idea of how many even smaller bits of debris there are - down to 1mm - it is necessary to examine damage to spacecraft and components when they return to Earth. This approach is less accurate than tracking but it is has led to the belief that there are tens, perhaps hundreds, of millions of these very small pieces in orbit. To put this in perspective, when Nasa started to upgrade some of the shielding on the International Space Station (ISS), in 2007, it carried out a n assessment of the risks posed by orbital debris and small meteorites. It calculated that without new, tougher shielding, there was a 55 per cent chance that a piece of debris would breach the existing shielding and penetrate the ISS by 2016. "The catastrophic risk, which means a loss of crew, was 9 per cent," says Lewis. Even after the shielding upgrade the risks seem unnervingly high, with a catastrophic risk of 5 per cent and a penetration risk of 29 per cent - 5 per cent short of Nasa's requirements. It was not surprising, then, that when the Columbia space shuttle disintegrated during re-entry in February 2003, one of the first causes considered was an orbital debris strike. "That tells you that they think of this as a fairly significant risk," Lewis says. But Johnson plays down these risks, arguing that the ISS is in a relatively low orbit, where there is less debris. Because of this, collision avoidance manoeuvres are only necessary roughly once a year. Even so, Johnson admits that small debris does pose a threat. "The ISS has the greatest amount of shielding of any spacecraft deployed. But it can only shield against objects up to about 1cm." So since only objects bigger than 10cm can be tracked - or at best 5cm at very low orbits - this leaves a n alarming gap.
Now is the critical time to combat Space debris

Graham-Duncan, 10 - Journalist in Science and Technology at the New Scientist, The Economist, and Technology Review,  (6/3/10, Rowe Graham-Duncan, The Times (London), “ Junk in space; Our world is surrounded by debris - and doing nothing is not an option,” http://www.lexisnexis.com.proxy.lib.umich.edu/lnacui2api/results/docview/docview.do?docLinkInd=true&risb=21_T12235848120&format=GNBFI&sort=BOOLEAN&startDocNo=1&resultsUrlKey=29_T12235837275&cisb=22_T12235848123&treeMax=true&treeWidth=0&csi=10939&docNo=11 CS)
It is not enough to contaminate our planet, it seems; humanity's propensity for polluting has now extended beyond our climate and is reaching out into space. Consisting of anything from small discarded components, such as bolts, to entire relics of spacecraft and satellites, this man-made orbital debris is rapidly turning space into a frontier in a whole new ecological battle. Of the 20,000 or so large objects now in orbit only 5 per cent are active spacecraft; apart from the Moon the rest is junk. And with an average speed of more than 22,000mph even very small pieces of debris have the potential to rip open anything in their path. Besides the space-faring passengers of Virgin Galactic, this poses a real threat to any orbiting spacecraft, satellite or probe unlucky enough to end up in the firing line. If the problem is left unchecked, the implications for the rest of us here on Earth are: increasing disruptions to our communications and weather services, satellite navigation devices taking a wrong turn and TV transmissions zoning out. The situation is already out of our control and experts agree that it is going to get worse - much worse. "Even if we did no launches for the next 200 years the amount of debris will still increase," says Dr Hugh Lewis, an astronautics engineer at the University of Southampton. For this, we have a sort of cascade effect to thank; the more stuff left tumbling around up there, the higher the chances of a collision. And with every collision comes the creation of more pieces of debris. Only last year a satellite used by the US Department of Defen ce was hit by an obsolete Soviet-era satellite, fragmenting into more than 1,500 large pieces of debris. And in 2007 China created 2,700 new fragments when it carried out some target practice on an old weather satellite, using a ballistic missile. At some point, nobody is quite sure when, the collision risk will become so high that launches will no longer be viable. At this point, Earth's orbit will, in effect, become an unusable graveyard of junk. At least, that's the doom-and-gloom scenario. According to a new study by Nasa it is not too late to act, and the solution may be within our grasp. Thanks to a network of Earth-based radar and optical telescopes it is possible to track any object in orbit that is larger than 10cm. And this is not limited to objects in a low Earth orbit , where the majority are. "We have some radars that can go all the way up to geostationary orbit," says Nicholas Johnson, Nasa's chief scientist for orbital debris. Using data from this surveillance network, Johnson and his colleagues have created a computer model to predict the trajectories and collisions of these objects for the next 200 years. The level of detail and accuracy in the model is unprecedented, he says, and includes even the new fragments created by the Chinese missile test. Their conclusion? Removing just five pieces of debris a year will allow us to prevent any further build-up of space junk. Remove more and we will start to see a reduction. Putting aside the practicalities of finding ways to grasp and remove orbital debris, as solutions go this seems fairly reasonable and possibly even achievable. What's more, the situation is helped because the main source of debris has almost disappeared. "Prior to the Chinese missile test the majority came from old spacecraft spontaneously exploding," Johnson says.

Immediate Action is key to reverse space Debris Dangers

Graham-Duncan, 10 - Journalist in Science and Technology at the New Scientist, The Economist, and Technology Review,  (6/3/10, Rowe Graham-Duncan, The Times (London), “ Junk in space; Our world is surrounded by debris - and doing nothing is not an option,” http://www.lexisnexis.com.proxy.lib.umich.edu/lnacui2api/results/docview/docview.do?docLinkInd=true&risb=21_T12235848120&format=GNBFI&sort=BOOLEAN&startDocNo=1&resultsUrlKey=29_T12235837275&cisb=22_T12235848123&treeMax=true&treeWidth=0&csi=10939&docNo=11 CS)
How you define the point at which Earth's orbit will become unusable very much depends on your perception of what risks are acceptable. From Nasa's perspective, there is still plenty of time. "We're talking about hundreds of years of doing nothing before it gets to be a serious issue," says Johnson. But Nasa's idea of "safe" is unlikely to tally with that of the average space tourist. What's more, even if it does take 200 years to get to this stage, a tipping point will arrive long before that. A round 2055 we will start to see a shift in the main cause of debris. Exploding obsolete satellites will cease to be the main source of junk and collision debris will take over. "That's the critical point in our future," says Lewis. "In fact some people say we have already passed another critical point." This is the well-known space industry phenomenon called the Kessler syndrome. Ignoring the creation of new debris through collisions, this is the scenario in which the rate of objects being sent into orbit exceeds the rate at which they are being removed by atmospheric decay. In simple terms, it is the point at which we are putting more junk into space than we are taking out. Based on such a rudimentary definition, we are already in the Kessler syndrome. "This is a big problem. Everybody in the space community should be concerned," says Lewis. Fortunately, it is not too late to act. But if there is a lesson to be learnt from climate change on Earth, it is that delay can be costly. "If we wait too long while doing nothing, then we get to the point where we can't do anything."

Small Space Debris Destroys spacecraft’s and satellites including the ISS 

Hitchens 09 (Theresa, director of research at the British American Security Information Council, Space Debris: Next Steps, http://www.unidir.org/pdf/articles/pdf-art2378.pdf) ASingh

Space debris is dangerous because of its potential to collide with and damage satellites and/or spacecraft. Even tiny pieces of debris such as paint flecks measured in millimetres can cause destruction. Debris is so dangerous because objects in orbit move at extremely high speeds—about 10km per second in LEO6—thus relative velocities and the energy generated at impact can be very high. In fact, NASA must replace one or two Space Shuttle windows after each mission as a result of damage by small pieces of debris.7 “We get hit regularly on the shuttle”, Joseph Loftus, then assistant director of engineering for NASA’s Space and Life Science Directorate, as quoted by space.com in September 2000, noting that, as of that time, more than 80 shuttle windows had been replaced because of debris impacts.8 Debris can also be a danger to people and things on the ground, as some space junk in LEO will eventually de-orbit, pass through the atmosphere and land. Although such landfalls are rare, they do happen when very large space objects de-orbit. For example, large pieces of Skylab fell over Western Australia in July 1979; in April 2000, pieces of a Delta 2 second stage rocket fell over Cape Town, South Africa.9 Debris—as well as the ever-increasing population of active spacecraft and satellites—can further interfere with astronomical observations by creating a form of light pollution (just like satellites or spacecraft, debris pieces can reflect sunlight and clutter efforts at sky mapping). Light pollution is not only a problem for civil astronomy, but also for military efforts at space surveillance, since tracking and monitoring space objects relies in large part on optical telescopes. In yet another parallel with pollution on Earth, it is much easier to prevent space debris than to clean it up. Indeed, currently there are no technologies that can reliably “clean up” space junk put up in decades past. Unfortunately, although preventing the creation of debris might be simpler than removal, it is not easy since it would require operators to incorporate special design features into their spacecraft or satellites. Nonetheless, many space-faring nations and commercial interests have woken up to the need for debris mitigation caused by concerns that if nothing is done now, certain highly useful orbital planes might no longer be safe for satellites and spacecraft. For example, the International Space Station is moved at least four times a year to avoid debris collisions.11 Certainly, with the high costs of launching and maintaining satellites—not to mention the costs of insuring them—commercial firms have no desire to see space become more cluttered with potentially damaging debris. Many of the major space-faring powers (including the European Space Agency, France, Japan, the Russian Federation and the United States) have put regulatory standards into place aimed at limiting the creation of debris from government-sponsored space operations; and other nations (such as China and India) are working to put into place similar “good practices”. The various debris mitigation standards now in place are similar, including limiting the amount of debris produced from normal operations, such as throwaway orbital stages or components; burning off fuel at the end of a satellite’s mission life; and removing non-operational spacecraft and rocket stages from orbit, either by de-orbiting objects in LEO (over a certain time) or boosting them up and out of the way into a so-called “graveyard” orbit for objects in GEO.12 However, these national efforts vary in scope and in application— some, for example, contain exemptions that allow waivers if a certain mitigation practice is deemed too expensive. Moreover, some space-faring powers still have not completely embraced the idea of mitigation practices, concerned that added costs might hamper their ability to develop competitive space industries.
AT: Cost

Costs of ISS overstated – accounts for less than .15 percent of budget

Hauser and John 9 -   *Vice president, Washington Operations and Research and Analysis for the Space Foundation, **Research Analyst

(Marty and Mariel, “The International Space Station: Decision 2015”, Space Foundation)

 Given the structure of the ISS program, which included up-front costs followed by benefits to be accrued after construction, there is a strong argument against ending participation in the program at such a late stage, after development costs have been paid but before research benefits have been fully realized. The space station has gone through a costly 30-year design and construction period and is now entering a time when research can begin to produce the expected benefits of the program. The designers of the ISS believed that the benefits of the station would outweigh its cost, including development costs, and that those benefits would be realized upon its completion. Members of Congress reaffirmed this belief in 1993 when they voted to continue the program. In the future, operating costs for the ISS are estimated at approximately $2.5 billion per year after 2010.47 In comparison to other federal programs, this funding plan is not large. NASA’s budget accounts for less than 1 percent of the federal budget, and less than 15 percent of NASA’s budget goes to the ISS program.48 That means the ISS program accounts for less than 0.15 percent of the federal budget. The budget for the space station amounts to $20 a year per taxpayer, or approximately five cents a day.49 

AT: No Brink

Risk is high--debris has already threatened the ISS three times in 6 months

Russia & CIS Military Newswire 11 (“Space and Rocket Building” 5/16 LexisNexis)

Space and Rocket Building

Space debris has threatened ISS three times in past half a year - Russian Space Forces

MOSCOW. May 16 (Interfax-AVN) - The Russian Space Forces have warned the space mission control three times in the past half a year about the danger of the International Space Station's collision with space debris, Space Forces Commander Maj. Gen. Oleg Ostapenko told journalists.

"Three warnings about dangerous proximity between space objects and the International Space Station have been sent to the space mission control[outside Moscow]," Ostapenko said at an expanded meeting of the Space Forces' military council on Saturday.

The space control system has monitored the placement of 30 spacecraft into orbit. "More than 20 Russian and foreign spacecraft have been tracked," he said.

The system also detected 11 launches of domestic and foreign space rockets.

The Russian Space Forces have taken part in the launches of 14 spacecraft, ten of them as part of the federal space program and the other four in the Defense Ministry's interests, from the fall of 2010 to April 2011.

AT: Private Corp Crowd-Out

ISS allows commercial development – COTS program proves

Hauser and John 9 - *Vice president, Washington Operations and Research and Analysis for the Space Foundation, **Research Analyst

(Marty and Mariel, “The International Space Station: Decision 2015”, Space Foundation)

An interesting benefit that also results from the ISS program is a boost to the commercial space sector. Research done on the ISS concerning space systems and human safety will benefit any future space travel companies in addition to government spaceflight programs. As we learn more about how to protect humans in space and how to make systems that are more reliable for space travel, the commercial space sector is becoming increasingly robust. To date, seven “private spaceflight participants” have visited the ISS. While small in scope, this effort has demonstrated that there is interest, even at very high prices, for commercial human spaceflight. Several companies are using this information to better understand the market for commercial space travel; one startup company, Virgin Galactic, has already begun taking deposits and waitlisting passengers for its upcoming suborbital spaceflight operation. The ISS is also acting as a catalyst for commercial development in another way. The Commercial Orbital Transportation Services (COTS) Program seeks to stimulate commercial space transportation services companies by creating a market for supply flights to the ISS.45 This has been likened to the government purchasing air-mail services during the early days of aviation to promote the growth of the airline industry. The COTS program may result in less expensive and less risky launch options for future NASA payloads, as well as for other customers. Companies involved in NASA’s COTS effort may eventually provide commercial options for human space transportation, allowing NASA to focus on its goal of cutting-edge development and exploration rather than routine transportation. The ISS is essential to this effort since it is the destination for which these vehicles have been designed. However, COTS vehicles are unlikely to be ready before 2010, and if the U.S. breaks away from the program in 2015 these technologies may not reach their full potential. The effect on COTS-D, the program aimed at supporting commercially-developed space systems to transport humans to the ISS, may be even more pronounced, as these technologies are not scheduled to be ready until after the cargo vehicles have been developed and tested. Even the infrastructure of the station is being opened to the commercial industry on some fronts. NASA has signed a servicebased contract with one company to provide water production services aboard the ISS. NASA does not need to purchase any hardware, just the water. The company will provide the equipment, and if the system does not work, NASA will not pay for it. The contractor is responsible for all system development and performance. This is a fundamental change in the way NASA works with private companies and demonstrates the willingness of industry to invest in space systems.46 The designation of the ISS as a National Laboratory also opens new possibilities for the participation of commercial industry in the experiments and operation of the ISS. As with other forms of government research, the longer the ISS is available as a research facility, the more likely companies are to engage in research leading to break-through findings and innovations. 

**Impacts

Impact – Heg 

ISS best venue for U.S. Leadership – shows US international and technical leadership

Hauser and John 9 - *Vice president, Washington Operations and Research and Analysis for the Space Foundation, **Research Analyst

(Marty and Mariel, “The International Space Station: Decision 2015”, Space Foundation)

 The United States initiated the ISS program and it continues to manage the assembly, servicing, operation, resupply, and most astronaut training for the station program. Through the International Space Station project, the United States is able to display international leadership and demonstrate American technical and political leadership in the context of a peaceful, widely respected undertaking. The ISS is a highly visible program, and its technologically advanced nature is obvious. This makes its contribution to the United States’ global image particularly important. This aspect of the ISS program was highlighted by President Reagan when he announced the project in 1984, saying: “Our progress in space - taking giant steps for all mankind - is a tribute to American teamwork and excellence. Our finest minds in government, industry, and academia have all pulled together.” If the United States allows its leadership of the ISS program to expire in 2015, it will likely fuel negative international perceptions of U.S. capabilities, reliability, and leadership. The nation’s inability to lead the ISS to the end of its design life would reflect poorly on U.S. commitment to scientific and technical endeavors. Although unlikely, it is possible that international partners would continue to operate the ISS, even if the United States abandons its investment in the project. The image of the United States is likely to suffer as it retreats from the leadership role on the largest international technical project ever undertaken. As the Review of U.S. Human Space Flight Plans Committee describes the situation, “Not to extend [ISS] operation would significantly impair U.S. ability to develop and lead future international spaceflight partnerships.”15 In addition, leaving the program would result in an unprecedented retrenchment: the United States abandoning a National Laboratory to other nations. Reduced to the role of a bystander, the nation would no longer benefit from the cutting-edge research and international collaboration conducted by other nations. 

Impact – R&D

ISS catalyzes R&D – potential to solve alternative energy, global warming, and diseases

Hauser and John 9 - *Vice president, Washington Operations and Research and Analysis for the Space Foundation, **Research Analyst

(Marty and Mariel, “The International Space Station: Decision 2015”, Space Foundation)

 The International Space Station is the only existing platform that allows long-term, tended research in microgravity conditions. In the past, microgravity experiments could only be carried out using drop towers, parabolic flights, retrievable capsules, or the space shuttle, allowing research periods ranging from a few seconds to about two weeks. Experiments on the ISS have the potential to stay in microgravity for many years. This provides a unique opportunity for basic scientific research that simply cannot be done on Earth. A few of the areas of potential discovery include: 1. Basic materials research that could advance the state of the art in metallurgy, construction, manufacturing, computing, and many other fields; 2. Biological and medical research that could improve our understanding of the human body, aging, and disease, leading to new medical treatments and protocols; 3. Cellular research targeting cancer; 4. Fluid and thermal physics research with implications for alternative energy, resource management, and climate change mitigation; 5. Protein crystallography and other techniques to aid in the design and manufacture of next-generation medicines and vaccines; 6. Plant/agriculture research leading to improved crops, forestry, and environmental management. Although on-board research facilities are not yet complete, more than one hundred research projects have already been carried out.26 According to a recent National Institutes of Health (NIH) publication, it is believed that the agency can use this unique opportunity to conduct research in the microgravity environment on the space station to provide insight into bone mass loss, muscle-wasting diseases, and disorders of the inner-ear. It may also help provide an understanding of infectious diseases and immune system response.27 Experiments conducted on the International Space Station have already shown that pathogens become much more virulent in microgravity. Ongoing experiments are focused on bacteria such as Salmonella, which is known to cause hundreds of Allocation of Laboratory Space Aboard the ISS thousands of infections worldwide each year. Researchers hope to use this to dramatically reduce the time required for vaccine discovery.28 Another experiment found that astronauts with basic training and minimal audio guidance could use high quality ultrasound imagery necessary for medical diagnosis. Not only does this provide a promising diagnostic tool for future space missions, it also has applications on Earth for patients in remote areas, disaster zones, and the military.29 The potential for technological and scientific breakthroughs based on ISS research has been one of the justifications for the program since its beginning. Some critics ask why, ten years after ISS construction began, there have been only limited advancements based on research conducted on the station. First, the ISS has been a construction zone for the past ten years. During this time, the emphasis has been on building and assembling the infrastructure for the equivalent of a research university in space – one of the greatest engineering feats in human history. Second, the assembly schedule for the ISS was delayed three years by the tragic loss of the Space Shuttle Columbia. Research laboratories, experimentation facilities, crew quarters, full electrical power, and other infrastructure are only now coming on line. The ISS was developed as a laboratory but the benefit of this investment cannot be fully realized until a full research agenda is carried out. If completed on schedule in 2010, performing at least a decade of research requires that the U.S. continue to lead the ISS program through at least 2020. 

Impact – International Coop

ISS fosters International Cooperation – backed by international agreements and shows global cooperation

Hauser and John 9 - *Vice president, Washington Operations and Research and Analysis for the Space Foundation, **Research Analyst

(Marty and Mariel, “The International Space Station: Decision 2015”, Space Foundation)

As the world becomes increasingly interconnected, strong international partnerships are essential to the success of any nation, including the United States. The ISS allows the United States to maintain and continue to forge such partnerships and to explore ways of working successfully with other nations on technical projects. It provides a starting point for future collaboration beyond space programs, for projects of any kind. The utility of international partnerships was recognized early in NASA’s history. In 1969, considering the future of the U.S. space program, the Space Task Group noted the importance of international participation and communication. It believed this would promote a sense of world community; optimize international scientific, technical, and economic participation; apply space technology to humanity’s needs; and share the benefits and costs of space research and exploration.16 These factors continue to drive international cooperation today. Even if increased cooperation is desirable and has been put into action during the construction phase, one may still question whether the ISS program is designed to promote future collaboration. In The Evolution of Cooperation by Robert Axelrod, an expert on strategic interactions, two of the primary methods for promoting future partnerships include making interactions more durable and more frequent.17 The ISS does both. It is a highly visible, long-lasting program backed by international agreements, and therefore is more durable than other, less publicized or less formal international arrangements. Due to the technological challenges involved in design, development, production, launch, and operation of so complex an orbital facility, frequent international interaction and iterative cooperation are essential. Global cooperation on large-scale technical projects is a growing phenomenon, and the International Space Station has been studied as a model for these types of partnerships.18 A great example is the 2008 integration of two international laboratories, the European Columbus lab and the Japanese Kibo lab, into the ISS. The Canadian Special Purpose Dexterous Manipulator has been added, and both the European Automated Transfer Vehicle (ATV) and the Japanese H-II Transfer Vehicle (HTV) have successfully performed servicing missions. These concrete steps forward provide strong evidence that the program is succeeding.19 International partners place a great deal of importance in the ISS. The name of the Japan Aerospace Exploration Agency’s ( JAXA) laboratory Kibo means “hope” in Japanese. When the first module of the laboratory was delivered in March 2008, the Prime Minister of Japan hailed it as the beginning of Japan’s new “home in space.”20 Each international partner mentions its participation in the ISS program as a major effort of its space program. The JAXA vision statement, written in 2005, notes that participation in the ISS program shows Japan’s status as an “equal partner with the United States and European countries” and establishes its status in the international community.21 Russian, European, and Japanese space policy documents all mention the importance of research done on the ISS to successful future human spaceflight missions.22 If U.S. support for the ISS program lapses in 2015, it is likely that one of the most significant negative impacts would be on international relations, and global perceptions as to whether or not the U.S. is a reliable partner. Concern over U.S. intentions is already apparent. Even amid the excitement of the Kibo module being launched, an article was published in the Daily Yomiuri, an English-language online supplement to Japan’s largest selling newspaper, that warned people not to be overly optimistic.23 The article notes that the United States plans to shut down the ISS in 2015 and, if that happens, the Kibo laboratory will not be operational for the 10 years it was designed to last, in which case benefits from the project may be limited. The article highlights the risks of “international projects in cooperation with countries like the United States, where policies can change abruptly with the changing of administrations.” The article also says that Europe has engaged in diplomatic talks with Russia and the United States about the ISS, while Japan, “has relied almost completely on the United States, and has fallen behind Europe as a result.”24 At the 2009 Paris Air Show, international partners voiced their interest in continuing the ISS mission past 2015, possibly to 2025. European Space Agency partners noted that they have a strong desire to extend the program to fully exploit their Columbus science lab.25 The ramifications of a decision to withdraw from the ISS program in 2015 would, therefore, extend far beyond this single project. The United States’ choice to honor (or not) international commitments vis-à-vis the ISS will affect other countries’ views of the United States as a partner in virtually all future endeavors. The ISS provides the opportunity to cement lasting partnerships and cooperation in many areas. A unilateral U.S. decision to end the program against the wishes of the international partners will adversely affect future programs. If the United States is unable to sustain its engagement with its international partners, it will either have to forgo future large-scale space programs, or undertake all costs on its own. 

ISS is critical for international cooperation – now is key

Lafleur, 8 – science reporter who covers space activities for Quebec’s French news media

(Claude, “Space exploration at a crossroad”, The Space Review, 10/6/2008, http://www.thespacereview.com/article/1225/1)

Time for reflection

November 2008 will mark the tenth anniversary of the International Space Station, with the launch of its first component on November 20, 1998. ISS has been inhabited since November 2000 by successive crews who spent up to six months onboard. They have accumulated some two billion kilometers of travel, something like a half-dozen Earth-Mars roundtrips.

ISS is a colossal success considering that it’s an assembly of complex components built separately in the US, Russia, Europe, Japan, and Canada. The fact that this assortment has functioned nearly perfectly for a decade is, by itself, a great achievement. But ISS is also an achievement in that it requires a level of day-to-day collaboration between America and Russia unthinkable twenty years ago. And who would have though that, following the Columbia loss, Russians would be so kind in keeping the station inhabited during the stand down of the Space Shuttle? The station’s tenth anniversary could also mark the mid-point of the program, since the station will probably be near its end in about ten years.

In July 2009, we will celebrate the 40th anniversary of the first man on the Moon. It will be time to remember nearly fifty years of piloted spaceflight and re-evaluate the role of humans in space: are they worth the expense? This question, asked since the early days of the Space Age, will be an important one considering the future of the piloted space program after ISS and the Shuttle.

But perhaps more important will be the arrival in office of a new administration in time to rethink the future of space exploration. We will then be at the end of the Space Shuttle program, with about only a year of flying this marvelous but cocky machine. At some point early in his first term, the president will have to decide the future of the space program: what to do with ISS and President Bush’s Vision for Space Exploration? Are we really going back to the Moon? If so, at what pace and for what purpose exactly: to stay and live in a Moonbase (like we’re doing onboard ISS) or to continue up to Mars? Or, if not, what else?

Impact – Tech Innovation 

ISS leads to technological innovation – water filtration and biosensors prove

Hauser and John 9 - *Vice president, Washington Operations and Research and Analysis for the Space Foundation, **Research Analyst

(Marty and Mariel, “The International Space Station: Decision 2015”, Space Foundation)

Benefits to science from basic research advancements are only one aspect of how the ISS can contribute to technological innovation. The space program is one of the most well-known sources of advanced technological research in the country. In the process of researching and designing very complex space systems, advances are made that have benefits outside the space program. The NASA Innovative Partnerships Program helps transition these advances into the private sector, benefiting global competition and the economy.30 Research associated with the development of the ISS, in particular, has contributed greatly to this phenomenon. For example, technology developed to recycle waste water on the ISS has led to the creation of a filtration system with the ability to purify water from the most challenging water sources. This could have important impacts in remote areas where well water is heavily contaminated by bacteria and it is already being used to purify the water supplies of hospitals in the developing world and dental practices in developed nations.31 Other technologies derived from work on the ISS include air purifiers, biosensors, and advanced fire alarms. ISS-inspired technology can be found in the most unlikely places: wireless sensors developed for the program can now be found monitoring the structural integrity of three tunnels in the Netherlands.32 The companies associated with these advances are often partnered with NASA as part of the agency’s Small Business Innovation Research (SBIR) program. The success of small businesses is essential to innovation and growth in the economy. Moreover, although some of these companies are based in states such as Texas, Florida, and California, which are often associated with the space program, others reside in a wide variety of Astronaut Peggy Whitson works at the Microgravity Science Glovebox in the Destiny laboratory of the ISS. states, including New York, Oregon, Virginia, Montana, Pennsylvania, Arizona, Georgia, Connecticut, Michigan, Colorado, Massachusetts, New Mexico, Maryland, Nevada, and New Hampshire.33 The ISS has already proven to be an efficient engine for the creation of new, advanced technologies. The longer the program continues, the greater the likelihood that even more technologies will be developed to benefit the United States, and people worldwide.

Impact – Space Exploration 

ISS is the only way to continue space exploration efforts 
Hauser and John 11 (*Marty, VP Washington Operations Research and Analysis, **Mariel, Research Analyst for the Space Foundation, The International Space Station: Decision 2015, page 9, http://www.spacefoundation.org/docs/ISS_Decision_2015.pdf) 
One of the most broadly recognized objectives of the ISS is articulated on the NASA Exploration Web site: its “use as a test bed for technology development, demonstration, and problem resolution in the areas of life support, fire safety, power, propulsion, thermal management, etc.”34 The ISS provides the unique ability to carry out this important task. If the United States intends to undertake long-duration exploration missions, it is essential that NASA collects empirical data on the maintainability and availability of space hardware systems. This can only be accomplished with operating experience, and the ISS offers this capability. NASA has already been able to develop and refine ventilation systems, air filtration systems, water recycling systems, and oxygen producing systems, to name only a few. When hardware components malfunction, the ISS crews have demonstrated creativity, collaboration, and teamwork in order to carry out repairs in orbit. This has led to the development of new repair techniques and has provided valuable lessons on what does and does not work in space.35 The benefits of having a relatively close “island in space” where systems can be tested are evident in the experience with the Remote Power Control Mechanism. This component, similar to a circuit breaker, is used frequently in space systems. When this component malfunctioned, NASA was able to study the problem and create an improved version. Thousands of replacements were shipped to the ISS and installed. Had this problem occurred on a vehicle destined for the Moon or Mars, studying the problem, creating replacements, and carrying out repairs would have been much more difficult, if not impossible.36 Research on humans in space is at least as vital as research on space hardware. The ISS offers the only option for research on the effect of long-duration spaceflight on humans. The Vision for Space Exploration mentions the critical role of the ISS to “understanding the effects of space environments on the human body, developing techniques for mitigating these hazards, minimizing the logistical burden of supporting humans far from Earth, and addressing remote medical emergencies.”37 Extensive research is being done to create countermeasures to the bone and muscle loss astronauts experience during long-duration flights. Research on medical devices and procedures is also essential. Similarly, research and advances in radiation exposure and protection will be vital to the safety of astronauts on future exploration missions. Human factors research associated with long duration space travel is also critically important. For example, research is now being carried out wherein an astronaut keeps journals that will be analyzed to help better understand the effects of living in an isolated and confined environment for extended periods.38 Research is also being carried out on crew member and crew-ground interactions. Preliminary findings from this experiment indicate that crew members improve in mood and social climate over the course of their missions as they adapt to the new environment.39 Research carried out on ISS allows the United States to be better prepared for its future exploration endeavors.

ISS key to scientific experiments and exploration

CSM, 9 

(11/29/09, Peter N. Spotts, The Christian Science Monitor, “Wanted: More Sky-High Science,” http://www.lexisnexis.com.proxy.lib.umich.edu/hottopics/lnacademic/? )

The US shuttle Atlantis undocked from the International Space Station Wednesday, beginning the homeward stretch of an 11-day mission that delivered spare parts to the orbiting outpost. Now that NASA has begun putting the finishing touches to the International Space Station, it and partner agencies have been posting the equivalent of slick travel brochures complete with a photo montage of astronauts serving as lab technicians or wired up as test subjects. It's one part of preparations for expanding the use of a space station that could remain on orbit through 2020 or even 2028. NASA is doing studies to see if the certified lifetime of the station's structural pieces can safely be extended. ConÂ-gress last year asked the agency to find ways to keep the station operating past 2015. "We're doing a 30-year look at all the components," says space-station program manager Michael Sufferedini. "Assuming we get them all certified, we'll actually have a vehicle certified through about 2028." Much of the research NASA and other space agencies are interested in involves long-term human space exploration beyond low-Earth orbit. Scientists already are working on two key problems: the potential radiation hazard astronauts would face once they leave the protection of Earth's magnetic field, and the physiological changes astronauts face as they spend months in weightlessness. Cosmic rays are not rays per se, but a constant stream of high-energy particles, largely protons. They arrive from deep space, and they pack enough punch to trigger a cascade of other particles when they strike the atmosphere - or a spacecraft. They're energetic enough to damage DNA, a long molecule that contains the biochemical blueprint for an organism's form and function. One of the major physiological effects scientists are trying to counter is a loss of bone and muscle mass astronauts experience after long periods of weightlessness. Resistance exercises during orbit help. But to get a better handle on the issue, scientists are using rodents to study the genetics behind astronauts' bone loss, as well as to get a better handle on bone-related diseases. Many experiments are expected to continue to focus on biomedical questions, as well as materials science experiments. Weightlessness offers some unique advantages over ground-based experiments. Grow cells in a petri dish, for instance, and gravity flattens them into essentially two-dimensional organisms. Grown in space, they become tiny spheres, making it easier to track the mechanisms behind their development.*

US space development is key to international cooperation on exploration

Thangavelu, 9 – conducts the Graduate Space Concepts Studio at the University of Southern California
(Madhu, “A Consortium for the International Space Station”, Space News, 8/24/9, http://www.spacenews.com/commentaries/consortium-for-the-international-space-station.html)

The Augustine Committee clearly drove home the philosophy that the ultimate, overarching goal of human spaceflight is not just about national security, international leadership, prestige or economic benefits, but the ever-slow but steady buildup of projects and infrastructure, aimed toward the settlement of humanity among the stars. The ISS is a critical element in this logical, progressive evolution of architectures needed to attain that goal. Human spaceflight is the raison d’etre and the core competency of NASA, and appropriately, more than half of NASA’s annual budget is allocated for it. Exploring the unknown is an innate human imperative. It should not be construed an economic endeavor. Equating manned spaceflight to the robotic exploration of space is a flawed economic argument. The price and reward of human space activity are both high, though not all the benefits are immediately apparent or tangible. There are critical, base funding levels in all programs, below which they cannot function. If inadequate funding hampers the progress of human spaceflight projects at NASA, faced with a stagnant, fixed or declining budget, the agency will have no other choice but to abandon it or put all other programs on the back burner, delay their schedules or find other homes for them. The ISS truly represents the culmination of perhaps the most complex building project ever undertaken by humanity, opening new doors not only in human space activity and peaceful uses of outer space, but also extending new opportunities in diverse arenas of international cooperation and collaboration. As the facility orbits planet Earth every 90 minutes, sleekly gliding over countries without check points and visas, carrying a multinational crew, it reminds us of the unity of our fragile planet and peoples. It offers hope for a richer, freer and ever more vibrant world of nations, working together, aspiring ever higher. The ISS could still be that unique symbol, a magical gift to the whole world in this new century, and does not have to end up an albatross around NASA’s neck.

Impact – Science Education

ISS drives science education – boosts educational activities and gets students invovled

Hauser and John 9 - *Vice president, Washington Operations and Research and Analysis for the Space Foundation, **Research Analyst

(Marty and Mariel, “The International Space Station: Decision 2015”, Space Foundation)

The space program has long been recognized as a program that stimulates public interest in science and technology. According to a recent Gallup poll, 69 percent of people believe that the U.S. space program encourages young people to consider an education in science, technology, math or engineering fields.40 These results are consistent with a study carried out by the Annenberg School of Communications and the Space Foundation in the early 1980s, which demonstrated that space-based curriculum and instruction is considerably more effective in capturing student interest than other forms of instruction. In the first five and a half years of continuous human presence on the ISS, a wide range of student experiments and educational activities were performed. Educational activities associated with the ISS have involved more than 31 million students.41 In early education, children perform classroom versions of ISS experiments, giving them an understanding of the type of research done in space, and allowing them to compare the results of their tests to the ones done by astronauts in orbit. With the help of a teacher or mentor, these students may design an experiment to be conducted on the ISS. High school or college students interested in engineering may participate in hardware development or space operations activities. University students work with professors to participate in NASA investigator experiments. There have been numerous types of educational demonstrations and activities, including links that allow students to speak directly with astronauts in space. With the designation of the ISS as a National Lab, NASA has partnered more closely with the Department of Education, and these education-related opportunities will continue to grow – as long as the station remains operational. Encouraging children to go into science and technology fields is only one aspect of a national strategy to increase America’s competitiveness. It is also important to attract and keep a technologically advanced workforce. This is clear in the bipartisan “America Competes Act” of 2007, in which Congress affirms the importance of NASA’s contribution to innovation and competitiveness.42 NASA requires a highly trained workforce and the ISS program contributes to this need. According to the NASA Reference Guide to the International Space Station, “the ISS effort involves more than 100,000 people in space agencies, and 500 contractor facilities, and in 37 U.S. states.”43 Aerospace engineers and other space-related occupations often earn salaries well above the private-sector average and help drive economic growth in these communities.44 A decision to cut short the lifespan of the ISS will ultimately force student experiments and station-related education initiatives to come to an end. Although new educational activities should occur in conjunction with new NASA initiatives, the ISS is uniquely well-suited for these programs. Space activities can and should be used to promote science and technology education and to inspire the next generation. 

**2ac Stuff**

***AT: Privatization CP
Perm Solvency

Perm- Do Both

The government and the private industry must cooperate on limiting space junk- it’s both of their responsibilities

Sénéchal 07- Sloan fellow at MIT, founder of INDEVAL Switzerland, First Officer in the UN Security Council's valuation and verification of claims brought against Iraq by Kuwaiti corporations or financial institutions, holds degrees from Harvard, London Business School and Columbia 

(Thierry, “Space Debris Pollution: A Convention Proposal,” http://www.pon.org/downloads/ien16.2.Senechal.pdf) MR

The role of space corporations is seen as important because commercial activity in space is increasing and thus potentially creating more debris. Until recently, space debris was a subject fraught with uncertainties, usually shunned by aerospace corporations around the world and inadequately addressed by many space agencies. As the issue gained prominence in the mid1990s, the private sector has been seeking to find the most appropriate response to address the space debris problem. However, the space industry has been struggling to provide the required solutions. As competition has increased and profits have shrunk, many of the space corporations have adopted ―lean‖ approaches, the ―better, faster, cheaper‖ concept resting on the interconnection of decreased mission costs and increased risk. Most of the time, the prudent vehicle design and related operation that may decrease the level of debris is coming at a cost that is perceived too high by the industry. At a time when there is so much talk about the commercialization of space and space tourism, it is important to raise the awareness of the space industry that it is in the interest of all parties to find the best and most acceptable solution to the problem. Today, space corporations around the world are rightly considered the first line of defense for preventing debris to accumulate. As space activity increases, the accumulation of debris is also on an upward trend. Over the recent years, companies have been facing new demands to engage in public-private partnerships and are under growing pressure to be accountable not only to shareholders, but also to society-at-large. When addressing the problem posed by space debris, it is thus time to include the space industry in the international effort to tackle this pressing issue. The space industry does not bear the responsibility for leveling the playing field and ensuring that space free of pollution. However, government and the private sector must construct a new understanding of the balance of public and private responsibility and develop new governance for activity in space and thus creating social value.22 

PERM – <something like ‘have the USFG contract multiple commercial firms>

That solves 

Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy

(Megan, “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf.)
Going forward, the U.S. government should engage the commercial sector in space debris removal. Government contracts with several commercial firms would create a competitive environment, encouraging innovation and cost minimization. Having several companies working on the problem at the same time would also accelerate remediation as several critical orbits could be addressed at once. Furthermore, early investments in a domestic space debris removal industry would give the United States a head start in what may become a critical industry over the coming decades. 
Private sector cooperation solves 

Rondinelli, 02 – International professor of management at the University of North Carolina's Kenan-Flagler Business School, a teacher, researcher, and advisor on international management, international economic development policy, and private enterprise development 
[Dennis, “Partnering for Development: Government-Private Sector Cooperation in Service Provision,” http://unpan1.un.org/intradoc/groups/public/documents/un/unpan006231.pdf]
Cooperating with the private sector also allows governments to adjust the size of programs incrementally as demand or needs change. Partnerships that partially or completely displace inefficient SOEs can help reduce government subsidies or losses and relieve fiscal pressures on the national treasury. PPPs can usually respond more flexibly to "market signals," more easily procure modern technology, and develop stronger capacity to maintain infrastructure than can public agencies. Public-private sector cooperation can also generate jobs and income while meeting demand for public goods and services. At a time when private transfers far outpace the flow of official development assistance, partnerships are often the most effective way for governments in developing countries to mobilize private and foreign investment capital for infrastructure expansion or improvement. And to the extent that PPPs achieve their objectives they can contribute to increasing national productivity and economic output, assuring a more efficient allocation of scarce capital resources, accelerating the transition to a market economy, and developing the private sector.
The USFG can have joint action with private sectors

Runde ‘11 - the director of the Project on Prosperity and Development and holds the William A. Schreyer Chair in Global Analysis at the Center for Strategic and International Studies (CSIS) in Washington, D.C 
[Dan, “Cooperation between the Private Sector and the U.S. Government,” 3-16-11, http://csis.org/publication/evolution-corporate-social-responsibility]
The United States government has an interest in promoting and maintaining a rule-based system and a global economy based on the free market. However, the government’s ability to promote this end is increasingly constrained. In the 1960s, U.S. government development assistance accounted for nearly 80 percent of financial flows to the developing world. Today, this percentage has declined to approximately 15 percent. U.S. government investments have fallen relative to those of private companies, remittance flows, and the donations of individuals and foundations. In the world of U.S. development assistance, the U.S. government, and particularly USAID and the U.S. Department of State, has sought to adapt to the changing environment by building partnerships with new actors in international development. The Global Development Alliance, created within USAID in 2001 to establish partnerships with the private sector, is one well-known instance of the U.S. government’s shifting approach. But while there have been some changes, the policies of USAID and the U.S. government should do more to adapt to the rise of private actors in the developing world. The government is leaving many of the opportunities with the private sector “on the table.” It should create innovative mechanisms to leverage these partnerships using private-sector resources and expertise to complement the government’s unique capabilities in the pursuit of development ends. There is agreement—on the part of both the private sector and the government—that there is a need for further coordinated, joint action to tackle difficult global problems of disease, environmental stewardship, conflict, unemployment, and hunger.
Solvency Deficit- Timeframe

Recent action regarding space debris proves government and NASA action is preferable

NASA 10- National Aeronautics and Space Administration

(August 11, 10, http://orbitaldebris.jsc.nasa.gov/mitigate/mitigation.html, NASA)

Controlling the growth of the orbital debris population is a high priority for NASA, the United States, and the major space-faring nations of the world to preserve near-Earth space for future generations. Mitigation measures can take the form of curtailing or preventing the creation of new debris, designing satellites to withstand impacts by small debris, and implementing operational procedures such as using orbital regimes with less debris, adopting specific spacecraft attitudes, and even maneuvering to avoid collisions with debris. In 1995 NASA was the first space agency in the world to issue a comprehensive set of orbital debris mitigation guidelines. Two years later, the U.S. Government developed a set of Orbital Debris Mitigation Standard Practices based on the NASA guidelines. Other countries and organizations, including Japan, France, Russia, and the European Space Agency (ESA), have followed suit with their own orbital debris mitigation guidelines. In 2002, after a multi-year effort, the Inter-Agency Space Debris Coordination Committee (IADC), comprised of the space agencies of 10 countries as well as ESA, adopted a consensus set of guidelines designed to mitigate the growth of the orbital debris population. In February 2007, the Scientific and Technical Subcommittee (STSC) of the United Nations' Committee on the Peaceful Uses of Outer Space (COPUOS) completed a multi-year work plan with the adoption of a consensus set of space debris mitigation guidelines very similar to the IADC guidelines. The guidelines were accepted by the COPUOS in June 2007 and endorsed by the United Nations in January 2008. 

Solvency Deficit- Laundry List
The CP fails – three reasons:
a. No market, even with incentives

b. State ownership and authorization

c. Policy forces > market forces 

Johnson & Hudson, ‘8 –Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. 

(Lt Kevin Johnson and John G Hudson, Ph. D, “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination)

Even assuming the assignment of property rights that enable free markets to function efficiently,53 a commercialized, profit-based market for space debris elimination requires a level of active demand for mitigation that has yet to emerge. Given the current debris population, market forces have little influence over prevention or remediation outside of insurance and space policy domains. Technologies for removal are untested and launch capabilities limited and expensive. Also absent from space law is a salvage taxonomy. While orbits are free from ownership, every piece of debris from millimeter-sized paint flakes to frozen chunks of fuel remains the property of its original state or commercial owner.54 According to space lawyer Arthur M. Dula, this factor adds to the complexity of debris removal as problems might result if one country eliminated another country’s debris, even inadvertently.55 The current space policies of the United States and other space-faring nations do not portend movement toward a space property auction market in the foreseeable future. Therefore, decision-making will continue to be based on policy guidance, rather than economics. In this light, how can existing policies be improved to move debris elimination processes forward? What new policy tools might bring the problem of debris remediation to the global government agenda? 

Solvency Deficit- Tracking

Classified data and legal restrictions prevent effective debris tracking by private industry 

Dunstan & Szoka, ‘9 –*space and technology lawyer at Garvey Schubert Barer, **Senior Fellow at The Progress & Freedom Foundation, a Director of the Space Frontier Foundation, and member of the FAA’s Commercial Space Transportation Advisory Committee

(James and Berin, “Beware Of Space Junk: Global Warming Isn’t the Only Major Environmental Problem,” Tech Liberation Front (TLF), http://techliberation.com/2009/12/18/beware-of-space-junk-global-warming-isnt-the-only-major-environmental-problem/. )

Better tracking data would be required to maximize the effectiveness of debris removal prizes.  Since much of that data is classified, only a trusted intermediary could get American and Russian defense officials to work together.  But the largest obstacle is legal: While maritime law encourages the cleanup of abandoned vessels as hazards to navigation, space law discourages debris remediation by failing to recognize debris as abandoned property, and making it difficult to transfer ownership of, and liability for, objects in space—even junk.  By adapting maritime precedents, space law could make orbital debris removal feasible, once the right economic incentives are in place.  Entrepreneurs may even find ways to recycle and reuse on orbit the nearly 2,000 metric tons of space debris, which includes ultra-high grade aerospace aluminum and other precious metals.

Tracking is a prerequisite to removal 

Johnson & Hudson, ‘8 –Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. 

(Lt Kevin Johnson and John G Hudson, Ph. D, “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination)

Space debris detection and tracking are integral to space debris elimination. Every elimination technology requires a supporting detection system in order to determine debris position, velocity and heading. Tracking systems are designed to keep records of information gathered from the detection systems, and computers are used to generate real time space environment models. Currently, these models provide information that is used for space mission operations. The largest detection, tracking and cataloging system in the world is currently the Space Surveillance Network (SSN). The SSN is comprised of U.S. Army, Navy and Air Force ground-based radars and optical sensors at 25 sites worldwide.148 The SSN currently tracks over 8,000 space objects of which approximately 93% represents space debris.149 The SSN is limited to tracking space debris that is greater than or equal to 10 cm in diameter. There are several space detection systems that are owned and operated by different countries around the world. Not all of these technologies operate as part of the SSN. For example, the United Kingdom and France both own and operate detection technologies outside of the SSN. The information sharing section of this report details how information sharing can improve the SSN and overall space situational awareness. 
Ext- No Tracking

Private companies will never track – ONLY the U.S. will 

Johnson & Hudson, ‘8 –Johnson and Hudson = project supervisors @ Global Innovation and Strategy Center (GISC) Internship program. This program assembles combined teams of graduate and undergraduate students with the goal of providing a multidisciplinary, unclassified, non-military perspective on important Department of Defense issues. 

(Lt Kevin Johnson and John G Hudson, Ph. D, “Global Innovation and Strategy Center,” http://www.slideshare.net/stephaniclark/giscinternpaperspacedebriselimination)
There is little incentive for a commercial entity to build its own space surveillance network. With information currently provided at zero cost, there is no profit potential to reward commercial entrepreneurship. Instead, commercial entities are strongly encouraging governments such as that of the United States to continue publishing orbital element sets. In a statement to Congress, Iridium Satellite, the operator of the largest commercial satellite installation in the world, stated, “We encourage continued funding of the Commercial and Foreign Entities (CFE) pilot program to provide space surveillance data to commercial operators to help promote safe operations in space.”162 Some space operators within the commercial sector believe that the TLEs provided through the CFE program are not good enough. David McGlade, the CEO of Intelsat, has stated, “Although CFE has been advantageous for governments and industry, the accuracy of the data currently provided is not sufficient for precise collision detection/assessments, support of launch operations, end of life/re-entry analyses, nor anomaly resolution.”163

Heg DA
Shift to private leadership tanks NASA jobs – key to US competitiveness

Bacchus, 10- former member of congress

(Max, 2/9/2010, “Obama's Plan for NASA and Reaffirming Our Commitment to Space Exploration,” Huffington Post, http://www.huffingtonpost.com/james-bacchus/obamas-plan-for-nasa-and_b_455074.html)
The retirement of the shuttle fleet at yearend will jeopardize 7,000 jobs at the Kennedy Space Center and all along the "Space Coast" of Central Florida in my former Congressional district. We must do all we can to save those jobs. For me, the simple fact that many of those jobs are held by my friends and my former constituents is reason enough to do everything possible to save them. But much more is at stake for our entire country. Overall U.S. industrial capacity fell by an estimated one percent in 2009 -- the largest yearly decline ever. Goods-producing businesses shed more than 2.3 million jobs last year. At such a time, do we really want to throw away the critical mass and the critical skills of thousands of space workers in Florida, Texas, California, and elsewhere in this country whose labors have secured and sustained America's comparative advantage in what will surely be one of the key global industries of the twenty-first century?

Competitiveness is critical to US leadership

Jentleson, 07 – Professor of Public Policy and Political Science at Duke University
(Bruce W., 8/6/2007, The Globalist, http://www.theglobalist.com/storyid.aspx?StoryId=6364)
The Business Roundtable tellingly uses the term “atrophy” to express its concern about what has been happening to U.S. scientific and technological superiority. And the National Intelligence Council points to science and technology as the key uncertainty for whether the United States will remain the world’s “single most important actor.” The declining competitiveness of the U.S. automotive industry — which for a century was a driving economic engine and the country’s defining cultural symbol — is telling. 2007 has been the year Toyota ended General Motors’ reign as first in worldwide sales.

US leadership is key to prevent global nuclear war

Khalilzad, 95 – Program director for strategy, doctrine, and force structure of RAND's Project AIR FORCE 

(Spring 1995, “Losing the Moment?” Washington Quarterly, p.84)
Under the third option, the United States would seek to retain global leadership and to preclude the rise of a global rival or a return to multipolarity for the indefinite future. On balance, this is the best long-term guiding principle and vision. Such a vision is desirable not as an end in itself, but because a world in which the United States exercises leadership would have tremendous advantages. First, the global environment would be more open and more receptive to American values - democracy, free markets, and the rule of law. Second, such a world would have a better chance of dealing cooperatively with the world's major problems, such as nuclear proliferation, threats of regional hegemony by renegade states, and low-level conflicts. Finally, U.S. leadership would help preclude the rise of another hostile global rival, enabling the United States and the world to avoid another global cold or hot war and all the attendant dangers, including a global nuclear exchange. U.S. leadership would therefore be more conducive to global stability than a bipolar or a multipolar balance of power system.
Space Control DA

Ceding control to the private sector allows Russian/Chinese control of space

Krauthammer, 10- weekly columnist for the Washington Post
(Charles, 2/12/2010, “Closing the new frontier,” Washington Post, http://www.washingtonpost.com/wp-dyn/content/article/2010/02/11/AR2010021103484.html)
This is nonsense. It would be swell for private companies to take over launching astronauts. But they cannot do it. It's too expensive. It's too experimental. And the safety standards for getting people up and down reliably are just unreachably high. Sure, decades from now there will be a robust private space-travel industry. But that is a long time. In the interim, space will be owned by Russia and then China. The president waxes seriously nationalist at the thought of China or India surpassing us in speculative "clean energy." Yet he is quite prepared to gratuitously give up our spectacular lead in human space exploration. 

Exploration key to expand the military presence in space

Fakiolas and Fakiolas 09- *Department of Political Science and International Relations, University of Peloponnese, **Special Advisor on Russian and East European Affairs, Greece, 
(Efstathios T., Tassos E. June 2009, “Space control and global hegemony,” The Korean Journal of Defense Analysis, http://kida.re.kr/data/kjda/RKJD_A_387383_P.pdf)
At present the United States is determined not only to protect its right to use space for military and civilian purposes and ensure freedom of action, but also to deter potential enemies from having access to or using space. It identifies space operations conducted by state or non-state opponents or adversaries as a ‘‘disruptive challenge’’ to its military capabilities and national interests.50 It considers space, in addition to the land, sea, air, and cyberspace, a domain of the battle-space and space capabilities as an essential component of the application and projection of military force.51 Having founded the Pentagon’s Executive Agent for Space, it pursues a policy to ‘‘enjoy an advantage in space capabilities across all mission areas’’ and ‘‘develop responsive space capabilities in order to keep access to space unfettered, reliable and secure.’’ It intends to achieve this goal by ‘‘staying at least one technology generation ahead of any foreign or commercial space power.’’52 Thus, for instance, in February 2008 the U.S. military destroyed the defunct and out-of-control USA 193 spy satellite with a specially designed SM-3 ballistic missile.53

Space control prevents escalation of collapsed states and great power war

Cynamon, 09- Colonel, USAF

(Charles H., 2/12/2009, “Defending America’s Interests in Space,” https://www.afresearch.org/skins/rims/display.aspx?rs=enginespage&ModuleID=be0e99f3-fc56-4ccb-8dfe-670c0822a153&Action=downloadpaper&ObjectID=236c0cec-26d6-4053-ab82-19a783259606)
In the future, the primary sources of trans-regional, interstate and intra-state conflict are non-globalized, failed nations and ideologically motivated non-state actors. Even though sporadic tensions between major globalized nations have occurred, the resulting violent clashes have not lead to high-intensity conflicts. US conventional military power supported by wellprotected space systems has remained the key deterrent against major power war. In space, the United States retains preeminence for support to the world’s sole global expeditionary military. Over the course of 20 years, the United States bolstered its commercial and civil space industrial base with foreign space system exports and international cooperative programs. Joint ventures in manned space flight with the major spacefaring nations returned mankind to the moon for scientific exploration investigating extraction of key minerals, energy sources, and launch bases for more ambitious space travel opportunities. Despite orbiting US anti-ballistic missile systems, a space arms race never materialized with respect to ASAT weapons. The confluence of interagency efforts shaped the strategic environment in which the world perceives the United States as the enforcer of peaceful uses of space.

AT: T – Mesophere 
Debris is in the Thermosphere

David, ’10 – Leonard, has reported on the space industry for more than five decades. Fmr  editor-in-chief of the National Space Society's Ad Astra and Space World magazines and has written for SPACE.com (99-Now). “A Real Mess in Orbit: Space Junk to Hang Around Longer Than Expected,” Space.com, http://www.space.com/8875-real-mess-orbit-space-junk-hang-longer-expected.html. 

"The prime target objects for active removal would be in altitudes of 900 kilometers [559 miles] ? plus or minus 100 kilometers [62 miles] ? and in inclination bands near 71, 82, and 99 degrees," said Heiner Klinkrad, head of the European Space Agency's Space Debris Office at the European Space Operations Center in Darmstadt, Germany.  Klinkrad told SPACE.com that the most massive LEO objects are 19 Russian Zenith-2 second stages, each tipping the scales on Earth at 8.2 tons empty mass. All of these are in 71-degree orbits at altitudes of about 522 miles (840 km) altitude.  The highest mass concentration overall, Klinkrad added, is in the vicinity of 559 miles (900 km) at 82 degrees inclination. Roughly 300 tons of space hardware is in an "altitude shell" spread out over some 31 miles (50 km). 
Defer Aff – climate 

David, ’10 – Leonard, has reported on the space industry for more than five decades. Fmr  editor-in-chief of the National Space Society's Ad Astra and Space World magazines and has written for SPACE.com (99-Now). “A Real Mess in Orbit: Space Junk to Hang Around Longer Than Expected,” Space.com, http://www.space.com/8875-real-mess-orbit-space-junk-hang-longer-expected.html. 

While greenhouse gases cause warming here on Earth, they actually trigger cooling at altitudes where satellites orbit. Cooled air is less dense. Even though air density at these altitudes is only about a billionth of that of  the Earth's surface, it still provides sufficient drag to slow down objects in low-Earth orbit (LEO), causing their eventual re-entry.  As the atmospheric density in the thermosphere decreases, however, debris can remain in orbit up to 25 percent longer, said Hugh Lewis, from the university's School of Engineering Sciences.   "The fact that these objects are staying in orbit longer counteracts the positive effects that we would otherwise see with active debris removal," Lewis said. 

AT: DOD Agent CP

DOD empirically fails at dealing with space debris

Woellert, 9 – a former Navy intelligence officer with experience in space systems and information technology

(Kirk, “Space debris: why the US cannot go it alone”, 2009, The Space Review, http://www.thespacereview.com/article/1373/1)

The assertion that space debris is a problem best left to the DOD seems misguided. The US military budget is already committed to fighting wars in Iraq, Afghanistan, and, as evident in recent news, may need to commit resources to stabilize Pakistan. The DOD space acquisition track record is not exactly a paragon of success with several major programs experiencing major cost and schedule overruns (e.g. NPOESS, FIA). More fundamentally, assigning the responsibility of cleaning up space debris to the DOD has implications for the US as a signatory to the Outer Space Treaty. As space assets are dual-use by nature, what prevents a space debris removal vehicle from also performing in the role as a space adversary ASAT?

AT: Code of Conduct CP

Code of Conduct bad- action would not be taken until it is signed- too long a timeframe

Mirmina 05- Senior Attorney, International Law Practice Team, Office of the General Counsel, NASA

(Steven A., “Reducing the Proliferation of Orbital Debris: Alternatives to a Legally Binding Instrument,” July, JSTOR)

As previously mentioned, the conclusion of a treaty on orbital debris in the near term is not a realistic possibility. Furthermore, a treaty to remedy the situation may not even be appro- priate at present, particularly since some states would probably defer any immediate remedial action to reduce debris pending the outcome of the treaty negotiations. Yet, even though the statistical risk of damage from orbital debris currently remains small, the situation needs imme- diate redress.63 

AT: K – Satellites Turns Impact

Satellites key to globalization and precision warfare- only moral option

Moore 09- author of Twilight War: The Folly of U.S. Space Dominance, former editor of the Bulletin of the Atomic Scientists and a Research Fellow with The Independent Institute

(“Space Debris: From Nuisance to Nightmare,” Foreign Policy, http://www.foreignpolicy.com/articles/2009/02/11/space_debris_from_nuisance_to_nightmare, February 12)

End of story? Not quite. Orbital space is a natural resource, as surely as land, air, and water. It must be protected because it is home to nearly a thousand satellites put up by many countries -- communications, geo-observation, geopositioning, weather, and other kinds of satellites. Globalization would not be possible without commercial satellites. Further, the United States' military-related birds permit the country to conduct precision war. For the first time in history, satellites provide the data and the guidance necessary to enable bombs and missiles to actually hit the targets they are fired at. That's a moral plus. If a war must be fought, it should be prosecuted in such a way that military targets are hit and civilians spared to the greatest extent possible. No other country can fight a conventional war as cleanly and humanely as the United States. Satellites make the difference.

AT: International Treaties

International treaties fail- active opposition and more studies are needed

Mirmina 05- Senior Attorney, International Law Practice Team, Office of the General Counsel, NASA

(Steven A., “Reducing the Proliferation of Orbital Debris: Alternatives to a Legally Binding Instrument,” July, JSTOR)

The international treaty-making process can be slow and, at times, may not even result in agreement.18 The Legal Subcommittee of the Committee on the Peaceful Uses of Outer Space (COPUOS) is unlikely to agree on legally enforceable commitments with respect to orbital debris in the foreseeable future.'9 Within the subcommittee, there is no consensus in favor of concluding a treaty on orbital debris; in fact, there is active opposition to it. The primary basis for the oppo- sition has been that further work is necessary to understand the technical aspects of space debris. Yet, as described above, the problem of orbital debris continues to worsen.20 Since the international community lacks the consensus to conclude a legally binding instru- ment to address debris, one must look for a solution that is not treaty based. In March 2002, the European Centre for Space Law issued its Analysis of the Legal Aspects of Space Debris,21 in which it inquired into the additional measures that would be required to reduce space debris and the type of legal instrument that would best effect this intent. 

AT: International CP
Star this evidence – their CP solves NONE of the Aff but the Aff solves ALL of the net benefit 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

International cooperation in space has rarely resulted in cost-effective or expedient solutions, especially in politically-charged areas of uncertain technological feasibility. The International Space Station, because of both political and technical setbacks, has taken over two decades to deploy and cost many billions of dollars—far more time and money than was originally intended. Space debris mitigation has also encountered aversion in international forums. The topic was brought up in COPUOS as early as 1980, yet a policy failed to develop despite a steady flow of documents on the increasing danger of space debris (Perek 1991). In fact, COPUOS did not adopt debris mitigation guidelines until 2007 and, even then, they were legally non-binding. Space debris removal systems could take decades to develop and deploy through international partnerships due to the many interdisciplinary challenges they face. Given the need to start actively removing space debris sooner rather than later to ensure the continued benefits of satellite services, international cooperation may not be the most appropriate mechanism for instigating the first space debris removal system. Instead, IG one country should take a leadership role by establishing a national space debris removal program. This would accelerate technology development and demonstration, which would, in turn, build-up trust and hasten international participation in space debris removal. 

Doesn’t solve – technological, political and economic difficulties 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

At the same time, implementing active debris removal systems poses not only difficult technical challenges, but also many political ones. The global nature of space activities implies that these systems should entail some form of international cooperation. However, international cooperation in space has rarely resulted in cost-effective or expedient solutions, especially in areas of uncertain technological feasibility. Further, it will be difficult to quickly deploy these systems before the space environment destabilizes. Problems will also arise in dividing the anticipated high costs, as a small number of countries are responsible for the large majority of the space debris population, yet all nations will benefit from its removal. 
Only unilateral action is effective in debris removal 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

If the United States and other powerful governments do not take steps now to avert the potentially devastating effects of space debris, the issue risks becoming stalemated in a manner similar to climate change. Given the past hesitation of international forums in addressing the space debris issue, unilateral action is the most appropriate means of instigating space debris removal within the needed timeframe. The United States is well poised for a leadership role in space debris removal. Going forward, the U.S. government should work closely with the commercial sector in this endeavor, focusing on removing pieces of U.S. debris with the greatest potential to contribute to future collisions. It should also keep its space debris removal system as open and transparent as possible to allow for future international cooperation in this field. Although leadership in space debris removal will entail certain risks, investing early in preserving the near-Earth space environment is necessary to protect the satellite technology that is so vital to the U.S. military and day-to-day operations of the global economy. By instituting global space debris removal measures, a critical opportunity exists to mitigate and minimize the potential damage of space debris and ensure the sustainable development of the near-Earth space environment. 
US should lead in the removal of space debris
Ansdell ’10 – second year graduate student in the Master in International Science and Technology Science program at George Washington University’s Elliott School of International Affairs 

(Megan, “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment, http://www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf)

Need to Initiate Unilateral Action International cooperation in space has rarely resulted in cost-effective or expedient solutions, especially in politically-charged areas of uncertain technological feasibility. The International Space Station, because of both political and technical setbacks, has taken over two decades to deploy and cost many billions of dollars—far more time and money than was originally intended. Space debris mitigation has also encountered aversion in international forums. The topic was brought up in COPUOS as early as 1980, yet a policy failed to develop despite a steady ﬂow of documents on the increasing danger of space debris (Perek 1991). In fact, COPUOS did not adopt debris mitigation guidelines until 2007 and, even then, they were legally non-binding. Space debris removal systems could take decades to develop and deploy through international partnerships due to the many interdisciplinary challenges they face. Given the need to start actively removing space debris sooner rather than later to ensure the continued beneﬁts of satellite services, international cooperation may not be the most appropriate mechanism for instigating the ﬁrst space debris removal system. Instead one country should take a leadership role by establishing a national space debris removal program. This would accelerate technology development and demonstration, which would, in turn, build-up trust and hasten international participation in space debris removal. Possibilities of Leadership As previously discussed, a recent NASA study found that annually removing as little as five massive pieces of debris in critical orbits could significantly stabilize the long-term space debris environment (Liou and Johnson 2007). This suggests that it is feasible for one nation to unilaterally develop and deploy an effective debris removal system. As the United States is responsible for creating much of the debris in Earth’s orbit, it is a candidate for taking a leadership role in removing it, along with other heavy polluters of the space environment such as China and Russia. There are several reasons why the United States should take this leadership role, rather than China or Russia. First and foremost, the United States would be hardest hit by the loss of satellites services. It owns about half of the roughly 800 operating satellites in orbit and its military is significantly more dependent upon them than any other entity (Moore 2008). For example, GPS precision-guided munitions are a key component of the “new American way of war” (Dolman 2006, 163-165), which allows the United States to remain a globally dominant military power while also waging war in accordance with its political and ethical values by enabling faster, less costly war fighting with minimal collateral damage (Sheldon 2005). The U.S. Department of Defense recognized the need to protect U.S. satellite systems over ten years ago when it stated in its 1999 Space Policy that, “the ability to access and utilize space is a vital national interest because many of the activities conducted in the medium are critical to U.S. national security and economic well-being” (U.S. Department of Defense 1999, 6). Clearly, the United States has a vested interest in keeping the near-Earth space environment free from threats like space debris and thus assuring U.S. access to space. Moreover, current U.S. National Space Policy asserts that the United States will take a “leadership role” in space debris minimization. This could include the development, deployment, and demonstration of an effective space debris removal system to remove U.S. debris as well as that of other nations, upon their request. There could also be international political and economic advantages associated with being the first country to develop this revolutionary technology. However, there is always the danger of other nations simply benefiting from U.S. investment of its resources in  this area. Thus, mechanisms should also be created to avoid a classic “free rider” situation. For example, techniques could be employed to ensure other countries either join in the effort later on or pay appropriate fees to the United States for removal services. 
US action is key--other countries don’t have the tech

Space Daily 09 (“Making The Space Environment Safer For Civil And Commercial Users” 5/4/09 LexisNexis)

The House Committee on Science and Technology's Subcommittee on Space and Aeronautics held a hearing to examine the challenges faced by civil and commercial space users as space traffic and space debris in Earth orbit continue to increase. Subcommittee Members questioned witnesses about potential measures to improve the information available to civil and commercial users to avoid in-space collisions and discussed ways to minimize the growth of future space debris. Ensuring the future safety of civil and commercial spacecraft and satellites is becoming a major concern. The February 2009 collision between an Iridium Satellite-owned communications satellite and a defunct Russian Cosmos satellite highlighted the growing problem of space debris and the need to minimize the chances of in-space collisions. "It was such a surprise to me and many others when we heard the news that two satellites had collided in orbit in February of this year. It was hard to believe that space had gotten that crowded. It was equally difficult to believe that nothing could have been done to prevent the collision, given that one of the satellites was active and by all accounts would have had the capability to maneuver out of harm's way," said Subcommittee Chairwoman Gabrielle Giffords (D-AZ). "I'd like to know where things stand, and what we're going to do to keep such an event from happening again." While several nations such as Russia, France, Germany and Japan have some form of space surveillance capability, these systems are not interconnected and are neither as capable nor as robust as the United States' Space Surveillance Network (SSN). SSN consists of a world-wide network of 29 ground-based sensors that are stated to be capable of tracking objects as small as five centimeters orbiting in Low Earth Orbit (LEO)-that is, the region of space below the altitude of 2,000 km (about 1,250 miles). For the last four years, the Department of Defense (DOD) has undertaken a Commercial and Foreign Entities (CFE) pilot program to make collision avoidance information available to commercial space users. Commercial users have found the service to be very useful and have been concerned about uncertainty concerning the CFE program's future. At the hearing, Gen. Larry James, Commander of the Joint Functional Component Command for Space, testified that the DoD would transition the CFE to an operational program later this year. Since 1957, there have been several thousand payloads launched into space. After the first fragmentation of a man-made satellite in 1961, there have been more than 190 fragmentations and 4 accidental collisions. Since January of 2007, there have been three major debris generating incidents, which have significantly increased the Earth's orbital debris environment: Iridium 33 - Cosmos 2251 Satellite Collision; Chinese A-SAT test on Fengyun-1C; and Russian spent stage explosion - Russian Arabsat 4. At this point, the DoD is tracking more than 19,000 objects in Earth orbit, and witnesses at the hearing testified that there are more than 300,000 objects of a half-inch in size or larger orbiting the Earth, with further growth in the debris population anticipated in the coming years. "One thing is already clear-the space environment is getting increasingly crowded due to the relentless growth of space debris. If the spacefaring nations of the world don't take steps to minimize the growth of space junk, we may eventually face a situation where low Earth orbit becomes a risky place to carry out civil and commercial space activities," said Giffords.
The US must pursue unilateral action-

A. International cooperation would be too slow

B. It would not be perceived as a space weapon- moves too slow

C. Unilateralism would spur international action

Dinerman 09- Consultant for the DoD, Founder of Space Equity, a magazine focused on the finance and investing side of the space industry and senior editor for the Hudson Institute

(Taylor, “Unilateral Orbital Cleanup,” http://www.thespacereview.com/article/1365/1, May 4)

An international consortium is a recipe for doing almost nothing and doing it very, very slowly. The process of negotiating the preliminary agreement would probably take more time than it took the Defense Department to go from concept to the first GPS satellite in orbit. Figuring out the industrial politics of a multinational debris collection spacecraft manufacturing project would add years to the whole program. Certainly the Pentagon’s procurement process leaves much to be desired—and that’s putting it mildly—but it is far better than the alternatives. Of course the expertise the US would develop while performing this task would have many useful military applications, and as such would be objected to by those who are always on the look out for anything that looks like a US “space weapon”. Such spacecraft, though, would move far too slowly to themselves be used in an effective anti-satellite mode. The skills involve would in fact be far more useful in the robotic building of large structures in space, including solar power satellites. Eventually other nations would see America gaining prestige and technological advantages from its efforts and would try and emulate it. Such emulation would only show that Washington had the right, public-spirited idea in the first place. It would be far better for President Obama’s administration to begin the process of developing the spacecraft that will clean up Earth’s celestial neighborhood now, rather than to wait for an international consensus or for more incidents to happen. 

AT: CP to Limit/Mitigate Debris
Expert consensus that mitigation isn’t enough – removal is key 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

In light of these threats, certain measures have been taken to address the issue of space debris. In particular, internationally adopted debris mitigation guidelines are reducing the introduction of new fragments into Earth’s orbit. However, there is a growing consensus within the space debris community that mitigation is insufficient to constrain the orbiting debris population, and that ensuring a safe future for space activities will require the development and deployment of systems that actively remove debris from Earth’s orbit. The first-ever International Conference on Orbital Debris Removal, held in December 2009 and co-hosted by the National Aeronautics and Space Administration (NASA) and Defense Advanced Research Projects Agency (DARPA), illustrated this growing concern. 
Mitigation alone isn’t enough – increasing collisions make removal key 

Megan Ansdell, ’10 – Grad Student @ George Washington University’s Elliot School of Int’l Affairs, where she focused on space policy. “Active Space Debris Removal: Needs, Implications, and Recommendations for Today’s Geopolitical Environment,” www.princeton.edu/jpia/past-issues-1/2010/Space-Debris-Removal.pdf. 

Efforts to reduce space debris have focused on mitigation rather than removal. Although mitigation is important, studies show it will be insufficient to stabilize the long-term space debris environment. In this century, increasing collisions between space objects will create debris faster than it is removed naturally by atmospheric drag (Liou and Johnson 2006). Yet, no active space debris removal systems currently exist and there have been no serious attempts to develop them in the past. The limited number of historical impact events fails to give the situation a sense of urgency outside the space debris community. Further, though mitigation techniques are relatively cheap and can be easily integrated into current space activities, active removal will require developing new and potentially expensive systems. The remainder of this paper addresses the current space debris debate and options to develop effective space debris removal systems. 
**AT: Weaponizaiton DA
AT: Weaponization DA – Impact Turn
Weaponization of space inevitable and good for the US

David 5 – Senior Space writer ( Leonard, “Weapons in space:Dawn of a New Era”, 06/17/05, http://www.space.com/325-weapons-space-dawn-era.html)

For more than a decade, the military utilization of space has become all the more important in warfighting. Since the Gulf War of 1991, using space assets has enabled air, land, and sea forces and operations to be far more effective. Space power has changed the face of warfare. So much so, particularly for the United States, skirmishes of the 21st century cannot be fought and won without space capabilities. That reliance has led to a key action item for U.S. space warriors: How best to maintain and grow the nation's space superiority and deny adversaries the ability to use space assets. That fact has prompted arguments as to the "weaponization" of space - from satellites killing satellites, exploding space mines, even using technology to make an enemy's spacecraft go deaf, dumb, or blind Leftover legacy The White House is now delving ilnto U.S. military space policy and what it sees as the need to reshape current national space policy, a leftover legacy document from the Clinton Administration. Clinton's unclassified National Space Policy was issued in September 1996. Among its proclamations: "Consistent with treaty obligations, the United States will develop, operate and maintain space control capabilities to ensure freedom of action in space and, if directed, deny such freedom of action to adversaries. These capabilities may also be enhanced by diplomatic, legal or military measures to preclude an adversary's hostile use of space systems and services." In a June 10 press briefing, White House spokesman, Scott McClellan, explained that the national space policy has been "undergoing an interagency review" because it hasn't been updated in several years. McClellan said that "we've seen a lot of dramatic changes, internationally and domestically, that affect our space policy. And that's why it needs to be updated." "But we believe in the peaceful exploration of space," McClellan continued. "And there are treaties in place, and we continue to abide by those treaties. But there are issues that relate to our space program that could affect those space programs that we need to make sure are addressed." As for the interagency review process of national space policy itself, McClellan added: "It's not looking at weaponizing space, as some reports had previously suggested. But the peaceful exploration of space also includes the ability of nations to be able to protect their space systems." Full spectrum dominance What the White House will spin up and out as new military space policy, nobody knows for sure. But already there's heated debate. At a meeting sponsored by the Nuclear Policy Research Institute on May 16 and 17 and held in Washington, D.C., various policy experts argued over the merits of "Full Spectrum Dominance". Theresa Hitchens, Vice President of the Center for Defense Information in Washington, D.C. is skeptical about what's in the offing from White House space policy wonks. Contrasted with the Clinton space policy, she feels it's a question of emphasis. The Bush policy will embrace a need to bolster U.S. military space, Hitchens predicted. It will provide a stronger incentive for military space operations to "ensure freedom of action in space" and for "space protection," she explained. "The new policy will be more military-oriented, rather than the heavily civil-oriented predecessor," Hitchens suggested. What's ahead is a shift of terminology, she added, a "playing with the words." As example, the term "freedom of action in space" is now a code phrase for "freedom to attack as well as freedom from attack," Hitchens emphasized, drawing the distinction from recently issued U.S. Air Force Counterspace Operations Doctrine. Tap on the shoulder to toast Hitchens points to current U.S. Air Force documents that state the need for anti-satellite capabilities. These "knock 'em dead" ideas range from hit-to-kill devices, electromagnetic pulses to lasers. "Anything from a tap on the shoulder to toast", she said, is not ruled out, including physical destruction of a target satellite. All are part of the counterspace portion of space control. Just how explicit will the new Bush space policy be on these matters? None of this detail is likely to be visible within the publicly released document, Hitchens said. "What I am suggesting is that the strategy of fighting 'in, from and through' space is already codified in official military documents. Those documents could not have been published without at least the tacit approval of the Pentagon civilian leadership and the White House." For Hitchens, what's coming is simply putting "the political chapeau on this strategy." It will support the space warfighting strategy, although probably in a rather subtle and understated way, she said. "The reason for the coyness is also obvious. The White House knows that the idea of space weaponization is publicly controversial. Therefore, they will seek to defuse this controversy by emphasizing the 'defensive' needs and approach," Hitchens advised. Time to weaponize space "The time to weaponize and administer space for the good of global commerce is now, when the United States could do so without fear of an arms race there." This is the view of Everett Dolman, Associate Professor of Comparative Military Studies in the School of Advanced Air and Space Studies at Maxwell Air Force Base, Alabama. No peer competitors are capable of challenging the United States, Dolman explained, as was the case in the Cold War, and so no "race" is possible. The longer the United States waits, however, the more opportunities for a peer competitor to show up on the scene. Dolman argues that, in ten or twenty years, America might be confronting an active space power that could weaponize space. And they might do so in a manner that prevents the United States from competing in the space arena. "The short answer is, if you want an arms race in space, do nothing now," Dolman said. Maintain the status quo For those that think space weaponization is impossible, Dolman said such belief falls into the same camp that "man will never fly". The fact that space weaponization is technically feasible is indisputable, he said, and nowhere challenged by a credible authority. "Space weaponization can work," Dolman said. "It will be very expensive. But the rewards for the state that weaponizes first--and establishes itself at the top of the Earth's gravity well, garnering all the many advantages that the high ground has always provided in war--will find the benefits worth the costs." What if America weaponizes space? One would think such an action would kick-start a procession of other nations to follow suit. Dolman said he takes issues with that notion. "This argument comes from the mirror-image analogy that if another state were to weaponize space, well then, the U.S. would have to react. Of course it would! But this is an entirely different situation," Dolman responded. "The U.S. is the world's most powerful state. The international system looks to it for order. If the U.S. were to weaponize space, it would be perceived as an attempt to maintain or extend its position, in effect, the status quo," Dolman suggested. It is likely that most states--recognizing the vast expense and effort needed to hone their space skills to where America is today--would opt not to bother competing, he said. Force enhancement There has been a clear shift in military space prowess over the last couple of decades, pointed out Nancy Gallagher, Associate Director for Research at the Center for International and Security Affairs at the University of Maryland, in College Park. "I don't see military uses of space as a dichotomy," Gallagher said, "for example, that it's either used for purely peaceful purposes, or it has already been 'militarized' or even 'weaponized'...and thus anything goes." Gallagher noted that both the United States and the former Soviet Union made military use of space from the outset, but primarily in support functions that were generally agreed to be stabilizing. "What has been happening over the past twenty-plus years is basically a shift from using space to help stabilize deterrence to using it for war-fighting purposes, she said. Today, that means primarily "force enhancement", Gallagher said, like the use of space-based communications, spysat imagery, as well as guidance systems to make U.S. conventional forces on land, sea, and air more lethal. But there are also increasing ambitions for space control and space force application capabilities, Gallagher said. Those include anti-satellite weapons, space-based missile defense, and weapons based in space that can hit targets on Earth. Political heat "I will be interested to see how forward-leaning the new presidential directive will be," Gallagher said, in terms of space control. Which steps have already been authorized and those than remain "options" needing future presidential decision remain to be seen, she said. The new Bush space directive may be interesting primarily as a signal of how much political heat the White House is willing to take by being explicit about its plans in order to try to institutionalize them, Gallagher said "I would like to see more debate on the Hill and among opinion leaders and the general public about what types of space-based military capabilities the United States really should be pursuing, given the actual nature of the threats and alternative means to address them," Gallagher concluded. Little to be gained...much to be lost "Space is indeed militarized, and has been since the 1960s," observed Craig Eisendrath, Senior Fellow at the Center for International Policy in Washington, D.C. "Placing weapons in outer space -- weaponization -- is different, and has not yet happened. Substantial research is being conducted but deployment has not occurred," he said. At stake, Eisendrath said, is not only the immense expense that would be incurred by an arms race in outer space. "There is also the serious threat that should space be weaponized, and battles fought, it would become quickly inoperable for the important commercial purposes it serves, particularly in communications. For this reason, there is an urgent need for more control." While Eisendrath is not optimistic that the Bush administration will desist from weaponization of space, he remains hopeful. "There is little to be gained and much to be lost, particularly given the serious state of our economy with mounting deficits and increasing instability. This could be an area where the administration prudently withdraws," Eisendrath said 
AT: Weaponization DA – Inevitable 
India will weaponize space by 2015

Gagnon 10 – coordinator of the Global Network Against Weapons & Nuclear Power in Space
[Bruce, 8/2/2010, “INDIAN GOVERNMENT SAYS NO TO GLOBAL NETWORK SPACE CONFAB” http://space4peace.blogspot.com/2010/08/indian-government-says-no-to-global.html]
We heard this morning that our October international space organizing conference that was to be held in Nagpur, India will not happen. For some strange undemocratic reason, our Indian hosts had to have the permission of their government in order to hold such an international peace confab. After shuffling the Indian organizers from one government office to another, the word finally came down from the External Affairs Ministry that it could not happen. There is likely a connection between Obama's planned trip to India next November and them turning down our conference for October. There can be no doubt that the Indian government feared angering the U.S. by allowing such a conference to happen just before Obama's trip. It is no secret that the U.S. has for several years been pushing India to develop a Space Command and to become a junior partner in the Pentagon's growing Star Wars program. Just a month ago we published our Space Alert! newsletter which had an article by Global Network board member Matt Hoey. The article was called "India Developing Space Weapons" and the opening paragraph read: Indian military officials have set a target date to deploy an ambitious anti-satellite (ASAT) system, according to a report released in May by the Defense Research and Development Organization (DRDO). The report, titled Technology Perspective and Capability Roadmap (TPCR), states that the "development of ASAT for electronic or physical destruction of satellites in both lower earth orbit (LEO) and Geo-synchronous orbits" can be expected by 2015. After publication of our newsletter Matt put his article up on several international web sites and there was an immediate response from the Indian government which strongly denied that they were pursuing an anti-satellite weapons test. I imagine this sequence of events might have made the Indian government a bit more worried about the potential of our October conference to expose their space weapons development plans even further. I must ask, what kind of government that calls itself a democracy forces NGO's wanting to hold a peace conference to have to request permission in the first place? That kind of politics sounds more like a totalitarian dictatorship to me. The U.S. aerospace industry sees the potential of the Indian space market and drools with delight. Despite the fact that India has 300 million people living in poverty, their growing economy represents a big market for the U.S. aerospace industry. And considering that India borders China, who the Pentagon is now militarily surrounding, ensures that the U.S. military sees the Indian continent as one more key outpost in its global military empire. Sadly, we see that India is now on its way to becoming another military colony of another declining empire. Mahatma Gandhi would be rolling over in his grave if he could see the steps that India is taking today to join the U.S. in the space militarization game. In it's 18th year of organizing such international space conferences, the Global Network has never had this experience of one particular country essentially blocking us from holding an educational meeting. Alternatively our Indian hosts have decided to go forward and still hold a conference anyway, albeit a national one rather than international. It is good that they plan to keep expanding the consciousness in their nation about the dangerous and provocative plans and consequences of India joining the U.S. Star Wars program. Luckily the Global Network did hold an international membership meeting in New York City this past May during the UN's NPT Review Conference. So we were able to take advantage of the fact that many of our members were in New York for those events and we could meet and share information with one another. We will now move ahead and begin work on our annual Keep Space for Peace Week of local actions during the period of October 2-9.

Space Weaponization inevitable – BMD and China Test prove

Stratfor 8 – Think Tank ( “United States: The Weaponization of Space”, 4/10/08, http://www.stratfor.com/analysis/united_states_weaponization_space)

In the 1950s, the United States began pushing for an international treaty on outer space — even before the 1957 launch of Sputnik atop a modified version of the world’s first intercontinental ballistic missile. Fortunes have changed somewhat in the last 50 years, and the Pentagon has little interest in taking on further legally binding constraints these days. This is especially true in space, where “weaponization” is not only inevitable, but already well under way. In 1967, Washington became party to the “Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, Including the Moon and Other Celestial Bodies” (better known as the Outer Space Treaty). This treaty was quickly and readily accepted, in part because of its utter lack of definitions. Aside from some fairly unequivocal language about prohibiting the deployment of nuclear weapons in outer space and more broad military activities on the moon and other celestial bodies, the treaty is much more a loose collection of very large holes than it is a constraint on sovereign national action in space. Since then, the military utility of space has begun to be realized. Today, it is a cornerstone of global military communications and navigation. In Iraq today, for example, the U.S. military uses the Global Positioning System (GPS) for everything from squad level maneuvers to joint direct attack munition (JDAM) delivery. Largely from facilities inside the continental United States, the Pentagon controls some unmanned aerial systems half a world away. GPS has given rise to a new degree of precision in guided weapons. Imagery from space-based surveillance platforms has become commonplace and the Defense Support Program constellation continually monitors the surface of the earth for the launch plume of a ballistic missile. It is an incredibly valuable military domain. And just as it has become more valuable, the United States has become increasingly dependent on it. Thus, space-based assets are susceptible targets for U.S. adversaries. Were the United States to lose these assets, its military capability on the ground would be severely affected. Any symmetric enemy knows that and will act to neutralize U.S. space capability. The United States knows that this attack will take place and must therefore defend the assets. In this sense, space is already a domain of military competition and conflict. There is no escaping it. In other words, space has already been weaponized, except that the actual projectiles are not yet located in space. Beijing’s 2007 and Washington’s recent anti-satellite weapons tests only emphasize this point. The United States’ satellite intercept demonstrated what STRATFOR has argued for some time — that ballistic missile defense (BMD) ultimately is about space. A defensive BMD interceptor was used in an inherently offensive role (one it would almost necessarily play as an interceptor capable of hitting a ballistic missile warhead hundreds of miles above Earth would be up to the easier task of hitting a satellite at the same altitude). BMD could well push the first “weapon” into space. The Missile Defense Agency is still working to secure funding from Congress for a space test bed to explore the role of space systems in BMD. While congressional funding is in question, there is broad bi-partisan support for BMD. And for strategic, intercontinental BMD, space is inherently superior to terrestrial basing for interceptors in terms of coverage, flexibility and response time. Put another way, while near-term funding for such projects remains questionable, those projects are the logical ultimate trajectory of the deliberate pursuit of BMD now underway. But BMD aside, the Pentagon intends to dominate space the same way it dominates the world’s oceans: largely passively, allowing the free flow of international traffic, but with overwhelming and unchallenged military superiority. That will include not only defending assets in space, but holding those of a potential adversary at risk. Currently, Washington can do much of this from the ground; it is not only able to destroy a satellite with a BMD interceptor, it is also honing the technology to deny and disrupt access to space systems. But the trajectory of development and the challenges that lie ahead will sooner or later dictate space-based weapons platforms (BMD is just one of a variety of potential justifications and applications). And since the United States intends to ensure that its dominance in space remains unrivaled, it will move preemptively to consolidate that control. At some point, that will include actual weapons in space. As has been said of other matters, the debate is over. Space is an integral part of U.S. military fighting capability, and therefore in all practical terms it has been weaponized
Space conflict inevitable but US can control conflicts from escalating

Hyten 2k – Professor at University of Illinois Urbana-Chambaign.

(John E, “A Sea of Peace or a Theater of War: Dealing with the Inevitable Conflict in Space. Program in Arms Control, Disarmament and International Security. April 2000.)
If history is any indication, many scenarios involving conflict in space are almost certain to occur in the future. Each frontier that humans have entered has eventually ended up as a theater of warfare. On the other hand, the opportunities are there today for the United States, because of its unique position as the world's sole remaining superpower, to make the decisions and take the actions that will allow the world to more peacefully resolve these conflicts -- conflicts that will naturally come in the development of the frontier of space. There are, however, and will continue to be, significant pressures that impact the development of the frontier of space. These pressures come from both economic activity and military desires and necessities. Both commerce and the military have tracked the frontier as it moved from land to sea to air, and they are continuing to follow the frontier into space. Commerce has always been driven by the need for access (and quicker access) to new markets and resources. The military continues to be driven by the need to protect both the core of a nation and that nation's interests in the frontier. How the United States responds to these pressures -- pressures that inevitably create conflict -- will define space, and the use of space, in the next century.
Space weaponization inevitable without the plan

Scheetz 6, JD from Georgetown, executive editor Georgetown Environmental Law Review. 

[ Lori "Infusing Environmental Ethics into the Space Weapons Dialogue." Georgetown International Environmental Law Review. Vol. 19, No. 1 (Fall 2006): 57-82. LEXIS] AK
Thus far, research for U.S. space weapons includes: (1) the ballistic missile defense system (BMDS); (2) the Experimental Spacecraft Systems, which are microsatellites that can disturb and disrupt other satellites; (3) the Near Field Infrared Experiment, which encompasses tests for destroying objects in orbit; (4) the Microsatellite Propulsion Experiment, which involves launching kill vehicles to destroy satellites; and (5) the Hypervelocity Rod Bundles (dubbed "Rods from God"), which plunge from space to destroy targets on Earth. Further, the United States is still pursuing laser research, along with the Kinetic Energy Interceptor, which could operate as an anti-satellite weapon, and the Kinetic Energy Anti-Satellite Weapon (KE-ASAT), a weapon designed to launch from Earth to destroy orbital satellites with energy equivalent to an explosion of almost one ton of TNT. While all of these potential space weapons are still in the research and development stage, the sheer number of programs currently being funded points to the imminence of space weaponization. Illustrating this point, the Department of Defense's budget proposal for the 2007 fiscal year includes funding for "a missile launched at a small satellite in orbit, testing a small space vehicle that could disperse weapons while traveling at twenty times the speed of sound, and determining whether high-powered ground-based lasers can effectively destroy enemy satellites."

AT: Weaponizaiton DA – No link
Current international engagement efforts to clean debris disprove the link

Rose 10
[Frank A. Rose Deputy Assistant Secretary, Bureau of Arms Control, Verification and Compliance, Remarks at the USSTRATCOM Space Symposium. “International Cooperation: Furthering U.S. National Space Policy and Goals” November 2, 2010 http://www.state.gov/t/avc/rls/150316.htm]

As was discussed earlier, congestion in space is becoming an increasingly difficult challenge and addressing it will require international action. There are now around 21,000 pieces of space debris in various Earth orbits – in other words, about 6,000 metric tons of debris orbiting the Earth. Some of this debris was created accidentally through collisions or routine space launches, some was intentional such as the Chinese ASAT test in 2007. Not only is there a direct economic impact to this debris, it also adds to the overall magnitude of hazards in critical orbits, such as those used by the space shuttle and the International Space Station. For example, the space shuttle is impacted by debris repeatedly on every mission. In fact, debris poses the single largest threat to the shuttle and to the astronauts onboard during these missions. The typical risk of the space shuttle being critically impacted by debris is about one in 250. To address the growing problem of orbital debris, the United States plans to expand its engagement within the United Nations and with other governments and non-governmental organizations. We are continuing to lead the development and adoption of international standards to minimize debris, building upon the foundation of the U.N. Space Debris Mitigation Guidelines. The United States is also engaged with our European allies and partners and other like-minded nations on a multi-year study of “long-term sustainability” within the Scientific and Technical Committee of the U.N. Committee on the Peaceful Uses of Outer Space, or COPUOS. This effort will provide a valuable opportunity for cooperation with established and emerging space actors and with the private sector to establish a set of “best practice” guidelines that will enhance space-flight safety. In collaboration with other space-faring nations, the United States is also pursuing research and development of technologies and techniques to mitigate on-orbit debris, reduce hazards, and increase our understanding of the current and future debris environment. These activities provide valuable opportunities and benefits for expanded international cooperation with the global space-faring community and the private sector, and also contribute to preserving the space environment for future generations. 
Laser won’t be used as a weapon it’s inefficient

Rogers 97 (Mark, Lieutenant colonel USAF, http://www.bibliotecapleyades.net/ciencia/ciencia_laser02a.htm#contents, “Lasers in Space,” November 1997, JMN)
Obviously, the next few pages cannot give a thorough summary of this complex topic, but the generalizations below should give a fairly accurate appraisal of these seven concepts. Most of the concepts are variants of the SBL weapon concept, with the exception of the GBL ASAT concept where the laser is based on the ground. This concept is included (1) for comparison to SBLs and (2) because the GBL beam may be bounced off relay mirror satellites to accomplish its mission. Some of the relay mirror challenges overlap with some of the technological challenges for SBLs. A few general comments should be made about laser weapons. There is no doubt that a high-energy laser can cause substantial damage to a target, as is routinely done with laser welders for industrial applications and medical lasers for a wide variety of surgeries. Damage of militarily significant targets has been demonstrated with the destruction of air-to-air missiles with the Airborne Laser Laboratory and a pressurized booster tank with the MIRACL laser. The key advantages of a laser weapon is the speed-of-light, straight-line delivery of the energy with little concern about windage and ballistic effects, as discussed in an earlier section. However, laser weapons are inherently inefficient ways of destroying targets.

Medium powered lasers solves- diverts debris away from threats and not perceived as weaponization

Choi 11- freelance journalist for New York Times and Scientific American, Masters from University of Missouri- Columbia

(Charles Q., March 17, http://www.space.com/11157-nasa-lasers-shooting-space-junk.html, 2011) MR

Instead of going up into space to bring down garbage, scientists have suggested remaining on the ground and zapping it with lasers. A 1996 study from NASA dubbed Project ORION that was co-sponsored by the U.S. Air Force proposed using powerful beams to vaporize surface material on targets, providing enough recoil to drive it Earthward. The problem, of course, is that such lasers could be seen as weapons threatening other spacefaring nations. Now, Mason and his colleagues at NASA Ames Center and Stanford University suggest much less powerful and far cheaper lasers that can push debris without damaging it. Light can exert a push on matter, a fact that scientists have used to develop solar sails that can fly through space on sunlight. The researchers suggest that a medium-power commercially available laser with a 5-to-10-kilowatt beam constantly focused on a piece of debris could work, located someplace such as the Plateau Observatory in Antarctica. As an example, they considered a real mid-size piece of debris — ASTRO-F, a discarded lens cap 31 inches (80 centimeters) wide and 11 pounds (5 kilograms) in mass from the Japanese Akari telescope in a near-circular orbit about 434 miles (700 kilometers) in altitude. A laser at PLATO shining on this piece of junk for about two hours over the course of two days could move it away from a dangerous orbit. "This is truly a unique approach to the problem," Mason told SPACE.com. "Most previous work has focused on removing debris, which is a more complex and costly proposition. What we have suggested is simply to prevent collisions on a case-by-case basis and allow the debris to continue to decay in their orbits naturally due to atmospheric drag." "It will require more research to confirm, but we suspect that if this is done for enough debris objects, then it might be able to stabilize the population and slow the Kessler syndrome," he added. 
AT: Weaponization DA – Plan Solves
Space Debris is as worse as space weapons and recognition of space debris helps solve the threat of space weapons

Tehran times 10

[12/25/2010, “Space junk rivals weapons as a major threat” http://www.tehrantimes.com/Index_view.asp?code=232812]
What began as a minor trash problem in space has now developed into a full-blown threat. A recent space security report put the problem of debris on equal footing with weapons as a threat to the future use of space. Hundreds of thousands of pieces of space junk — including broken satellites, discarded rocket stages and lost spacewalker tools — now crowd the corridors of Earth orbit. These objects could do serious damage to working spacecraft if they were to hit them, and might even pose a risk to people and property on the ground if they fall back to Earth and are large enough to survive re-entering the atmosphere. The new Space Security 2010 report released by the Space Security Index, an international research consortium, represented space debris as a primary issue. Similar recognition of the orbital trash threat also emerged in the U.S. national space policy unveiled by President Obama in June 2010. Such growing awareness of the space debris problem builds on stark warnings issued in past years by scientists and military commanders, experts said. It could also pave the way for U.S. agencies and others to better figure out how to clean up Earth orbit. Consideration of space debris as a major threat may cause the United States to take a more global view on the threat of space weapons, said Brian Weeden, a former U.S. Air Force orbital analyst and now technical adviser for the Secure World Foundation, an organization dedicated to the sustainable use of space. “This is an important realization, because before that much of the security focus was on threats from hostile actors in space,” Weeden explained. “This is the first [national policy] recognition that threats can come from the space environment and nonhostile events.” All those bits of garbage in space could eventually create a floating artificial barrier that endangers spaceflight for any nation, experts said. Even fictional space navigator Han Solo might prefer to risk turbolaser blasts from Imperial starships rather than hazard Earth's growing cloud of space debris, where objects whiz by at up to 4.8 miles per second (7.8 km/s). The possibility of a damaging collision between spacecraft and orbital junk only continues to grow with more functional and nonfunctional hardware flying above Earth. Both the International Space Station and space shuttle missions have been forced to dodge space debris in the past. More than 21,000 objects larger than 4 inches (10 centimeters) in diameter are being tracked by the Department of Defense's U.S. Space Surveillance Network. Estimates suggest there are more than 300,000 objects larger than 0.4 inches (1 cm), not including several million smaller pieces. The “shuttle was more likely to be wiped out by something you didn't see than something you were dodging,” said Donald Kessler, a former NASA researcher and now an orbital debris and meteoroid consultant in Asheville, N.C. But the problem has become much worse since Kessler began studying the issue decades ago with Burton Cour-Palais, a fellow NASA researcher. Their 1978 research described how the debris cloud might continue expanding on its own because of an ever-higher probability of collisions that built upon each past collision. That prediction, known as the Kessler Syndrome, may have already been realized. China's intentional destruction of an aging weather satellite during a 2007 anti-satellite test created about 2,500 pieces of new debris in Earth orbit. More recently, a U.S. Iridium communications satellite and a defunct Soviet Cosmos spacecraft were destroyed in an unintended head-on collision in 2009. That incident added more than 1,000 pieces of trackable debris to the mess, adding to the number of possible targets and therefore upping the chances of future collisions. The overall trackable amount of space debris grew by about 15.6 percent, according to the Space Security 2010 report. NASA and other U.S. agencies could use national space policy as a chance to aggressively pursue solutions, such as using spacecraft propelled by solar radiation (solar sails) or other objects to take down a few select pieces of debris, experts said. “If we only bring down four objects per year, we can stabilize [the debris field] if we carefully select those most likely to contribute to debris,” Kessler told SPACE.com. The national space policy shift shows that policymakers have finally begun to take action based on the work of Kessler and other researchers, Weeden said. “This policy basically sets the playing field for what is to come,” Weeden said. “It's an enabler, not the actual solution itself.” 

 

**MISCELLANEOUS**

Iran Space Threat

Iran is scary in space

Pfaltzgraff 09, president Institute Foreign Policy Analysis and PhD Professor at Tufts University

[“Space and U.S. Security: A Net Assessment” January 2009, Institute for Foreign Policy Analysis, principal investigator Robert Pfaltzgraff, PhD and President of IFPA, Professor of International Security Studies at The Fletcher School of Law and Diplomacy at Tufts University http://www.ifpa.org/pdf/Space_and_U_S_Security_Net_Assessment_Final_Dec15_08.pdf] AK
This effort is closely linked to Iran’s growing interest in space. In October 2005, Iran became the first space nation in the Muslim world when it launched a surveillance satellite on a Russian rocket from Russia’s missile base at Plesetsk. Since then, Iran has made great strides toward development of an indigenous space launch capability. In February 2007, it successfully carried out an initial test of a “space rocket” built in Iran; and a year later unveiled its first space center, with Tehran claiming that it had now “joined the world’s top 11 countries possessing space technology to build satellites and launch rockets into space.” These advances, experts say, have the ability to amplify and expand Iran’s ballistic missile program, since a space launch vehicle (SLV) is similar in technology and function to the booster on an intercontinental ballistic missile. Concern has recently grown regarding the pace of Iran’s space technology development, catalyzed by the February 2007 launching of a “sounding rocket” 33 miles into orbit. Beyond the Sina-1), Iran may also have at least 4 other multilateral satellite projects in various stages of development.
Chinese Space Station Internals

CNSA developing space station and advanced space technology

Morring, 9 - * Senior Editor at Space Aviation Week, Recipient of the National Space Clubs Media Award 

(10/19/09, Aviation Week & Space Technology, “China’s Long View,” http://www.lexisnexis.com.proxy.lib.umich.edu/hottopics/lnacademic/?)

The management-level Manned Space Engineering Office and the Manned Space Engineering Program, which handles the technical side of the human-spaceflight effort, draw their funding from the Chinese military. All of the nation’s astronauts are military pilots; but like their counterparts from the U.S. and Russia, they do not wear their uniforms at international gatherings such as the IAC, and program officials downplay the military link when questioned about it. Dong and other officials here offered no details about the human lunar concept study, which has been mentioned in Chinese-language technical publications but not announced at an international forum before. Instead, they elaborated on plans to continue gaining spaceflight experience by building toward the 60-ton, three-person space station and to follow up the second Chang’e lunar orbiter—which is set for launch next year—with a robotic lander, rover and eventually a sample-return mission. The first miniature space station, Tiangong 1, is under construction and still scheduled to go into orbit in 2011 to serve as a docking target for the Shenzhou 8 spacecraft, which will be unmanned. If that goes well, China will move into a series of manned rendezvous and docking tests with Tiangong 1. Wang says there will be two or three Tiangongs, which officials previously said will weigh 8.5 tons. A Tiangong will be set up as a space laboratory in 2013. Astronauts will use it to practice medium-term stays in orbit and to perform scientific experiments. «By operating the space laboratory, China will accumulate experience in building, managing and operating the future space station,» says Dong. Since China’s upcoming heavy-lift launcher, the Long March 5, will not go into service until 2014, the laboratory’s mass will be limited by the throwweight of the current Long March series, the most powerful of which can lift 13 tons to low orbit. A robotic cargo craft also is planned to resupply the larger space station, and Wang says it will be structurally related to the Tiangong series. The docking port China is developing for the Shenzhou 8 mission is similar in diameter to, but not compatible with, the Russian-designed system used on the ISS, Wang says. However, China would be interested in hearing any suggestions that could lead to an international docking-interface standard, he notes. A concept plan has been finished for the 60-ton space station, which would follow around 2020 (the previous target was «by 2020»). It will be assembled in orbit from three modules, matched to the capability of the Long March 5 and launch from the low-latitude site under construction on Hainan Island. China has said at least one of the station modules will weigh 20 tons; the others are likely to be close to that. Designed to sustain a crew of three for long-duration missions, the station would orbit at an altitude of 400-450 km. (248-280 mi.) and an inclination of 42-43 deg, with a planned service life of 10 years. The ISS, with a mass of about 300 tons, generally orbits at an altitude less than 400 km. and at an inclination of 51.6 deg., with accommodation for six. It began service in 2000 and—if the recommendations of the Augustine panel reviewing the future of U.S. human spaceflight are followed—would be shut down in 2020, just as the Chinese station becomes operational. While China builds up experience with human spaceflight in low orbit, it will continue sending robotic probes to the Moon before bringing the two strands together with a possible manned landing. The next lunar mission will be Chang’e 2, due to be launched next October, following the successful Chang’e 1 mission of 2008-09. The Chang’e 2 probe was previously a backup for its predecessor and will orbit the Moon at an altitude of 100 km. Its equipment will include a camera with a resolution of better than 10 meters (33 ft.). Chang’e 3 will land on the Moon, executing the second phase of the robotic lunar exploration plan. The 3,750-kg. (8,250-lb.) spacecraft is due to be launched in 2012 directly to the Moon without first orbiting the Earth, inserted into a 100 X 100-km. orbit that will be adjusted to 100 X 15 km. When the vehicle reaches the 15-km. perigee, its engine will begin reducing its velocity from 1.7 km./sec. to about zero, turning it to a vertical attitude before the craft reaches an altitude of 2 km. The lander will hover at 100 meters, moving horizontally to avoid any hazards, and then slowly descend to 4 meters, at which point its engine will shut down for a free fall to the surface. The lander will carry a rover. The scientific objectives include investigating the geological structure of the Moon, its material composition, internal structure and usable materials, and «to build up an observatory» based on the Moon. A later mission «before 2017» will be aimed at bringing lunar samples back to Earth. China is also looking at sending a probe to Mars, using the experience and infrastructure developed with the Chang’e missions.

CNSA seeks international Cooperation 

Morring, 9 - * Senior Editor at Spa

e Aviation Week, Recipient of the National Space Clubs Media Award 

(10/19/09, Aviation Week & Space Technology, “China’s Long View,” http://www.lexisnexis.com.proxy.lib.umich.edu/hottopics/lnacademic/? )
Previously circumspect, Chinese space officials are out front now about their interest in sending their astronauts to the Moon on their own, even as they worked the halls of the International Astronautical Congress (IAC) here to establish closer outside links for human-spaceflight cooperation. Dong Nengli of China’s Manned Space Engineering Program says his organization—which developed the Shenzhou human spacecraft and is planning an unpiloted orbital rendezvous and docking experiment in 2011—is already looking beyond the planned deployment of a 60-ton Chinese station in 2020. «During the course of the third step of the China manned-spaceflight program, we will conduct a manned lunar mission conception study, validate the key technologies and finally pave the way for manned lunar exploration,» Dong told a press conference on his country’s space program on Oct. 15. Chinese officials stress that there has been no government approval for a manned lunar landing, and they say China would «welcome» a chance to join the larger international exploration effort that has coalesced around the International Space Station. «If the Americans and the International Space Station [partners] put forward this kind of cooperation suggestion, we would definitely really welcome these suggestions,» says Wang Jongqui, deputy chief designer of the Manned Space Engineering Program. «We would seriously take that into consideration.» To that end, Wang and his delegation—which included Chinese spacewalker Zhai Zhigang—met with representatives of the French and German national delegations to the congress here. Their presence at the IAC marks a change in the public face of China’s space program, which in the past has sent representatives of the civilian China National Space Agency (CNSA) to the annual event.

Chinese Space Station may be cause for contention

CSM, 10 

(3/26/10, Peter N. Spotts, The Christian Science Moniter, “In bid for space station status, China to build 'Heavenly Palace'; China is building the Tiangong 1, or Heavenly Palace, to join the International Space Station in permanent orbit in 2011. Both China and the US are wary of working too closely, even in space,” http://www.lexisnexis.com.proxy.lib.umich.edu/hottopics/lnacademic/?)
The crew of the International Space Station (ISS) may want to draw up a large "Welcome to the Neighborhood" sign. China has announced plans to launch a modest space station of its own next year. Initially, the 8.5-metric-ton module will be unmanned, providing a target that China's budding human-spaceflight program can use to practice on-orbit dockings. If all goes well, however, taikonauts (Chinese astronauts) will move in. After launching its first taikonaut into space in October 2003, China is now moving methodically and deliberately to catch up with other major space-faring nations. China's module, floridly named Tiangong 1 (Heavenly Palace), represents the first step in the country's three-stage plan to assemble an orbiting lab. This first step is more akin to NASA's Skylab, a converted second stage from Apollo-era Saturn V rockets that was launched in 1973. It hosted three crews between 1973 and 1974. As currently envisioned, China's final facility would be a collection of modules comparable to Russia's Mir space station. Moscow took the 10-year-old Mir out of orbit in 1996 after becoming a partner in the NASA-led ISS project. Beijing's motivesTo some extent, China may be driven by station envy, suggests Dean Cheng, a specialist on Chinese space and security issues at the Heritage Foundation in Washington. At the time, Russia had Mir in orbit. The United States and its Western partners had embarked on a space-station program and were only a year away from bringing Russia into the partnership. China wasn't invited. "If you don't have a car, you might want one, even though your neighbor has a very nicely tricked-out Cadillac or BMW," Mr. Cheng says. That desire has been fueled by the role human spaceflight has played in helping to establish a country's international standing, he adds. "When you look at what China has said about space, one of the issues that's very important is the role of advanced science and technology in building what the Chinese call comprehensive national power," Cheng explains. "Are you derivative, or are you self-sufficient" in science and technology? "Space, rightly or wrongly, is one of the crown jewels" in China's effort to strive for scientific and technological self-sufficiency, he says. Others, such as Gregory Kulacki, a senior analyst with the Union of Concerned Scientists who focuses on China and national security issues, note that in discussions with Chinese scientists and engineers, they cast the country's space program in terms of ensuring "a place for one's mat" - the Chinese version of a seat at the table - on the global space- exploration stage. Why not join us at the ISS? One potential place for China's mat is to join the ISS. Under President Obama's proposed overhaul of NASA's human spaceflight program, the US would remain active on the station through at least 2020. But many in and out of Congress worry that closer cooperation could lead to US space technologies finding their way to China's military or to rogue states via China. China's human-rights record also comes up, as well as concerns over the US losing its superiority in what many military strategists see as the And while decisions about the future of the program are made politically, the program's day-to-day operation is in the ultimate high ground. hands of China's military, a rather opaque institution, several China specialists note. Yet more US-Chinese space cooperation, at least for now, could be a nonstarter within China, too. People in China's space community are uneasy with more US cooperation, despite the first overtures from Washington in "a very long time," says Joan Johnson-Freese, a specialist on China's space program at the US Naval War College in Newport, R.I. China has carefully set out a path for human spaceflight, and despite some delays in the timetable, it's sticking to that program, she says. Working at their own pace"They are more comfortable with a tortoiselike, incremental-move-forward approach as opposed to Mr. Toad's Wild Ride," Ms. Johnson-Freese says. Dr. Kulacki agrees. In discussions he says he's had with Chinese involved in the space program, the Chinese take offense at the US holding out cooperation as some kind of carrot in exchange for policy changes more to Washington's liking. "They say they don't need our money or our technology," Kulacki says. "If they do cooperate with the US, it will only be because the political authorities in China force them to." China's initial module would host three crew members once the country has demonstrated an ability to dock on orbit. Taingong 1 would be replaced between 2012 and 2017 with a more capable module and a cargo carrier. By 2020, the country plans to loft a station with a 20-metric-ton core, a pair of labs, and an ability to dock four craft at the station simultaneously. It would give China almost as much working space as the ISS. China appears aimed at laying the foundation for living and working in space for long periods of time, as is the case with the ISS. Experiments are expected to focus on human, plant, and animal adaptation to microgravity and materials research. What happens after 2020 is unclear, Kulacki says. He suspects landing humans on the moon is being hotly debated at the moment, assuming a decision is still pending.

Tungsten Fails

Tungsten dust cloud doesn’t work

Wilkins 11

[Alasdair, Columnist, “Why a tungsten dust cloud could help solve the space junk crisis” http://io9.com/5791767/why-a-tungsten-dust-cloud-could-help-solve-the-space-junk-crisis, 4/13/11]
After fifty years of space exploration, humanity has left well over 5000 tons of debris up there, and the ever growing pile of space junk poses a serious risk to spacecraft. Now there's a solution...and it's only slightly crazy. Space debris is generally characterized as either large enough to be tracked or too small to be seen, with the cutoff placed at around 10 centimeters across. There's estimated to be just under 20,000 pieces of large junk, 500,000 pieces between 1 and 10 centimeters, and tens of millions that are smaller than a centimeter across. Even these very small pieces can pose a serious risk to functioning spacecraft because they all travel at such high speeds, which makes the fact that we can't actually track them even more problematic. That's where Gurudas Ganguli and his colleagues at the US Naval Research Laboratory enter the picture. His idea is to send up many tons of the metal tungsten up into space. This tungsten, which would be in dust form, would then be spread throughout the upper atmosphere so that it eventually formed a thin cloud around the entire planet. The tungsten would then start sticking to the tiny space junk, and because tungsten is so heavy it would push the junk to fall back towards Earth, where both would burn up in reentry. Here's the big problem with the idea - there's no guarantee that the tungsten would make us any better off. If the tungsten dust started coalescing into balls of metal, they would remain up in orbit and become still more space junk for us to contend with. In fact, they might even form a minor ring system around Earth much like those found around the gas giants. Admittedly, that's actually kinda cool, but it would still only add to the dangers of continued space exploration. The fact of the matter is that, in all likelihood, there's only one sure-fire way to get rid of the space junk, and that's to hope that someone soon sees the potential financial rewards of becoming an outer space garbageman. That's more or less how our terrestrial trash collection problems have always been solved, after all. 

Space Debris Kills SpaceCol

Space Debris can multiply and makes space habitation uninhabitable

Broad 7 – Writer for the Ny Times ( William J., “ Orbiting Junk, Once a Nuisance, Is Now a Threat”, 2/6/07, http://www.nytimes.com/2007/02/06/science/space/06orbi.html)

For decades, space experts have worried that a speeding bit of orbital debris might one day smash a large spacecraft into hundreds of pieces and start a chain reaction, a slow cascade of collisions that would expand for centuries, spreading chaos through the heavens. In the last decade or so, as scientists came to agree that the number of objects in orbit had surpassed a critical mass -- or, in their terms, the critical spatial density, the point at which a chain reaction becomes inevitable -- they grew more anxious. Early this year, after a half-century of growth, the federal list of detectable objects (four inches wide or larger) reached 10,000, including dead satellites, spent rocket stages, a camera, a hand tool and junkyards of whirling debris left over from chance explosions and destructive tests. Now, experts say, China's test on Jan. 11 of an antisatellite rocket that shattered an old satellite into hundreds of large fragments means the chain reaction will most likely start sooner. If their predictions are right, the cascade could put billions of dollars' worth of advanced satellites at risk and eventually threaten to limit humanity's reach for the stars. Federal and private experts say that early estimates of 800 pieces of detectable debris from the shattering of the satellite will grow to nearly 1,000 as observations continue by tracking radars and space cameras. At either number, it is the worst such episode in space history. Today, next year or next decade, some piece of whirling debris will start the cascade, experts say. ''It's inevitable,'' said Nicholas L. Johnson, chief scientist for orbital debris at the National Aeronautics and Space Administration. ''A significant piece of debris will run into an old rocket body, and that will create more debris. It's a bad situation.'' Geoffrey E. Forden, an arms expert at the Massachusetts Institute of Technology who is analyzing the Chinese satellite debris, said China perhaps failed to realize the magnitude of the test's indirect hazards. Dr. Forden suggested that Chinese engineers might have understood the risks but failed to communicate them. In China, he said, ''the decision process is still so opaque that maybe they didn't know who to talk to. Maybe you have a disconnect between the engineers and the people who think about policy.'' China, experts note, has 39 satellites of its own -- many of them now facing a heightened risk of destruction. Politically, the situation is delicate. In recent years China has played a growing international role in fighting the proliferation of space junk. In 2002, for instance, it joined with other spacefaring nations to suggest voluntary guidelines for debris control. In April, Beijing is to play host to the annual meeting of the advocacy group, known as the Inter-Agency Space Debris Coordination Committee. Donald J. Kessler, a former head of the orbital debris program at NASA and a pioneer analyst of the space threat, said Chinese officials at the forum would probably feel ''some embarrassment.'' Mr. Kessler said Western analysts agreed that China's new satellite fragments would speed the chain reaction's onset. ''If the Chinese didn't do the test, it would still happen,'' he said. ''It just wouldn't happen as quickly.'' Last week in Beijing, a foreign ministry spokeswoman failed to respond directly to a debris question. Asked if the satellite's remains would threaten other spacecraft, she asserted that China's policy was to keep space free of weapons. ''We are ready to strengthen international cooperation in this regard,'' the spokeswoman, Jiang Yu, told reporters. Cascade warnings began as early as 1978. Mr. Kessler and his NASA colleague, Burton G. Cour-Palais, wrote in The Journal of Geophysical Research that speeding junk that formed more junk would produce ''an exponential increase in the number of objects with time, creating a belt of debris around the Earth.'' During the cold war, Moscow and Washington generally ignored the danger and, from 1968 to 1986, conducted more than 20 tests of antisatellite arms that created clouds of jagged scraps. Often, they did so at low altitudes from which the resulting debris soon plunged earthward. Still, the number of objects grew as more nations launched rockets and satellites into orbit. In 1995, as the count passed 8,000, the National Academy of Sciences warned in a thick report that some crowded orbits appeared to have already reached the ''critical density'' needed to sustain a chain reaction. A year later, apprehension rose as the fuel tank of an abandoned American rocket engine exploded, breaking the craft into 713 detectable fragments -- until now, the record. Amid such developments, space experts identified the first collisions that threatened to start a chain reaction, putting analysts increasingly on edge. On Jan. 17, 2005, for instance, a piece of speeding debris from an exploded Chinese rocket collided with a derelict American rocket body that had been shot into space 31 years earlier. Warily, investigators searched though orbital neighborhoods but found to their relief that the crackup had produced only four pieces of detectable debris. A year later, Mr. Johnson, the chief scientist for NASA's orbital debris program, and his colleague J. -C. Liou, published an article in the journal Science that detailed the growing threat. They said orbits were now so cluttered that the chain reaction was sure to start even if spacefaring nations refrained from launching any more spacecraft. ''The environment is unstable,'' they wrote, ''and collisions will become the most dominant debris-generating mechanism.'' It was in this atmosphere of rising tension that China last month fired a rocket into space that shattered an old weather satellite -- its first successful test of an antisatellite weapon. David C. Wright, a senior scientist at the Union of Concerned Scientists, a private group in Cambridge, Mass., calculated that the old satellite had broken into 1,000 fragments four inches wide or larger, and millions of smaller ones. Federal sky-watchers who catalogue objects in the Earth orbit work slowly and deliberately. As of yesterday, they publicly listed 647 detectable pieces of the satellite but were said to be tracking hundreds more. The breakup was dangerous because the satellite's orbit was relatively high, some 530 miles up. That means the debris will remain in space for tens, thousands or even millions of years. Mr. Kessler, the former NASA official, now a private consultant in Asheville, N.C., said China might have chosen a relatively high target to avoid directly threatening the International Space Station and its astronaut crew, which orbit at a height of about 220 miles. ''Maybe the choice was to endanger the station in the short term or to cause a long-term problem,'' he said. ''Maybe that forced them to raise the orbit.'' Even so, the paths of the speeding Chinese debris, following the laws of physics and of celestial mechanics, expanded in many directions, including upward and downward. As of last week, outliers from the central cloud stretched from roughly 100 miles to more than 2,000 miles above the Earth. A solution to the cascade threat exists but is costly. In his Science paper and in recent interviews, Mr. Johnson of NASA argued that the only sure answer was environmental remediation, including the removal of existing large objects from orbit. Robots might install rocket engines to send dead spacecraft careering back into the atmosphere, or ground-based lasers might be used to zap debris. The bad news, Mr. Johnson said in his paper, is that ''for the near term, no single remediation technique appears to be both technically feasible and economically viable.'' If nothing is done, a kind of orbital crisis might ensue that is known as the Kessler Syndrome, after Mr. Kessler. A staple of science fiction, it holds that the space around Earth becomes so riddled with junk that launchings are almost impossible. Vehicles that entered space would quickly be destroyed. In an interview, Mr. Kessler called the worst-case scenario an exaggeration. ''It's been overdone,'' he said of the syndrome. Still, he warned of an economic barrier to space exploration that could arise. To fight debris, he said, designers will have to give spacecraft more and more shielding, struggling to protect the craft from destruction and making them heavier and more costly in the process. At some point, he said, perhaps centuries from now, the costs will outweigh the benefits. ''It gets more and more expensive,'' he said. ''Sooner or later it gets too expensive to do business in space
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