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Part	I.	Introduction	
 A grainy voice sounds over a radio: T-minus 30 seconds. The video is hazy with 
fog, the white tip of the rocket barely protruding above the descended stratus cloud. 
Another voice sounds over the video: T-minus 15. At ten seconds to go, two voices state 
the number almost simultaneously, and one begins counting down like a sports announcer 
detailing a breakaway football run. At two seconds, the engines fire, sending a bright 
burst of yellow-orange into view. A calm succession of voices follow the liftoff, detailing 
various aspects of the rocket’s progress, the din of thrusters beating in the background.  
 
“Velocity is 280 millimeters per second…”  
“First stage propulsion remains nominal…” 
 
The video moves from color to grayscale and is crackling dangerously, the rocket almost 
completely out of view. The image is black around the edges. Curved. Looking like 
something out of Dr. Strangelove or a 1960s Cold War propaganda short.  
 
“Launch plus two minutes.” 
“Vehicle is supersonic.” 
“Vehicle has reached maximum aerodynamic pressure.”  
 
Two people begin talking over one another awkwardly and the video finally shoots to the 
‘situation room.’ A number of humans behind dual monitors folded like wings.  
 
“Flight calls coming from the SpaceX launch and control center on North Vandenberg 
Air Force Base…”  
“And the ferring is off! Applause here at the Mission Directive Center.”  
There is polite clapping, and the video ends.  
 
 The launch of JASON-3 was a feat of international collaboration, a lofty goal of 

monitoring climate change brought to materiality in the form of a 566 pound rectangular 

hunk of metal interrupted by awkward disclike protrusions and other objects (one of 

which looks like a miniature RPG launcher). It looks messy, haphazard and, frankly, 

unattractive—much like the messy work-net that enacted it.  

 This messy work-net physically spans across the Atlantic Ocean from the 

National Oceanic and Atmospheric Administration and NASA in the United States to 

EUMETSAT in Germany to CNES in France and JAXA in Japan. This satellite program 
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was also part of a vast international effort to better understand the ocean and Earth 

systems, and forms part of a larger United States-centric network called the Earth 

Observing System and an international effort called the World Ocean Circulation 

Experiment that each spanned many countries and two decades. This thesis will focus on 

the process of forging ties and relationships that acted to produce Jason-3—the relational 

spaces—as well as the centers of calculation—the physical spaces—that comprise the 

disaggregated Geography of Jason-3. To describe the story of Jason-3 I will be using 

Actor-Network Theory, a method that will help me to open the black box of satellites—

and, more broadly, humanized outer space—to the scrutiny of Geography, which is 

uniquely equipped to explore the heterogeneity and complexity of the anthropocentric 

Final Frontier.  

 Outer space has been colonized by technology as much as it has been colonized 

by humans—but we nary acknowledge the intricate and novel relationships between 

humans, technology and terra firma that have combined to create a humanized outer 

space. Rhetoric focuses almost solely on the human aspect of this trifecta, situating it at 

the Westphalian nation-state level and obscuring the reality of how satellites are 

envisaged, produced and how they, in turn, shape human life on earth.    

 The case study of Jason-3 is by no means representative of all satellite programs, 

but it is a unique study of how, where and by whom this satellite program came to 

fruition. It also looks at this program’s eventual impacts on terra firma because, as we 

well can imagine, satellites do things for humans. In the interests of not blaspheming 

Actor-Network Theory, I will not pose questions too general and will, instead, leave the 
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readers to come to their own conclusions about what this case study might mean beyond 

this immediate program. Thus, the research questions this thesis asks are: 

 1.) How was the work-net that formed Jason-3 formed? 

 2. What are the geographies of the Jason-3 satellite program?   

Goals and Objectives: 

 The goal of this research is to better understand the composition of humanized 

outer space as well as to bolster the tentative presence of critical Geography in outer 

space by providing a unique case study that contrasts traditional outer space narratives. 

The discrete objectives of this research are:  

 1.) To trace the Jason-3 satellite program from its problematization (origin) point 
 to its launch.  
 2.) To trace the geographies of the Jason-3 satellite program.  
 3.) To identify the actors and centres of calculation in the Jason-3 satellite 
 program.  
 
Literature and Methods, a Preview 

 In this thesis, I will first situate my topic in outer space and Geography literature. 

I then will describe the methods and theoretical framework of my research. My research 

will then flow semi-chronologically through the creation, implementation, launching and 

operation of this program, focusing on the moments of problematization, interdefinition 

of the actors, interessement, enrolment and controversies that define this program.  

 Actor-Network Theory literature calls for the opening of black boxes to reveal the 

masked work-nets within. Outer space and satellites have, as yet, remained relatively 

untouched by this field. As ANT emphasizes the use of case studies, I will be 

contributing both a further case study to the field and a new interpretation of Callon’s 

1986 “Scallop” paper [footnote with full citation], which is used as a framework for this 
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work. Callon’s Scallop paper shows how the theoretical concepts of ANT can be applied 

to a specific case study. This thesis also uses theoretical concepts from Bruno Latour’s 

Science In Action, which detailed a new way of studying how science is done and why 

studying how science is done is important. This thesis also uses a number of papers by 

John Law1 on ANT and Science and Technology Studies, the broader field devoted to 

studying the interplay of science, technology and society that the methodology of ANT 

was developed out of.  

 Geography literature has, tentatively, announced its relevance in outer space, 

exploring this Final Frontier primarily through the medium of Critical Geopolitics and 

Astropolitics. This thesis comes out of Geographer Frasier MacDonald’s 2007 work 

titled, “Anti-Astropolitik: outer space and the orbit of Geography.” In this work, 

MacDonald establishes “outer space as a mainstream concern of critical geography” that 

can contest the traditional outer space rhetoric that follows the tradition of ‘outer space in 

service of empire’ (MacDonald, 2007). Perhaps because of MacDonald’s article or in 

tandem with it, there is a growing body of Geography literature and general interest in the 

critical aspects of outer space exploration. In tracing the work-net of JASON-3, I will 

reveal connections both in relational space and physical space that are inherently Earth-

centric and humanized, and thus well within the purview of our field.  

Some	points	of	clarification	and	definitions	
The use of space/outer space 

																																																								
1	“Notes	on	Fish,	Ponds	and	Theory”;	“STS	as	Method”;	and	“ANT	and	Politics,	
Working	in	and	On	the	World.”	
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 I will often use the terms ‘space’ and ‘outer space’ interchangeably. Context 

should indicate whether ‘space’ is used in the aforementioned sense or in the geography 

sense (space as the general idea of an area).  

 

The use of satellite 

 When I use the term ‘satellite,’ I am almost always referring to man-made orbital 

technologies. Again, when referring to ‘satellites’ in any other capacity, the word should 

have enough context to indicate its usage is deviant from the above definition.  

 

The use of Astropolitics 

 I will be using the term Astropolitics to refer both to a field of inquiry that 

researches outer space power, exploration and policy and the theory posited by Dolman 

in his 2002 book, “Astropolitik.” The majority of astropolitical inquiry positions itself in 

the literature using this theory2, and as the discipline’s major journal is titled 

Astropolitics, I choose to use the title of the journal.  

 

The use of Actor-Network Theory 

 I will be using the term ‘theory’ or ANT to mean ‘Actor-Network Theory,’ 

though it is more of a heuristic tool and methodology than a theory.  

 

																																																								
2	Please refer both to the journal of Astropolitics and to MacDonald’s “Anti-Astropolitik” 
paper for clarification.		
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Some	definitions	
T/P: Topex/Poseidon mission, a joint ocean-observing mission between NASA and 

CNES. Launched August 10, 1992. Ceased operations on October 9, 2005. 

Decommissioned on January 18, 2006.  

Jason-1: The follow-on mission to T/P. Though it carries slight design changes, it kept 

the mensuration fidelity and orbit of T/P. Launched December 7, 2001. Ceased 

operations on June 21 2013.  

Jason-2: The third satellite in the T/P mission. Launched December 15, 2008. Still in 

operation.  

Jason-3: The fourth satellite in the T/P mission. Launched January 17, 2016. Still in 

operation.  

WOCE: World Ocean Circulation Experiment, a global network of satellite and terrestrial 

programs conceived in the 1980s and run from 1990-1998. It sought to develop ocean 

models and observe long-term ocean behavior and currents. Data analysis ran from 1998-

2002.  

EOS: Earth Observing System, a NASA program that sought to observe earth systems 

(land surface, biosphere, atmosphere, oceans) in the long term. Includes 43 completed 

missions, 26 current missions and 31 future missions.  

DOD: Department of Defense 

SWT: Science Working Team, a group of assembled Principal Investigators.  

PIs: Principal Investigators, or researchers paid to analyze data from satellites.  

OSTST: Ocean Surface Topography Science Team, the name of the group of PIs that 

governed the science goals of Jason-2 and Jason-3 (replaced the SWT moniker).  
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SWG: Science Working Group, the committee of individuals assigned the task of 

determining whether an ocean circulation and topography experiment were possible, 

among other things.  

ANT: Stands for Actor-Network Theory. 

CNES: The Centre national d'études spatiales, the French national space agency. Founded 

December 19, 1961.  

NASA: The National Aeronautic and Space Agency, the United States’ national space 

agency. Founded July 29, 1958.  

JAXA: Japan Aerospace Exploration Agency, formed from three independent agencies in 

2003.  
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Part	II.	Literature	Review	
 This literature review derives its structure from the pillar of Astropolitics, a field 

dedicated to outer space studies that centers on the realist worldview. Because it centers 

around Astropolitics literature, we begin with this field. We then move organically from 

Astropolitics to delve further into its theoretical worldview, realism. From there, we will 

see how realism plays out in Astropolitics in a practical sense. From here, we will delve 

into the forefathers of realist astropolitics: the geopolitical triad of Mahan, Ratzel and 

MacKinder. After exploring these early geopolitical thinkers, we will then move into 

modern-day Geopolitics and an “update” to realism entitled Symbiotic Realism. This will 

bring us into Critical Geopolitics, which is the progenitor of the idea of relational space, a 

concept that will bring us to Actor-network theory, which is the methodology used for 

this thesis.      

Astropolitics	
What is astropolitics?  

 Astropolitics is a relatively recent field of academic study, appearing roughly in 

2002 with the publishing of Everett Dolman’s Astropolitik: classical geopolitics in the 

space age. Astropolitics is a field of inquiry largely focused on space exploration and 

space policy, and draws from many fields to enhance understanding about outer space 

(MacDonald, 2007). In his 2002 book, Dolman describes Astropolitics as “the study of 

the relationship between outer space terrain and technology and the development of 

political and military policy and strategy” (Dolman, 2002, pg. 12).   

 He makes sure to distinguish Astropolitics from Astropolitik, which he defines as 

“a determinist political theory that manipulates the relationship between state power and 
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outer space control for the purpose of extending the dominance of a single state over the 

whole of the earth” (Dolman, 2002, pg. 13).  

 As a field, it mainly draws from the political science offshoots of security studies, 

military and strategic studies and international relations. It also borrows heavily from 

classic geopolitics a la Alfred Thayer Mahan, Halford MacKinder and Friedrich Ratzel. 

Both of these fields (Astropolitics and Astropolitik) overwhelmingly tend to align with 

the realist perspective, lending the new syncretic field a distinctly realist flavor. It was 

solidified as a steady field of inquiry in 2003 with the founding of the journal 

“Astropolitics: the International Journal of Space Politics and Policy.” While the journal 

claims to welcome all perspectives, I reiterate that most of the published articles are 

either realist or neo-realist in nature and most of the authors come from the 

aforementioned backgrounds. While neither this author nor this thesis is bent upon 

lambasting what is certainly a very useful field (after all, a number of influential 

politicians hold these views and act upon them), it does mean to provide a direct 

counterpoint to this way of perceiving humanized outer space and the role of humans in 

outer space.  

 I also do not mean to paint Astropolitics as the sole publication dedicated to and 

representative of outer space literature. Another journal devoted solely to outer space 

entitled Space Policy was founded in 1985, and focuses more on the “international 

relations, economics, history, aerospace studies, security studies, development studies, 

political science and ethics” side of outer space. It is distinctly less politicized and tends 

to focus more on, well, the policy aspects of outer space and provides an even-handed 

measure of what is happening in outer space and what potential trajectories for the future 
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of outer space exploration and legalities surrounding it. The articles in this journal are far 

more likely to use the word ‘cooperation’ without sarcasm or bitterness; however, it does 

lack a strong critical tradition, which likely is less a function of the journal and more a 

function of the relative dearth of critical outer space literature.  

Political science and realism 
What is realism in Political Science?  

 Realism has a longstanding tradition in the field of political science and in other 

closely related fields such as that of International Relations and Security Studies. Political 

Science realism believes taking state cooperation at face value as chimerical and 

misguided. Cooperation is a calculated move by states to maximize benefits; yet, even 

then, cooperation does not hold up for realists.  

 To begin, let us first understand the term ‘realism.’ Realism is, more than a 

theory, a “philosophical disposition...that emphasizes the constraints on politics imposed 

by human nature and the absence of international government” (Donnelly, 2000; Gilpin, 

1984). It focuses on man’s egoistic tendencies as manifested in the ‘state’, international 

anarchy (or, the lack of any international enforcer) and the struggle for power and 

security in this international state-centric system.  

 An important aspect of realism to understand is the aforementioned idea of 

anarchy, or “the absence of any hierarchy of authority” (Al-Rodhan, 2007, pg. 20). It is 

an assumption upon which much of state-to-state relations is based, because, without any 

international enforcer or hierarchy beyond that of states, states will be able to pursue their 

own interests unilaterally and without punishment. This means that states do not consider 

the ‘international system’ very heavily when making decisions or assessing possible 
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ramifications for violating international law or norms. Further, as an anarchic system is 

unstable without any centralized authority, distrust of others and fear for survival is 

endemic in the system (Greico, 1988).  

 This fear for survival leads states to be concerned both with absolute gains and 

relative gains. States are concerned with the latter because cooperation tends to decrease 

relative gains as all involved parties seek to benefit from cooperation; it is concerned with 

the former simply because the anarchic system negates it (Greico, 1988). This negation of 

the ideal of pursuing absolute gains is also a complete negation of cooperation as a 

whole, as cooperation only increases absolute gains and not relative gains.  

 Realists are also concerned with “cheating” in international cooperation: because 

there is no one to enforce treaties and cooperative efforts, states have every incentive to 

not abide by them while reaping the benefits of the whole (Greico, 1988).  

 For example, if I sign a nuclear arms deal saying that I will decrease my nuclear 

arms by a certain number if you do, it will only benefit me to sign and not abide by it. If I 

abide, I will be weakening my position of power relative to any non-signatory nuclear 

states; I will also potentially be weakening my relative power to you if you choose not to 

abide by it. If I sign and defect, however, I will either simply see the status quo persist (if 

both of us defect) or will see myself gain relatively to you if you decide to abide.  

 Political science has other competing theories of international relations, however, 

we are chiefly concerned with realism here because it is the main disposition in the field 

of Astropolitics. It colors the view of Astropolitics in a number of ways, but most 

notably, realism carries over these tenets:  

1. It sees states as the main actors in outer space. 
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2. It sees outer space as a new, anarchic frontier for empire-building. 

3. It sees international space cooperation as illusory and ultimately 

useless. 

 

Astropolitics and realism 
 Astropolitics comes partly out of this vein of political science, adopting a 

distinctly realist worldview from the aforementioned founder Everett Dolman, a military 

studies professor. Now that we have outlined some of the main tenants of realism, we can 

better understand the nature of Astropolitics, which Dolman himself very honestly 

described as: “the application of the prominent and refined realist vision of state 

competition into outer space policy, particularly the development and evolution of a legal 

and political regime for humanity’s entry into the cosmos” (Dolman, 2002). With this 

definition in mind, the main concerns of Astropolitics are: nationalism, territoriality of 

space, relative gains over absolute gains, capitalism and competition as the main 

motivators of entry into outer space.  

 Dolman is unabashedly nationalist in his writings, and openly cheers for a 

unilateral United States domination of outer space (his book actually reads like Mahan’s 

The Influence of Sea Power Upon History—also known informally and chiefly in my 

head as the Handbook for United States Sea Supremacy). He is not alone in this space 

nationalism: Steven Lambakis (On the Edge of Earth: The Future of American Space 

Power, 2013), John J. Klein (Space Warfare: Strategy, Principles and Policy, 2006) and 

Colin S. Gray (Geopolitics, Geography and Strategy, 1999) are also heavy-hitters batting 

for Team USA in the outer space realm.  
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 Writings in this vein tout the military and moral superiority of the United States as 

well as the moral and practical superiority of democracy and capitalism3. In fact, Dolman, 

just like Mahan, expressly lays out “An Astropolitik Policy for the United States” 

(Dolman, 2002, pg. 156). In this Astropolitik policy, Dolman argues that ‘might makes 

right’: because the United States has the ability to dominate outer space, it should, and no 

other entity will have the means to properly contest it. He urges the militarization of outer 

space, citing the inevitability of conflict and weaponization and tout the necessity of 

space-based defense systems (Dolman, 2012; Hickman & Dolman, 2002).  

 Those in Astropolitics urge the necessity of asserting state power in the space 

realm to ensure control of strategic space ‘locations,’ most notably those at the equator 

for launching things into outer space and strategic outer space locations such as orbital 

spaces, pathways and chokepoints (Hickman & Dolman, 2002; Dolman, 1999). The lack 

of ‘progress’ humanity has seen in exploring and colonizing outer space is nothing but a 

policy and priority ‘failure’ that stems from the ennui of short-sighted politicians and ill-

informed citizens (Hickman & Dolman, 2002). It also stems from the current lack of 

competition in outer space. The United States is the de facto power there, and thus has no 

real incentive to scramble to develop and harness the vast capabilities of outer space.  

 Similarly, a state will not be enticed into outer space with promises of absolute 

gains. Absolute gains will continually be shunted over the enticing promise of relative 

gains, particularly because of the continuation of nationalism and state-centrism in the 

realm of outer space. That is to say, the promise of particularly rewarding relative gains 

in outer space that will come from acting unilaterally will continue to trump the less 

																																																								
3	For an example of this, please see: (Pavelec, 2012)] (Moltz, 2011; Havercroft & Duvall, 
2009).	
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appealing promises of long-term absolute gains that would arise from outer space 

cooperation (Dolman, 1999). This means that true cooperation will not happen in outer 

space, because “the reality of confrontation in space politics pervades the ideal of true 

cooperation…which has never been genuine” (Dolman, 2002, pg. 2).  

 Capitalism and competition are the only way space technology will advance and 

ensure success. Further, capitalism and competition will drive the harvesting of space’s 

resources, which are extremely important in an “environment of relative scarcity” 

(Dolman, 2012 pg. 80). The harvesting of these resources by any singular state 

unilaterally “could dictate the political, military and economic fates of all terrestrial 

governments” (Hickman & Dolman, 2002). Emphasis is placed on the ‘development’ of 

these resources, and the state-centric benefits and strategies for doing so (Moltz, 2011; 

Hickman & Dolman 2002; Havercroft & Duvall, 2009). He envisions an astropolitical 

future in which a self-interested but neo-liberal free market creates mutually beneficial 

relationship in outer space (think Macroecon 101) guided by ‘fair and legal’ commercial 

outer space practices (Dolman, 2002; Havercroft & Duvall, 2009). 

 This isn’t to say that all of Astropolitics ascribes to this nationalistic, realist bent. 

Dolman himself claims that neoclassical realist astropolitics is not the only way to look at 

outer space—it simply is a pattern that has persisted through modern human history and 

will likely naturally extend to outer space (Dolman, 2002).  

 The volume Securing Outer Space edited by Natalie Bormann and Michael 

Sheehan provides a critical International Relations (IR) perspective on outer space. It 

explores the contexts of space activities and the terrestrial boundings of space 

exploration. It also explores “questions of sovereignty; perceptions of time and space; 
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modes of destruction, fighting and killing in, from and through space; and relations of 

technology and ethics” (Bormann & Sheehan, 2009).  

 The volume directly critiques Dolman’s Astropolitik theory in its chapter titled 

“Critical Astropolitics.” Its main critique is that Dolman is essentially arguing for 

imperial control through hegemony. The emphasis on empire and hegemony efface 

sovereignty, which empire continually effaces, meaning that Dolman’s Astropolitik calls 

for the erosion of the nation-state and country, which in turn invalidates the idea of state-

centric power competition (Havercroft & Duvall, 2009).  

 However, this volume is certainly not the norm. Realist viewpoints are the loudest 

and most frequent in the main body of literature about outer space. It also happens to be 

echoed in current U.S. outer space policies (Havercroft & Duvall, 2009). It is this aspect 

that I seek to both enumerate and critique with my thesis by shedding light upon the 

cooperative, scientific and technological aspects of outer space.  

Classical Geopolitics  
The discipline and its founders  

 The discipline of Geopolitics seeks to understand geographic phenomena as they 

generate understandings of “places, communities and accompanying identities” (Dodds, 

2007, pg. 5). Geopolitics as a branch of Geography appeared rather early on in the 

discipline’s history, emerging at the end of the 19th century when political scientist 

Rudolf Kjellén coined the term (Cresswell, 2013; Dodds & Atkinson, 2000). The term 

has a tendency to be conflated with the terms “imperialism” and “empire,” two words 

that emerge time and again in the literature of Astropolitics, whose roots lie firm in the 

Geopolitics of old. A dip into early realist geopolitics will thus lead us right back to 
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Astropolitics. With an understanding of the classical geopolitics that informs 

Astropolitics, we can then understand how critical geopolitics, whose roots and current 

motives lie in critiquing classical geopolitics, can help us to provide “a convenient fiction 

of opposition” that is “hopefully burdened less by nationalism and chauvinistic universals 

and more committed to cosmopolitan justice and self-critical analysis” (Jones & Sage, 

2010).  

 Classical geopolitics tends to have somewhat of a bad rap in Geography. Though 

its association with empire and unsavory domination tactics predates World War II, it 

was in the aftermath of this war that it was irrevocably tied to both the unspeakably evil 

Nazi regime and unsavory Japanese empire (Dodds, 2007; Agnew, 2013). This proved 

the nail in the coffin for Geopolitics (for awhile, anyway), which had already been 

associated with war and expansion through three main classical geopolitical authors: 

Friedrich Ratzel, Alfred T. Mahan and Halford Mackinder. These three classical 

geopoliticians emerged in the late 19thcentury and early 20th century, just as political 

scientist Rudolf Kjellén coined the term ‘geopolitics,’ signalling the beginnings of the 

field (Cresswell, 2013; Dodds & Atkinson, 2000). 

 The first of these geopolitical rabble-rousers is Friedrich Ratzel, Professor of 

Geography at the University of Leipzig. He saw states as similar to organisms: “states 

have boundaries, a capital, and lines of communication, as well as a consciousness and a 

culture. The size of a state and its resources…would gauge its strength” (Russell, 2006 

pg. 127). This came directly out of the theory of Evolution that had set Europe abuzz at 

the turn of the century (Cresswell 2013). As an organism, a state must needs grow (or 



17		

expand its geographic area) to maintain itself in an environment “characterized by 

struggle and uncertainty” (Dodds, 2007, pg. 28).  

 This expansion was termed Lebensraum, or living space in the 1890s. That a state 

must grow—and that it will do so continuously if not unchecked by other states—is an 

inherently realist idea based on inherently realist assumptions (see above: an environment 

characterized by struggle and uncertainty). Though not at all created by the Nazi regime, 

the idea of Lebensraum just so happened to be used by the Nazi regime to justify its 

fantastic geographic expansion after World War I. Its vaguely scientific terminology 

through the use of evolutionary language gave it an air of inevitability and its ease of 

comprehension gave it popular support amongst the German masses (Smith, 1980). It is a 

stain on the discipline that has proven difficult to efface.  

 Similarly, the ideas of Alfred T. Mahan were used by countries as justification for 

increasing their military presences on the ocean. A hallmark realist, Navy Captain Mahan 

published a transformative work entitled “The Influence of Sea Power Upon History” in 

1884. This work, which argued for the importance of projecting state power in the 

aqueous realm, helped give birth to the navies of Japan and Germany and also served as a 

rallying cry for the bolstering British and U.S. naval programs (Ferreiro, 2008; Dolman, 

2012).  

 Mahan used state-centric geography to argue why Britain was the current world 

power, why the United States should be more concerned with its own naval power and 

how the United States should go about doing so (Mahan, 1890; Dolman, 2012). This 

imperialist vision looked both at strategy and the parallels between “the weapons or 

branches of land forces and those of the sea,” seeing the ocean as a seamless extension of 
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the geopolitical arena of land (Russell, 2006). As part of sea strategy, Mahan discusses 

naval chokepoints, or strategic bottlenecks of sea traffic, through which commerce, trade 

and other wayfaring vessels must pass (Mahan, 1890; Dolman, 1999). These chokepoints 

were essential in Britain maintaining control of the sea, mostly because it is highly 

impractical for any country to maintain bases and a strong naval presence everywhere on 

our vast oceans.  

 Just a few decades later, British Geographer Alfred Mackinder publishes his 

Heartland Theory, which would then dominate United Kingdom geopolitical interests and 

strategy well into the Cold War. The theory essentially posits that control of the European 

continent is vital for control of global power and the world order. It states more 

particularly that control of the “pivot region of Euro-Asia” will determine control of the 

European continent (Mackinder, 1904). This pivot region is one of three primary world 

regions: the heartland or pivot area; the inner crescent which included Western Europe, 

the Middle East, the Indian subcontinent and China; and the outer crescent, which 

includes all of the entire Western Hemisphere, Britain, Japan and Australia (Dolman, 

1999). It further suggested that the establishment of a significant “buffer zone” between 

European states and Germany/Russia was necessary for geopolitical stability because 

conflict and competition on the world island were inevitable.  

 Mackinder, though, places state power on terra firma, arguing against Mahan’s 

idea that naval power is the basis of world power: “Every characteristic of sea power may 

be studied in British history during the last three centuries, but the home-base, productive 

and secure, is the one thing essential to which all things else have been added 

(Mackinder, 1942 pg. 41). That his seminal work included a lengthy rebuttal to Mahan’s 
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1884 claim shows both the widespread popularity of Mahan’s work and its reception 

within the academic discipline of Geopolitics.  

 It is with these three ‘founders’ of Geopolitics that Geography dovetails with 

Astropolitics. Dolman in particular cites all three of these founders of Geopolitics with 

admirable frequency in his arguments for an anarchic, state-centric outer space. All of 

these theories use their basic unit of analysis as states and, without using the word, 

assume the international system is anarchic. They see the world order as not much more 

than a primeval struggle for survival in the wild. Further, Mahan’s ideas about power in 

the anarchic sea and strategic sea domination in his book The Influence of Sea Power 

Upon History are often used as a direct parallel for the competition for power in outer 

space today (Moltz, 2011). Space will have ‘strategic chokepoints’ through which 

domination of outer space may be secured. Dolman specifically claims that in the near 

future, low earth orbit (LEO) will be the most telling chokepoint, as LEO is where the 

most of our satellites lie as well as most of our military technology (Dolman, 1999).  

 Mackinder’s regionalization of the world is extrapolated into outer space: 

“following Mackinder’s lead, astropolitics begins with a demarcation of the geopolitical 

regions of outer space” (Dolman, 1999 pg. 91). Dolman further posits that the resource 

potential for outer space is analogous to that of the heartland—whomever controls outer 

space controls the power on Earth. In this extrapolation of Mackinder’s theory, the 

entirety of outer space is the contested and desired ‘heartland.’ He then goes on to 

actually identify the geopolitical regions of outer space, claiming there are four:  

1. Terra or Earth: stretches from the surface of Earth to the area of lowest 
viable orbit in outer space, and the highest viable height for airplane flight 
(about 100km from Earth’s surface).  
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2. Terran or Earth Space: stretches from the lowest viable orbit to the 
(current) highest viable orbit around Earth, also known as geostationary orbit 
(about 36,000km).  
3. Lunar or Moon Space: stretches from just beyond geostationary orbital 
space to just beyond lunar orbital space.  
4. Solar Space: simply consists of everything in the solar system beyond lunar 
orbital space (Dolman, 1999).  
 

 According to those in Astropolitics, the struggle for influence and resources on 

our unbounded and unclaimed oceans here on earth is eerily similar to what we have 

seen, and what we will continue to see, in outer space (Romancov, 2003; Dolman, 2002; 

Dolman, 2012; Moltz, 2011; Dolman, 1999). Astropolitics’ embrace of these empire and 

state-centric classical geopoliticians reinforces these black boxes that assume outer space 

is simply an extension of terrestrial international relations.  

 To Astropolitics, the State is a stolid, unbreakable entity that is the sole creator of 

humanized outer space; empire and empire-building is a given necessity (after all, states 

must grow, expand, conquer). Anarchy, as an admitted assumption, takes on reality in its 

own black box, assuming either that cooperation does not happen or that it does not 

matter, an assumption that is held up on a pedestal—untouched, untouchable and neatly 

contained.  

Contemporary Geopolitics and Astropolitics  
 In an interesting reversal of fates, contemporary Geopolitics also dovetails with 

Astropolitics in relatively new geopolitics literature on outer space. This new geopolitical 

literature actually draws from Astropolitics rather than vice versa.  

 The Geopolitics of today still draws upon the ideas of its forefathers. It is still 

primarily state-centric, and sees space as a new realm for power struggles: “terrestrial 

power struggles have been transplanted to the space realm, and space power will continue 
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to change power dynamics between states on Earth” (Al-Rodhan, 2012, pg. 212). These 

power struggles revolve around terrestrial power dynamics and seek to enhance or 

maintain both terrestrial state security and space security (Moltz, 2011). 

 Contemporary Geopolitics sees outer space as a place of competition and strategic 

cooperation (Wang, 2009). It sees outer space as a tangible, physical space that can be 

occupied—a blank canvas frontier not dissimilar to that of post-Berlin Conference Africa 

and Asia, the ‘wild west’ or the unclaimed islands and byways of oceans (Wang, 2009; 

Moltz, 2011). It sees technology as either a ‘reactive’ actor or as a monolithic entity—as 

a black box that is a tool for harnessing the resources of outer space for human use 

(Wang, 2009; Al-Rodhan, 2012).  

 Al-Rodhan comes closer to opening black boxes with his emphasis on a much 

more heterogeneous outer space reality. His symbiotic realism theory accounts for more 

than countries as international actors in international relations and outer space. It also 

accounts for the existence of cooperation in a less dismissive fashion: “threats are no 

longer only of national or military concern…[states] must look beyond their national 

borders and military capacities in order to effectively protect and advance their interests” 

(Al-Rodhan, 2012, pg. 212).  

 He tentatively acknowledges the role space technology plays in outer space by 

classifying it as an actor. He misses the methodological symmetry of ANT, however, by 

hedging with the term “reactive actor,” taking away technology’s agency and relegating it 

to its proper status as ‘not human.’ However, he (unintentionally) gives outer space itself 

acting power, claiming “space is and will continue to be a key driver of technological 
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developments and enhanced capabilities” while reinforcing the idea of outer space as a 

closed, uncontested black box entity (Al-Rodhan, 2012, pg. 221).  

Geopolitics, symbiotic realism and other realist critiques  
 A realist critique from inside Geography 

 Symbiotic realism is a distinctly geographic version of political science realism. 

Coined by Nayef al-Rodhan, symbiotic realism uses the evolutionary terminology of 

early Geopolitics to incorporate a more inclusionary view of the geopolitical structure.  

 Symbiotic realism draws upon neurobiology to pad the realist framework with 

insights from human behavior—particularly the cooperative and social aspects of 

humanity (Al-Rodhan, 2007; Al-Rodhan 2012). Humans are social creatures by 

evolutionary necessity, it argues, as are states. It sees the new reality of the world as one 

of “instant connectivity and interdependence” and considers many new ‘actors’ other 

than that of just states. It considers the biosphere, large collective identities, information 

and communication technology and other actors that are typically not ascribed agency 

(Al-Rodhan, 2007). These are considered as “reactive actors,” and not on par with the 

other human actors mentioned, but that they were mentioned as actors, even partially, 

shows a mindset nearing that of Actor-Network Theory.  

 It is particularly concerned with adaptation to changing environments, another 

evolutionary idea that dominates discussion in the ontology of symbiotic realism. It posits 

that interconnectivity and other global phenomenon have rapidly changed local 

environments, leading to a vast array of problems and positive developments that can 

lead to a changing of large collective identities that have dominated local and global 

spheres (Al-Rodhan, 2007).  
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 This symbiotic realism counterbalance to Dolman’s realism is one way that 

Geography is attempting to equalize the geopolitical realist bent of Astropolitics. It 

should be noted that Al-Rodhan is one of the foremost geopolitical scholars that 

publishes on outer space.  

 It should also be noted that, of course, Al-Rodhan is not the only one to take on 

the hegemonic realist bent in international relations with respect to outer space. I will 

discuss the role of the field of Critical Geopolitics in more length after I flesh out the 

field of Astropolitics through a brief historiography of classic geopolitics to better situate 

Geography and, more specifically, critical Geography in the realm of outer space 

literature.  

Critical Geopolitics and Astropolitics 
 It has been a long journey here, but we have finally arrived at the point where I 

definitively connect Astropolitics and Critical Geopolitics. Undoubtedly, one of the best-

suited fields for countering the hegemonic realist dialogue in outer space academia and 

outer space political discourse is Critical Geopolitics—a field whose goal it is to critique 

the dominant geopolitical literature and find new ways to engage geopolitical topics.  

 The field of Critical Geopolitics emerged at the end of the Cold War, primarily as 

a subset of human geography that attempted to rethink power, taking on the geopolitical 

assumptions and geopolitical terminologies and designations that tend to dominate 

rhetoric surrounding world politics (Dodds, Kuus, & Sharp, 2013; Dalby, 2008).  

 As a discipline it seeks to poke at the prevailing state-centered and strategic 

approaches, and offers alternatives to geopolitical assumptions. As well as providing 

critique, Critical Geopolitics also often seeks to dismantle geopolitics, through the use of 
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postmodern methods and language, and to reassemble geopolitics to reflect a more 

inclusive and complex reality (Havercroft & Duvall, 2009). It looks to bring alternative 

discourses, viewpoints and interpretations of international politics through a variety of 

means:   

“The concerns of critical geopolitics lie not with the sources and structures of power 
in some general sense but with the specific sites and technologies of power relations. 
Its analytical focus is not on any set of territories, borders or actors however diverse – 
but rather on the processes by which these categories are produced” (Dodds, Kuus, & 

Sharp, 2013).  
 

 As you will see later on in this literature review when I discuss Actor-Network 

Theory, this quotation pretty perfectly encapsulates this thesis and how ANT will be 

perfectly suited to help critique Astropolitics in this manner. I claim my academic home 

here in critical geopolitics, though I do not claim to follow any specific vein or 

powerhouse academic in this dynamic and relatively unbounded field of inquiry. The 

field itself has not been particularly concerned with outer space, though it has, by way of 

proxy, entered outer space literature.  

 Critical geopolitics has ventured tangentially into the realm of outer space, most 

notably by way of proxy through critical geographer Klaus Dodds and his work on the 

arctic. The Polar Regions are mentioned often in outer space literature as anarchic spaces 

that have, as yet, mostly bucked the traditional nation-state territorializing trend that has 

engulfed the rest of the world. There is a strange mix of both political competition—

happening mostly at the North Pole—and political cooperation, which is happening both 

at the north and south poles. But even at the North Pole, states are slowly staking their 

claims not through warfare but rather through the justification of previously established 

norms negotiated at the United Nations and through the Arctic Council (Dodds, 2010; 
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Young, 2016). The Antarctic is vaunted as an exemplar of international cooperation: it 

has been established as a global commons, only to be used for peaceful and scientific 

purposes (Berkman, 2002). Those who claim a peaceful outer space is possible point to 

this and argue that this sort of framework could easily transfer to outer space.  

 Various other critical geographers have addressed the problems of classical 

geopolitics by poking holes in realist assumptions and by unraveling black boxes that 

misrepresent actual realities4. These misrepresentations include the black box labeled 

‘globalization,’ which is a particularly gross generalization that does not play out on the 

ground.  

 It includes the realist assumption of state-centric economic interests, which 

critical geographers contest by pointing to transatlantic corporations and the reality of a 

very decentralized but highly integrative global economic system; it critiques the state-

centric model itself, pointing to the de-emphasizing of on-the-ground military operations 

and the de-territorializing of states (O’Tuathail, 1997). It looks into the making of 

political realities by selective media coverage and the representations of places and 

spaces. It queries whether our political realities are the product of self-fulfilling 

prophecies (Otuathail, Dalby, & Routledge, 1998).  

 Critical geopolitics might not have ventured into the realm of outer space quite 

yet—but there is certain space in outer space for critical geopolitics, as Fraser Macdonald 

will elucidate below5.  

																																																								
4	For more, please see the Ashgate Research Companion to Critical Geopolitics and the 
new Palgrave Handbook of Society, Culture and Outer Space. 	
5	The very existence of the Geographies of Outer Space sessions held at the 2015 and 
2016 Association of American Geographers annual meetings and the 2017 AAG session 
entitled Human Rights and Critical Geopolitics of Outer Space are testament to the 



26		

Geography, MacDonald and Anti-astropolitics 
 Geography also has a champion, Fraser MacDonald, who has argued for the 

entrance of human geography as a whole into outer space—and certainly not in the way 

that Dolman has brought Geography into the realm of the celestial. In his seminal 2007 

paper Anti-Astropolitik, he argues that human geography is just as equipped as physical 

geography—which has already made significant inroads into the final frontier—to 

explore and explain the place of humans beyond earth (MacDonald, 2007)6. He further 

argues against the mainstream academic and political rhetoric surrounding outer space, 

zeroing in on Dolman, as I did, as the exemplar representative of the largely realist field.  

 This first idea he lays out of a humanized outer space is compelling and, further, 

important. It is not at all contested that humans have effectively ‘humanized’ outer space 

(MacDonald, 2007; Dolman, 1999; Molz 2011; etc.). Geographers and, more generally, 

academics have studied the role of the military, capitalism and states in outer space—but 

have yet to look at the role of humanity in outer space. Further, academics have neglected 

to study—at all—the role outer space plays in and on humanity; the role space 

technology plays in outer space and in and on humanity; the role the sun plays in the 

intricate web of states, humans, technology, gravity, orbital debris, etc.  

 The second most salient part of his paper—his critique of Dolman—provides 

some general critiques using the critical geopolitics framework Otuathail established in a 

																																																																																																																																																																					
increased interest of the discipline of Geography in Outer Space and the likely increase of 
outer space literature in the field.	
6	Physical Geography already has made inroads into outer space: geographers have been 
enrolled in projects such as the Centre for Planetary Science and Exploration (CPSX), 
with roles revolving around planetary geography and processes. There are various degree 
programs within Geography that have planetary science emphasis areas that tend to exist 
in the space where physics, geology, geomorphology and geography dovetail.	
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1996 and 1999 publication (See: Toal, 1996; Tuathail, 1999)7. The main reason for these 

general critiques is to establish some potential avenues for critical geopolitics to further 

explore in regard to critiquing Astropolitics. His five critiques are as follows: 

 

1. The classical geopolitical models (read: Mackinder and Mahan) that Dolman has 
argued must naturally extend into space are “highly political attempts to create and 
sustain particular strategic outcomes in specific historical circumstances.” Critical 
geopolitics needs to untangle the underlying political motivations in the strategic rhetoric 
from the actual declarative aspects of outer space. Essentially, nationalistic and 
declarative overtones are muddying the waters of outer space literature and blending fact 
with desire. 
2. Critical geopolitics needs to move away from “actively supporting the dominant 
structures” that are the heavyweight centers of the outer space debate. The power politics 
at play merit scrutiny. 
3. Critical geopolitics can take a page out of Otuathail’s book in critiquing Astropolitics 
as he critiqued Mackinder’s ‘imperial hubris.’ In this point, MacDonald is calling for 
critical geopoliticians to move away from assumption that the United States is the 
‘inevitable’ world power that will inherit dominion over outer space. 
4. The inherent ethnocentrism in Astropolitics merits critique. This call to critique mostly 
centers on Dolman and U.S. military strategists more than other voices in the 
Astropolitics field. Dolman is really, really ethnocentric, almost to the point of political 
incorrectness. 
5. Critical geopolitics needs to disrupt the wide-sweeping explanatory properties of 
Astropolitics, which claims to understand outer space rather absolutely. Critical 
geopolitics needs to add complexity to this neatly-packaged explanatory framework. 
 

 Enter, Science and Technology studies and Actor-Network Theory, a field and a 

toolkit, respectively, that will help to answer MacDonald’s fifth call-to-arms in critiquing 

Astropolitics. The below sections of this voluminous literature review seek to situate 

ANT as a methodology/framework that can help to add necessary complexity to 

Astropolitics, which has a tendency to generalize and black box the heterogeneity of 

outer space. But first: the relationship of Actor-Network Theory and Geography.  

 

																																																								
7	Note:	Otuathail’s	name	never	seems	to	be	spelled	the	same	way	twice.	I	have	
spelled	his	name	three	different	ways	with	three	different	publications	simply	
because	that	is	how	the	name	was	displayed	on	the	publications	I	used.		
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Geography and Actor-Network Theory 
 It is an interesting relationship, to say the least. On one hand, Bruno Latour, ANT 

philosopher extraordinaire, depredates the very core of Geography—the idea that space 

and distance matter—by promoting a practice called methodological symmetry, which 

seeks to subvert time, distance and scale by rendering things ontologically ‘flat’. On the 

other hand, Latour is quick to use a host of Geographical terms, metaphors and express 

examples, so much so that a Geographically-grounded Network Analysis paper is 

sometimes difficult to differentiate from a Sociologically-grounded Actor-Network 

paper.  

 The waters are further muddied as we wade into the very center of Bruno Latour’s 

Science in Action, a solidification of ANT. In this book, so-called centres of calculation 

and physical science sites are emphasized so thoroughly—so adamantly, in fact—that 

Geographers certainly couldn’t help but jump on the Actor-Network Theory bandwagon 

like so many lemmings in the 1990s with relational space as their shibboleth. Relational 

space, born out of 1960s and 1970s post-structuralist Geography, is best stated by 

Murdoch below.  

“Some significant features of relational space: 
• Space is not a ‘container’ for entities and processes; rather space is made by entities 
and processes. Moreover, these entities and processes combine in relations. Thus, space is 
made by relations. Space is relational. 
 
• Discrete spaces and places are stabilizations of processes and relations. In David 
Harvey’s terms, they are ‘permanences’. However, these ‘permanences’ are not 
permanent for they are only stabilized provisionally. They must be continually remade 
and as they are remade so they change. 
 
• Space is made of multiple relations. These relations meet in space, at meeting places. 
There can be conflicts as sets of relations jostle for spatial supremacy. Equally, there can 
be consensus as alliances are built and alignments are forged. 
 
• Spaces are open not closed. As multiple relations meet in space so new relations are 
formed and new (spatial) identities come into being. The openness of space also means 
that spaces and places are dynamic rather than static. In other words, they are always in 
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the process of becoming. Geography must trace the trajectory of change and the line of 
force.” (Murdoch, 2006).  

 

 As evidenced above, relational space serves as the primary mediator between 

Actor-Network Theory and Geography (Murdoch 2005). That discrete spaces—sites, if 

you will—are impermanent permanences folds nicely into the ANT idea of centers of 

calculation. This focuses on the sites where network formulation occurs and accumulates: 

they are the places of action, where the cycles of network formulation originate from and 

eventually make their ways back to (Latour 1987). The jostling for ‘spatial supremacy’ 

and ‘conflicts’ that are important to the concept of relational space can be seen in many 

of the Callonian moments (translation, interdefinition of the actors, the aptly termed 

moment of ‘conflict’). And finally, this last idea of ‘tracing’ the trajectory of change is 

key to practicing ANT:  

“The only thing we can do is to follow whatever is tied to the claims. To simplify, we can 
study: 
(a) how causes and effects are attributed, 
(b) what points are linked to which other, 
(c) what size and strength these links have, 
(d) who the most legitimate spokespersons are, 
(e) and how all these elements are modified during the controversy” (Latour 1987 pg. 
202). 

 
 In fact, studying the strength of networks as in point (c) will often involve action 

at a distance, solidifying the role of Geography through the intermediaries of space 

equalizers. In the case of Jason-3, this intermediary begins with a precursor to the Internet 

and the first trials of GPS receivers, both of which made long-distance communication 

possible. Thus, Geography is alive and well in the circulation of relations that supersede 

traditional Geography by various means. Geography is not dead; it is simply more than 

distance. These connections of ANT and Geography are best summed up by Murdoch:  
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“Notions of space in Latourian actor-network theory: 
• Space (and time) are constructed within networks; they are ‘made’ out of relations of 
various kinds. 
• Thus, in order to analyse particular spaces (and times) we must ‘follow’ the networks in 
order to follow the processes that construct space (and time). 
• The networks never shift registers or scales. So, in following the construction of space 
(and time), we never need to shift from the ‘micro’ to the ‘macro’ or from the local to the 
global; rather we just follow the networks wherever they might lead. 
• Actor-network theory therefore provides a single terminology (and a single 
methodology) for the study of space and spatial relations. It simply emphasizes the need 
to follow networks and to study the materials they are made of and the relations 
established between these materials.” (Murdoch 2005 pg. 73).  

 
 The final connection of ANT and Geography that merits exploration is the 

theory’s treatment of the traditional division between nature and humanity that has so 

thoroughly captured the discipline of Geography (Clifford, 2009). Nature has always 

been a “major disciplinary preoccupation” in Geography, which has waffled back and 

forth between treating it as separate from society/humanity and treating it as part of a 

whole (Castree, 2005 pg. 9). The specialization in Geography that occurred in the early 

20th century led to a divide between physical geographers and human geographers, with 

environmental geographers awkwardly straddling the wide lacuna between. This divide 

left Geography somewhat ill-equipped to address both the human and non-human, though 

this is a phenomenon not unique to Geography (Murdoch, 1998). p 

 Latour laments the presupposed division between nature and culture in his 

Reassembling the Social, “When we believed that we were modern8 we could content 

ourselves with the assemblies of society and nature. But today we have to restudy what 

we are made of and extend the repertoire of ties and the number of associations way 

beyond the repertoire proposed by social explanations” (Latour, 2007 pg. 248). ANT 

																																																								
8	For a thorough investigation of this, please see Latour’s Politics of Nature, where he 
takes up the task of unraveling the artificial divisions between nature and society (Latour, 
2004).	
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provides a means of breaking through those artificial divisions, allowing us to study 

humans and non-humans together and using the same terminology. This provides a 

means of studying, for example, the process of developing a new satellite without 

assuming humans are the only entities capable of acting.  

 Actor-Network Theory and Geography seem to be a strange marriage at first—

after all, it dismisses the ideas that distance and scale mean anything on their own—but 

upon further investigation, it would seem that the two are not quite as incongruous as all 

that. In fact, ANT helps Geographers to look at space in a different way, one that was 

paved by the likes of post-structuralism and Foucault, and one that allows for the 

smashing of the traditional Geographic problems of nature v. culture.  
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Part III. Theoretical Framework 
 Actor-Network Theory was bred out of the unique field of Science and 

Technology studies, itself a unique historical happening. Thus, my study about satellites 

finds its roots in STS, the explanation of which will help to better understand just how I 

can say the seemingly strange statement, “JASON-3 and gravity are actors that act in my 

work-net.”  

 STS historiography 

 The field of Science, Technology and Society seeks to—as its name suggests—

study science, technology and their interplay with society. Its history lies in the lack of 

introspection in the beginnings of modern science. ‘Modern’ science as begun in the mid-

16th century continued along blindly for a few centuries, seeking to see and explain the 

world while never stopping to look in the mirror at itself. Science from its beginnings was 

positivist; it was descriptive; it was accidental. It never stopped to wonder—at any great 

length, anyway—why it was doing what it was doing. STS, to come centuries later, 

would do just that.  

 The academic roots of STS began at the end of World War II, which was made 

possible by a ménage à trois of science, technology and humans. STS was the eventual 

culmination of two distinct veins of inquiry bred out of this environment: scientific 

introspection and technological philosophy. The former asked why and how scientists did 

what they did; the latter wondered, philosophically and in the abstract, what role 

technology played in all of it.  

 Kuhn’s seminal article “The Structure of Scientific Revolutions” in 1962 got the 

proverbial ball rolling for scientific introspection, raising some questions and providing 

answers about how and why scientists produce the knowledge that they do. He posited 
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that fields of scientific inquiry act like microcosms of society. These scientific 

microcosms revolve around thought paradigms and semi-hierarchical knowledge-

producing systems. From here, social scientists began to ponder about the two way street 

that is societal developments and scientific knowledge production.  

 Karl Popper, whose 1934 book “The Logic of Scientific Discovery” was 

translated to English in 1959, led the charge of falsificationism, a philosophical approach 

to science that ran against the prevailing logical positivism of the day.  Logical positivism 

purports that only those problems that could be solved by first-person observational 

experience with logical tautologies were worth solving. Popper was one of the first to 

look inward at science, peering introspectively in order to critique. He argued that logical 

positivism, which seeks to use induction to confirm theories, is not scientific because 

theories must be falsifiable. His criticism resounded well in science: it is one of the main 

tenants of the “scientific method” that has been codified in elementary school textbooks 

across the globe.  

 The Duhem–Quine thesis is a criticism of Popper’s falsificationism. It asserts that 

scientific hypotheses do not exist in a vacuum; instead, they exist more in the shape of a 

broom, made up of individual fibers of assumptions, definitions and circumstances that 

exist in a “web of beliefs” that can be adjusted “to smooth things out” (Sismondo, 2010). 

It relies mostly on the theory of Descartes regarding underdetermination, which posits 

that many times there are multiple conclusions that can be derived from the same 

evidence. This further brought society into the mix of science, by questioning the “belief 

web” that led to relatively homogenous scientific assumptions. It is here that we can start 
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to see the first real inklings of ANT form—the oft-touted ANT concept of difference may 

well have its roots here.  

 These specific cases of scientific introspection came at a time of a broader 

sociological functionalist movement that was sweeping the field of sociology during this 

post-WWII era (Huaco 1986). First put to paper by Kinsgsley Davis and Wilbert E. 

Moore in 1945, functionalism in sociology stresses that each part of society plays an 

ascribed functional role in the whole.  

 It was Robert K. Merton who, like Harvey with positivism in Geography, put 

methodology to this percolating functionalist frenzy. He saw science as serving the social 

function of adding to knowledge; those who do science (scientists) are rewarded for 

producing knowledge and penalized for detracting from knowledge (Sismondo, 2010). 

Scientists, in a functionalist perspective, are guided by societal “norms” that structure and 

guide their actions, producing an “ethos of science… that encouraged productivity, 

critical thinking and the pursuit of continually improved understanding” (Calhoun, 2010).  

 It is out of this tradition that Thomas Kuhn published his 1962 book “The 

Structure of Scientific Revolutions,” which was mentioned earlier. A year later, Popper 

publishes his seminal work Conjectures and Refutations: The Growth of Scientific 

Knowledge, which served as a summary of his views on the philosophy of science—or, 

scientific introspection.  

 Merton continued to be a main driver of the functionalist paradigm in sociology, 

and was soon flanked by Talcott Parsons, who developed a “highly original version of 

functionalism” that identified important postulates necessary for functionalist analyses 

(Huaco 1986 pg. 36). Functionalism, and its coincident ideas that science served a 
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societal purpose, continued to dominate sociology until the 1970s, when a group of 

historians, sociologists and philosophers based in Edinburgh emerged with “the strong 

programme.” 

 Those who invented the strong programme wanted to explain the content of 

scientific knowledge in sociological terms. To do so, they saw the beliefs scientists hold 

as objects of study, bringing with them two main concepts to the STS table: 

methodological symmetry and sociological finitism (Sismondo 2010).   

 The concept of methodological symmetry says that “ideology, idiosyncrasy, 

political pressure, etc., are routinely invoked to explain beliefs thought false” and thus 

“they should also be invoked to explain beliefs thought true” (Sismondo, 2010 pg. 48). 

This brings a sort of “agnosticism” to STS, which wishes to look further than traditional 

science does for explanations. It also means that humans and nonhumans are treated 

alike, because emphasis is placed on their relations and associations rather than 

necessarily on the entities themselves.  

 Finitism is a singular concept that states that scientific rules and terms do not 

automatically extend to anything beyond the case they are originally applied to (thus, 

they are finite). It looks skeptically upon the idea that, say, arteriosclerosis is a universal 

term for a specific disease (see Mol, 2002). The application of these terms to other cases 

is a process urged by social processes and interests, leading us headfirst into the heart of 

STS (Sismondo 2010). 

Technological philosophy 

 While the scientific method and philosophies behind that were percolating, so was 

the study of technology and society.  
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 Lewis Mumford, a philosopher and historian of the history of technology, 

published a book titled “Technics and Civilization” in 1934. Mumford’s book explores 

how technology serves and oppresses humanity, centering on the ideas of the polytechnic 

and monotechnic. The former type of technology provides multifaceted means for solving 

human problems; the latter is technology for the sake of technology, producing mega-

machines that oppress humanity and is an inherent disservice to society.  

 From this springboard came Heidegger’s highly philosophical “The Question 

Concerning Technology” into the English-speaking world (1954). In it, Heidegger 

explores the essence of technology, and the relationship humans have with it. The 

ponderous essay “focuses on the ways of thinking that lie behind technology,” and how 

understanding these ways of thinking can lead to humans having a ‘free relationship’ 

with technology rather than the current norm of manipulation (Waddington 2005).  

 Both of these technology philosophies see technology as the product of scientific 

rationality that has a distinct flavor of technological determinism (Sismondo, 2010). The 

aftermath of the two world wars and the onset of the Cold War saw a rise in 

technophobia. In tandem with this new sentiment came a host of movements critical of 

science and its role in environmental degradation and the war machine (Sismondo 2010; 

Giere 1993). Known collectively as the Radical Science Movement, this social 

constructivist vein sought to critique the positivistic and modernistic idea of 

technological progress. As scientists and sociologists, they sought to provide 

“descriptions and explanations of the dynamics of technical change,” and do so primarily 

by conducting research in scientific research and development laboratories (Winner pg. 

365, 1993).  
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 It is out of these movements that STS emerged, interested in “understanding the 

social nature of science” with the goal of promoting a more socially responsible science 

(Sismondo pg. 10, 2010). It sees science as an inherently social activity, constructed by 

norms and communities like those Kuhn so aptly described. It sees technology as a study 

object of merit, as it is both a culmination of the social activity of science and the 

springboard for scientific engagement with society. To study the interplay of science, 

technology and society, the field primarily relies on case studies, claiming to go to the 

place where these things interact (usually individual laboratories) is where best to 

understand them (Law, 2015).  

 It is out of this field that Actor-Network Theory emerged in the 1980s. From the 

discussion above, we it will be apparent why ANT is composed the way it is  and why it 

works the way it does. A relatively recent phenomenon, ANT was developed primarily 

by three people who helped to flesh out its main tenets: Bruno Latour, Michael Callon 

and John Law. The three often have published articles and books together, but also act 

independently of one another. Here, I will outline some of their major contributions to the 

field as well as some important aspects of ANT as they have developed it.  

Introduction to Actor-Network Theory 
 I should start by saying that Actor-Network Theory is not a theory, though I will 

continue to refer to it as such for lack of a better word. Instead, ANT is a disposition and 

a way of doing things that seeks to disassemble networks and black boxes in order to try 

to reassemble them. As a method, ANT has a few hallmark ideas and ways of operating 

that are important to understand before we can get into the grittier parts of the theory.  

1.) ANT relies on case studies—a vestige from its parent field of STS (Law, 
2015). These case studies encourage an Actor Network theorist to focus on a 
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singular phenomenon or a single actor-network, which is itself unique and 
constantly changing.   
 
2.) ANT is inherently heterogeneous and inherently relational: every object or 
actor is different and shaped in its relations with other things (Law & Singleton, 
2012; Law, 2015).  
 
3.) ANT seeks to study these relations and how they have been assembled and are 
potentially reassembling (Law, 2015). This means that emphasis is placed on the 
acting that actors do rather than on the actors themselves; it means that Actor-
network theorists are primarily concerned with how first and why later.   
 
4. Part of ANT’s heterogeneity is that it relies on materials of different kinds to do 
its work, namely: people, technologies and inscriptions (Law & Singleton, 2012).  
 
5. ANT employs methodological symmetry—that is to say, it seeks to explain 
seemingly dichotomous things using the same terms. In doing so, we collapse 
multiple scales and hierarchies. Thus, ANT rejects the concept of the Global and 
the Macro, which are seen as collapsed inside the micro. This is one of the more 
compelling arguments for case studies, and also allows the human and non-human 
to be explained using the same terminology.  

 

 Now that I have outlined at least some of the main aspects of ANT, I will now 

bring you through some of the more prevalent terminologies and concepts that underlie 

the theory.  

Black boxes 
 The idea of “black boxes” appears first in “Unscrewing the Big Leviathan” by 

Michael Callon and Bruno Latour and is further fleshed out in Latour’s 1987 book 

Science in Action. In Science in Action, Latour explains his use of the term comes from 

cyberneticians, who use this transdisciplinary approach to study regulatory systems and 

their use of technology. Cyberneticians’ use of the term refers to “a set of commands 

[that are] too complex” (Latour, 1987 pg. 3). Latour uses this to refer to machines or 
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ideas that are similarly too complex—and sometimes incorrectly assumed as too 

simple—for humans to take the time to unravel. They are the things taken for granted and 

taken as fact, never questioned and neatly contained. For example, when you say, “Let’s 

go watch some television,” you have just introduced multiple black boxes. You never 

question what a TV is. You generally don’t question where the programming is coming 

from or how it’s getting there. You don’t wonder or know why the shows that are playing 

at their specified times as you scroll through them at 7 pm on a Tuesday night run. You 

may not even be entirely sure why they’ve killed off your second favorite character.  

 ANT, however, seeks to unwind all of this. So when I say, “let’s open the black 

box of outer space,” I mean “let’s figure out how outer space gets to be outer space.”  

Centres of Calculation 
 Centers of Calculation can be said to be the ‘hubs’ of any network. They are the 

places where events, places and people are amassed and where work is continually done 

to maintain this cycle of amassing (Latour, 1987). ANT is concerned not necessarily with 

the place as an entity, but rather with the how of it: how do centres of calculation act at a 

distance on so many unfamiliar events, places and people? Places are important, but they 

are important as centres of action. Latour posits that they become so by inventing means 

to:  

“(a) render them mobile so that they can be brought back; 
(b) keep them stable so that they can be moved back and forth without additional 
distortion, disruption or decay, and 
(c) are combinable so that whatever stuff they are made of, they can be accumulated, 
aggregated, or shuffled like a pack of cards” (Latour, 1987 pg. 223).  

  

 These places are usually physically small but serve as powerful accumulators: 

laboratories, offices, conference rooms—rather than in countries or corporations as a 
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whole—are where work gets done. There is observable, physical movement that goes 

through these places, and these are the things that we can trace and follow. We 

unfortunately are ill-equipped to trace such ideas as Capitalism or The USA Agenda, but 

we can trace the flow of goods through a border patrol station at the US-Mexico border 

and we can trace how a new military satellite makes its way into Geostationary orbit 

22,000 miles above Earth.     

Methodological Symmetry 
 Though I have already detailed it briefly above, methodological symmetry is one 

of the hallmarks of Actor-Network Theory that makes it too ‘radical’ for some and 

extremely useful for others. In short, methodological symmetry seeks to explain entities 

using the same terms. This is rather confusing to understand at first, but makes complete 

sense with a bit of explanation.  

 ANT focuses on the acting and not the actors, pushing the actors to the 

background in favor of highlighting what they are doing. This de-emphasis of the actors 

removes traditional biases and assumptions inherent in science and academia. It also 

removes traditional polarities and dualities that tend to dominate and bias academic 

discussion: things like the global/local; small-scale/large-scale; East/West; first 

world/third world.  

 In his paper “Mixing Humans and Nonhumans Together: The Sociology of a 

Door-Closer,” Latour, under the pseudonym Jim Johnson, provides an excellent example 

of how methodological symmetry can be employed to bring non-humans into the 

sociological fold. Latour uses the idea of an automatic door-closer to show just how 
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embroiled the non-human (specifically non-human technology) is in the functioning of 

our society because we delegate human tasks to technology.  

“If, in our societies, there are thousands of such lieutenants to which we have delegated 
competences, it means that what defines our social relations is, for the most part, 
prescribed back to us by non-humans. Knowledge, morality, craft, force, sociability are 
not properties of humans but of humans accompanied by their retinue of delegated 
characters. Since each of those delegates ties together part of our social world, it means 
that studying social relations without the nonhumans is impossible” (Latour/Johnson, 
1988)  
 

This methodological symmetry manifests itself by writing the actions of non-humans just 

as we write of actions of humans: If we can say ‘Human A talks to Human B,’ we can 

also say that ‘Satellite A talks to Satellite B.’  

Agency and performativity 

 In postmodern and poststructuralist thought, the idea of agency is constantly 

called into question. The former by its seeming rejection of it, the latter by placing it 

firmly in the context of time and space (Gubrium & Holstein, 1995; Cresswell 2013). 

Latour somewhat identifies agency in the postmodern sense through highlighting 

performing (Latour 1987). Performing emphasizes the acting over the actors, the present 

and immediate materiality over the unnecessary and immaterial past, future and context. 

While postmodernism tends to de-emphasize agency altogether, though, Latour ascribes 

agency also in the poststructuralist sense, as grounded in time and place and concerned 

with time and place (Latour 1987). He further is interested in the agency of actors in that 

he sees them as desiring to control interactions. This desire to control interactions 

manifests itself in the concepts of translation of interests and interessement.  

 There is much criticism in ANT regarding this Machiavellian-style emphasis on 

controlling interactions, but, one could argue that by studying how power and control are 
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shaped in interactions, we can undo it and potentially use this deconstruction to “radically 

make a difference” (Law, 2015).  

 This control of interactions and ‘acting’ of networks includes the researcher as 

well. In researching anything, a researcher inserts himself into the situation, disrupting 

networks and creating new ones, framing things and acting as a spokesperson for the 

people and technologies he is researching.  

 It is important to note that agency simply describes the condition of being able to 

affect something. This means that anything that can cause an effect on another entity has 

agency. Thus, when you turn on your microwave to heat up your long-cold morning 

coffee at 2 p.m., the microwave is acting on your coffee to heat it up.  

Translation, enrolment and OPPs 

 Translation is the act of taking a societal problem or interest and translating it into 

something the scientific community wishes to address. It is a ponderous course that relies 

on argument: the individual or individuals find it necessary to convince the wider 

community that their interest is worthy of attention. In doing so, the original actors must 

define the identity of new actors and their own identities as central to the problem. This 

imbues a distinct sense of agency to the convincers, and assumes that they wish to control 

the process of translation, ensuring that their desired roles in solving the problem remain 

the way they wish, and that the definition of the problem itself remains the way they want 

it to (Latour 1987; Callon 1986).  

 A part of this process, enrolment is identified in Latour’s Science in Action as the 

process of enlisting others to “participate in the construction of fact” so as to spread the 

idea through time and space (Latour 1987, pg. 108). Scientists are limited in funding and 
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influence—enrolling others ensures their ideas spread beyond the realm of the scientists’ 

immediate influence. This enrolment process, though, could potentially lead to the 

hijacking of the original actors’ idea. Because with more actors in the process, that idea 

becomes further manhandled, and there is a real chance of their positions in the cadre 

reigning over the idea getting chafed away.  

 The original actors, then, need to define themselves as an obligatory passage point 

(OPP) so that they remain central to the ‘thing’ (the idea, the discovery, etc.). In doing so, 

they try to solidify that, for example, they are the names cited in every paper that refers to 

the ‘thing.’ That they are what the ‘thing’ is named after. That they are the answers to the 

problem that is the ‘thing’ (Callon 1986).  

 Translation is one of the chief concerns of ANT, as it looks at the way scientists 

interact with other scientists and the rest of society; it also helps to create a methodology 

for studying science.  

The flattening of the landscape 
 A very geographic term, the flattening of landscape refers to the “flattening” of 

associations. Rather than “dividing, classifying or ranking, [which] do not do justice to 

the unpredictable and heterogeneous nature of the associations,” we flatten these 

associations onto one, non-hierarchical plane (Latour 1987, pg. 202). It helps us to study 

the “very production of place, size and scale” within social science (Latour, 2007). These 

three things comprise the 3-D sphere against which we lay the flat plane projection of the 

social, which social science has tended to assume is the sphere itself.  

 To explain this further, if we say, “Global production is increasing,” we are left to 

wonder: what on Earth does ‘global’ mean? If we focus in on the state-level, we can see 
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that this generalization of increasing production is broken down: two thirds of states are 

showing increasing production, but one third of states are actually showing decreasing 

production. If we focus in on an individual state, we can maybe see that productivity has 

increased differently at the city level: it has increased significantly in New York City and 

in Milwaukee, but it has decreased somewhat in Philadelphia. When we go to 

Philadelphia, we can see that productivity has decreased because two factories have shut 

down.  

 As you can see, explaining phenomenon at a global level masks the complexity 

that exists within. We can further aid this move by using methodological symmetry to 

eliminate the inherent dichotomies as we look into the how of things. By flattening this 

hierarchical landscape and eliminating the ‘global’ as an explanatory factor—or even as 

an entity—we can begin to see a new way of assembling the world.  

 Thus, using methodological symmetry, we flatten the landscape. So rather than 

studying the actors and their micro/macro power relations within the structure of the 

social, we study:  

“(a) how causes and effects are attributed 
(b) what points are linked to which other 
(c) what size and strength these links have 
(d) who the most legitimate spokespersons are 
(e) and how all these are modified during the controversy” (Latour, 2007).  

 
          This flattening of the landscape goes in direct contrast with the Astropolitical habit 

of looking at things from the state level. ANT inherently looks at things from the position 

of who (or what) does the acting in the most realistic sense of the term. States do not ‘act’ 

as there is no physical entity entitled ‘state’ that is doing any sort of work. No—acting, 

perhaps in the name of the state, is done by actual people and actual things in actual 

places.  
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Power and the Social 
 ANT has often been criticized for its amoral approach to the world. As an object-

oriented, relational theory, it de-emphasizes the individual and emphasizes what it does, 

effacing all structuralist and deterministic explanatory factors around power and agency. 

Further, it has been criticized for not properly addressing power imbalances inherent in 

prescribed networks. These criticisms are valid if you look only to Latour’s extensive 

work on ANT, which more or less lacks any lengthy discussion of power relations. He 

briefly mentions power relations when he discusses the social.  

 Coming out of the sociology of science, ANT seeks to eliminate the ‘the social’ as 

an explanatory factor. The social is often used as an unseen specific force that tries to 

extrapolate beyond actual face-to-face interactions. ‘Society’ is used to point to an 

amorphous construct that hangs over these face-to-face interactions, explaining them or 

giving them meaning. ANT sees associations between things as transient and difficult to 

maintain for long periods of time, and thus power relations are “ceaselessly renegotiated” 

in a landscape that is not stable, but rather complex and chaotic (Latour, 2007, pg. 66). 

 If you look to Callon and Law, however, these power issues are more definitively 

addressed—though, admittedly, with disheartening brevity once more.  

Ontological Multiplicity and generalized symmetry 
 Coined in Annemarie Mol’s The Body Multiple, the concept of ontological 

multiplicity posits that there are multiple realities at work in any given situation (Mol 

2002; Law and Singleton 2014). As realities are shaped by enacted relations, and 

relations are varied in strength and character at all nodes, it stands to reason that there 

exist, at any given time, many realities being enacted at the same time. Because in a 
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purely relational world, things are given form by their relations; outside those individual 

relations, things might be enacted differently, and ANT tries to realize this by not 

prejudging things before studying their relations (Law, 2015).   

 This also bolstered by Latour’s mentions of “many points of view,” which he 

claims are inherent in a complex world (Latour, 2007). That doesn’t mean that we 

necessarily need to be limited by only one viewpoint—it just means that we must move 

through different frames of references to wade through the complexity of any object.  

To make sense of all of this, Latour claims in his book Reassembling the Social that ANT 

uses three ‘moves’: localizing the global, redistributing the local and connecting sites. It 

is through this that we can finally see just how geographic Actor-Network Theory really 

is.  

Reassembling  
 Beyond these concepts are three important ‘moves’ that help to summarize and 

contextualize the reassembling of interactions that is done by ANT:  

 1. Localizing the global: In the first ‘move,’ localizing the global, we start with 

one local interaction rather than from the macro or the global. From there, we “lay 

continuous connections…to other places, times and agencies through which a local site is 

made to do something” (Latour, 2007). This is, essentially, following the path of 

translation.  

 2. Redistributing the local: The local, according to Latour, is not simply face-to-

face interactions that occur in one place at one time. The local is made up of—and 

defined by—a great many things that are inherently not local: “a bewildering array of 

participants is simultaneously at work in [local sites] and which are dislocating their neat 
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boundaries in all sorts of ways, redistributing them away and making it impossible to 

start anywhere that can be said to be ‘local” (Latour, 2007). Each of these localized sites 

are the “results of the action at a distance of some other agency,” and must be seen as 

such.  

 3. Connecting sites: This last ‘move’ combines the two previous ones and adds 

another dimension: a conduit. For any connection to proceed from one site, or locus, to 

another, some sort of transportation byway is necessary to get from one to the other. By 

bringing these pathways into focus, we push the loci to the background, chiefly because 

these loci are the target of activities and crossroads of many conduits (Latour 2007). 

Thus, the enactment of relations creates the brief, localized reality of any single 

interaction (Turner, 2009).  

The usefulness of ANT 
 The tools and ontology that Actor-Network Theory provides gives a contrasting 

way of approaching the world that is diametrically opposed to that of neoclassical realist 

theory that is utilized in Astropolitics. ANT reveals difference and complexity while 

undermining hierarchical norms and global explanations. Astropolitics emphasizes the 

inevitability of hierarchy with states at the top and power struggles determining a further 

hierarchy at the state level; Astropolitics emphasizes inevitable norms of behavior and 

action stemming from and explained by the assumptions of rationality and anarchy. 

Actor-Network Theory can disassemble these.  

 More specifically, Actor-Network Theory (ANT) is distinctly equipped to fill in 

the gap of cooperation in Astropolitics. Its emphasis on case studies allows it to explore 

al-Rodha’s relatively new geopolitical idea of symbiotic realism. Its emphasis on actors 
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and, more specifically, acting, can develop the human side alongside many other 

elements of the phenomenon of the humanization of outer space.  

ANT in Practice, or how ANT is actually done 
 As I have mentioned above, the strength of ANT lies in her case studies. The very 

nature of ANT, though, makes it very slow and very unique to implement; in 

consequence, it’s not very widely used and is never quite implemented in the same way 

twice. That said, it might be useful to explore some of the more famous case studies as 

well as some unique ones, so as to get an idea of what ANT looks like.  

 Callon, with his Scallop Paper, is credited with really implementing ANT for the 

first time. While he establishes a framework for future case studies by studying the work-

net assembled around studying whether a Japanese scallop-growing technique would 

work off the coast of France, he does not study this work-net with much depth. Instead, 

he uses this case study as a means of explaining his framework for tracing assemblages. 

We aren’t privy to his data sources or his own methodology. In short, we aren’t told how 

Actor-Network theory is done. While Latour goes into this methodology in more detail in 

his Science in Action, we still can benefit from seeing it done rather than hearing how it 

may be done. 

 Further case studies by the ANT triad continue in the same Callonian vein: they 

use brief case studies as illustrations of certain concepts. In a book chapter entitled 

“Society in the Making: The Study of Technology as a Tool for Sociological Analysis,” 

Callon continues with using short case studies to illustrate methodological points. He 

uses a case study of “an innovation” to show how tracing innovations can “transform the 

study of technology into a tool for sociological analysis” that leads to a “new 



49		

interpretation of the dynamics of technology” (Callon, 1999 pg. 84). The innovation he 

describes is that of the electric car, first introduced to France in 1970 by a group of 

engineers working for a company named Electricité de France. It follows the introduction 

of the idea of an electric car by these EDF engineers to prominence, conflict and eventual 

death. The analysis focuses on the weakness of this particular actor-network: the 

engineers failed because they failed to recognize the entities that they had constructed 

their argument around were actually simplified black boxes; and in not recognizing that 

these things were black-boxed, the engineers were unable to see how unstable the 

elements were inside the box, and could only watch, powerless, as they saw things slowly 

fall apart.  

 Another Triad case study lies in the same volume as the previous one. This case 

study is undertaken by Law, who picks up where Callon leaves off, and looks at how 

elements come to be stabilized in work-nets9. He does so by laying out the history of 

Portuguese navigation and exploration, detailing this history in a way that shows how 

associations are formed as other entities and associations seek to undermine the formation 

of new associations. He focuses on bringing to light the inherent adversarial nature of 

network formation, and how for an entity to exist in a network, it must make itself felt by 

influencing the formation or structure of the network in some noticeable way. While he 

does contribute further elaboration on the points of structure formation and the inputs 

associated with it, Callon still does not show us how to do ANT. The case studies that 

follow will provide us more insight on that matter. 

																																																								
9 (Law, 1999).	
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 The first case study I present to you is a much more recent example undertaken by 

Dr. Brian Maddox. His study is an “ethnographic account of adult literacy assessment 

events in rural Mongolia,” and particularly looks at how standardized tests are re-

contextualized as they travel from the centralized UNESCO headquarters many, many 

miles away and land in a new context, where they can be translated by new actors in 

novel ways (Maddox, 2014). He uses ANT as well as the concept of ‘embodied social 

interaction,’ hybridizing the two to create a methodology and theoretical framework with 

which to conduct his study. This highlights another aspect of ANT in practice: ANT is 

oftentimes like the Buddhism of theory; it is practiced harmoniously alongside other 

practices.  

 To conduct his study, Maddox embedded with the literacy assessment team in a 

Mongolian province in the Gobi desert. While there, he observed assessments being 

administered by the team to Mongolian individuals in their homes. He also conducted 

interviews with respondents and those administering assessments. This is a typical 

methodology practiced by those studying ANT, which oftentimes is done by a mixture of 

participant observation and interviews. Maddox structures his analysis by centering it on 

various ethnographic moments, illustrating aspects of literacy assessment by describing 

certain events in intense detail. This, too, is another common practice when conducting 

ANT case studies: describing events in a detailed and ethnographic manner. This, more 

than anything, helps us to follow Latour’s ant trail and to make sure that we properly 

employ methodological symmetry by not getting too caught up in scale.  

 Another example of storytelling that hits much closer to home for the purposes of 

this thesis is Peter Redfield’s “The Half Life of Empire in Outer Space.” While he 
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doesn’t strictly follow ANT, he explores “what it might mean to ‘provincialize’ outer 

space, considering locality relative to extra-planetary distance, and the asymmetries of 

history next to the symmetrical methodology advocated by Latour” (Redfield, 2002). To 

do this, Redfield tells the story of Kourou, French Guiana, the site of launch facilities for 

the French space agency CNES and the European Space Agency (ESA). His paper is 

most certainly not the Actor-Network Theory Latour imagined, but rather uses the move 

of methodological symmetry as a postcolonial tool to reveal the ineffectiveness of binary 

assumptions (global/local, East/West, etc.) and “the importance of replication within 

power” (Ibid). To do this, he sketches out a particular controversy between the local 

population and space station operators over a stretch of road leading through the Kourou 

space station. He brings in concepts of stronger networks and longer networks; as well as 

postcolonial ideas of time-knots that situate multiple temporalities in one single moment. 

In doing so, Redfield marries the previously dichotomous approaches of postcolonial 

studies and ANT, which is further evidenced in the next case study presented below. 

 In our next case study, Dr. Amit Prasad presents a case for the blending of 

postcolonial studies and science and technology studies through the use of ANT. He does 

so by studying research of MRI machines in the United States, UK and India. By using 

both ANT and postcolonial studies, he is able to properly “highlight the unevenness 

within networks and flows of knowledge, artifacts, and people by showing how even 

when scientific practice is contingent and emergent it can continue to be embedded 

within and operate through hierarchies of power which draw upon dualist colonial 

constructions of the ‘self’ and the ‘other” (Prasad, 2009). To do this, Prasad tells the story 

of MRI machines much in the Callonian manner. The story of MRI creation and diffusion 
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is used as an example of how colonialism is often present and Eurocentric in STS 

analyses—and that it merits addressing. In this critique of ANT and the larger field of 

STS, Prasad uses Latour’s methodology of science in action [FOOTNOTE: Just to 

refresh you, Science in Action was Latour’s book that called for studying science at the 

place where it happens—in laboratories. This going to the place has been a tenant of 

ANT, which Prasad has used in this study.] to argue that we should instead really be 

looking at science in motion, which calls us to look at science through not just physical 

places where it happens, but also through the various ideological domains, temporalities 

and histories where it happens. 

 In our final case study, we will see a stepping away from storytelling and a 

definitive move toward network description. In this case study, Drs. Palmer and 

Kraushaar look at the network of storm spotters and storm chasers in the United States. 

To do so, the authors describe the actors, centers of calculation, and how actors work 

together to create a decentralized network that converges on the aforementioned centers 

of calculation. In short, the authors describe a network, how it works and what it does, 

coming to the conclusion that perhaps actor-networks can really be “categorized as 

environments” themselves (Palmer & Kraushaar, 2013). This last case study is 

particularly important to us here because I will be primarily following in their stead, 

providing a descriptive case study of the Actor-Network that created Jason-3. 

 Hopefully, you have now come away with some idea of the variegated ways in 

which ANT is actually done. It is oftentimes a syncretized methodology used by various 

disciplines that is usually applied to specific case studies that may or may not be 

ethnographic in nature, descriptive in nature, or argumentative in nature.  
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Conclusion 
 Astropolitics, the millennial (read: tech-savvy) grandchild of political science and 

geopolitics, leaves much to be answered to. Its state-centered and realist approach creates 

binary black boxes (state/non-state; terrestrial/extraterrestrial; human/nonhuman) that 

merit unraveling and contain complexity that merits revealing. MacDonald has 

established that Geography, specifically human geography, is well equipped to rise to the 

challenge of state-centered outer space literature as a critical alternative. ANT, through its 

methodology and case studies, is well-equipped to take the study of outer space even 

further by unraveling the black boxes of the rapidly humanizing celestial, grounding this 

humanized (and non-humanized) orbital space firmly on Earth through the use of 

methodological symmetry and descriptions of assemblage formation.  
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Part IV. Methods  

Research Design 
 My research uses Actor-Network Theory to trace how satellites arrive at their 

orbits in outer space through a single case study of the satellite JASON-3. My research is, 

in true ANT fashion, heterogeneous in nature, both in terms of relational spaces and 

physical spaces. It will be focusing on the people, technologies and inscriptions involved 

in the acting of the network that created JASON-3, as well as the work-net that is 

continually producing and being produced by the existence of this satellite 1037 

kilometers above our Earth (See Law and Singleton 2012 pg. 6).    

 It aims to use the ANT toolkit to follow the “paper trail” of this international 

satellite’s creation from its origins in the mind of one oceanographer named Carl 

Wunsch; to the fruition of its materiality as dollar amounts hashed out in the Space 

Subcommittees in Congress; to its final launching from Vandenberg Air Force Base in 

California. This paper trail is made up of public source material such as committee 

meeting webcasts and videos, appropriations bills, bureaucratic publications, websites 

and blog posts and government bids and contracts.   

 I recognize that to trace the entire work-net of this satellite is a Herculean and 

chimerical endeavor. As this satellite contains a massive work-net spanning three U.S. 

governmental entities, two national space agencies, a number of contractors, the Atlantic 

Ocean, and almost two decades, I will be mainly focusing on the United States (read: 

NASA/NOAA) side of work-net. I chose to focus specifically on NASA work-nets 

mainly due to the agency’s increased accessibility and the inherent lack of a language 

barrier as all of its documents are in English.  
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 To structure research and analysis, I will follow the research framework of 

Michael Callon in his 1986 Scallop paper. In this paper, he identifies a number of 

‘moments’ that happen during his study of scallop scientists and farmers. I will be using 

these ‘moments’ that emerge from his study to frame how I term and analyze my 

collected data. I do understand that in doing so, I am essentially going against ANT’s 

tenet of difference.  

Callon’s identified ‘moments’ include: 

1.) A starting point of the network.  

 In his paper, Callon starts his analysis by first pinpointing the beginning of the 

phenomenon. In this case, it was a conference held in France in 1972. There, French 

scientists and fishermen began to acknowledge and address the problem of scallop 

overfishing in the country. I, too, will begin my analysis from a specified ‘starting point.’  

2.) The process of problematization, which includes the interdefinition of the actors and 

the definition of OPPs 

 In brief, the process of problematization is exactly what you might expect: it is the 

codification of the ‘problem’ that people are trying to address. To do this, three scientists 

who were at that 1972 conference wrote a series of papers that identified a number of 

other actors in the problem—a process Callon refers to as ‘interdefinition of the actors.’ 

In this process the researchers also define themselves as actors and begin to shape their 

roles in the process about to unfold. They also establish how the other actors benefit from 

being enrolled in the process. This argument for roles and benefits establishes what 

Callon calls ‘obligatory passage points,’ which are things that need to happen/occur for 

all of these interests to be satisfied.  
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 This one moment—particularly in the case of Jason-3—is actually the most 

dynamic of the five; it is an iterative, looped process that continues in perpetuity because, 

as we will soon see, bureaucratic agencies need to constantly justify their actions in order 

to keep specific actors enrolled.  

3a.) The process of interessement  

 The process of interessement involves the shaping of relationships through action 

that allows for actors to be properly enrolled in the process. It often involves 

disassociating actors from their usual contexts and redefines them in terms of the problem 

at hand. At its core, it is negotiation and argumentation. This will be particularly useful 

when analyzing the process of government contracting for the various aspects of satellite 

production.   

3b.) The process of enrolment  

 The goal of interessment is enrolment. The latter is the solidification of alliances, 

the acceptance of actors into the network and thus the process. The benefit of using this 

project as an Actor-Network Theory case study is that it contains a series of satellites, all 

almost identical, but that were formed by networks composed slightly differently as the 

context of relationships changed and as new actors entered the network.  

4.) The process of mobilization of allies 

 This is where the actors figure out “who represents whom” and “who speaks in 

the name of whom.” This part of the process is concerned with spokespeople, who often 

are the ones to speak for significant numbers of individual actors. They are powerful 

actors themselves, and often obscure the complexity of opinions and controversy within 
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the group they are meaning to represent. This is a very important aspect of actor-

networks, especially when involving a large number of actors.  

5.) The process of betrayal and controversy  

 This moment, though a bit strongly worded, mostly speaks for itself. Within any 

messy set of associations, there will be things that go wrong. This moment recognizes 

that aspect of networks. How things go wrong and how they are fixed are important parts 

in any acted network. In my case, failed technology, breaches of contract and time 

overruns are three types of betrayal/controversies that are particular to my study.  

Part I, Following the Paper Trail 
 This first part involves the aforementioned analysis of secondary sources. This 

research will inform the second part of my study, which involves interviewing involved 

parties about the production of JASON-3. I will be focusing most heavily on the 

American experience of JASON-3, though I will be delving briefly into the Actor-

Networks involved on the European side of JASON-3 production. I have identified six 

main sources of analysis for my secondary sources:  

 1. The United Nations (UN)  
  a. World Climate Research Programme documents 
 2. Congressional budget meetings both in the United States House and Senate  
 3. National Aeronautical Space Administration (NASA) and National Oceanic 
and Atmospheric Administration (NOAA) documents.  
  a. Most of these will come from NASA, which did most of the work.  
 4.  European Organization for the Exploitation of Meteorological Satellites 
 (EUMETSAT) 
  a. Much of these documents are simply “review” documents published to 
EUMESAT member countries.  
 5. Centre National D’Etudes Spatiales (CNES) 
  a. Much of the CNES documents are promotional in nature.  
 6. Space Exploration Technologies Corporation (SpaceX) 
  a. Much of the SpaceX documents are promotional in nature as well, and 
include contracts found via NASA.   
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Part II, Primary Source Documents 
 This second part uses primary source interviews collected by NASA as part of the 

NASA Oral History project. These interviews provide personal context into the work 

done to form networks and the individual roles certain actors played in the formation of 

the T/P, EOS and WOCE networks. I also use a personal essay by Dr. Carl Wunsch, the 

progenitor of the T/P and WOCE projects.  

 Interview 1: Dr. Berrien Moore, April 4, 2011.  

 Interview 2: Dr. Shelbey Tilford, June 23, 2009.   

 Interview 3: Dr. Eric Barron, July 1, 2010.  

 Interview 4: Mark Abbott, June 22, 2009.  

 Dr. Carl Wunch, Personal Essay: This essay was written for an essay collection 

published in 2006 entitled Physical Oceanography: Developments Since 1950.  

Analysis 
 For my analysis, I will primarily use the practiced ANT methodologies of Callon 

and Law and some theoretical concepts laid out by Latour in Science in Action. I will be 

focusing particularly on the establishment of obligatory passage points considering the 

potentially rigid framework of bureaucratic norms and previously enacted networks 

between institutions. I will be ‘telling the story’ of the production of JASON-3 semi-

chronologically, focusing heavily on the formation of the original satellite mission 

network and its changes with succeeding satellites, ending at the JASON-3 satellite. The 

meta-framework overarching the chronological framework will be that of Callon’s 1986 

Scallop paper (the framework detailed above).  
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Limitations	and	structure		
 The sheer volume of data available on these satellites and the time constraints 

placed on the researcher have limited research to certain aspects of the work-net. For 

every thread we follow here, we preclude many more. Thus this picture is necessarily 

incomplete and will hopefully lead you to ask many more questions than we have here 

answered. As we wade through this work-net, be prepared, reader, for tense shifts (but, 

please, I beg of you, relax). The very fact that Callon’s moments often occur 

simultaneously has also led me to construct a narrative that is nonlinear out of 

necessity—thus, in this thesis, we are continually jumping forward and backward in time 

(and, not to mention, place). Encapsulating this nonlinear structure, the title of this thesis, 

The Case of Jason-3, is somewhat of a misnomer—this is really the case of its great 

grandfather, Topex/Poseidon, and leads up to the creation of Jason-3, whose launch on 

January 16, 2016 led me to this interesting assemblage.   
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Part	I:	Situate	the	problem	
 This is a story about the development of an ocean-observing satellite called Jason-

3. Its well-publicized launch by the company SpaceX in January 2016 led me to question 

why and how this satellite came into being. Where did it go? I had seen 3-D renderings of 

where satellites went—dotting the spaces of Earth’s gravitational field like so many 

electrons bonded to a nucleus. This outer space, so populated with human-produced 

satellites, seems so unbelievably far away. A budding Geographer with an advisor 

whispering the word relational in my ear, I realized that—no, that couldn’t be right. 

There must be something grounding these satellites, that there has to be more to this than 

just a line in a budget indicating ownership.  

 I found a black box begging to be opened.   

 We begin our story in the1980s, the decade that led up to the successful launch of 

Jason-3’s great-grandfather, Topex/Poseidon. The decade was a decidedly good time to 

begin satellite missions for the Earth Sciences, a discipline that encompasses 

oceanography. Computer technology was expanding rapidly as computers were 

decreasing in size and increasing in power, allowing for greater data storage and 

dissemination. The tech for the increasingly accurate collection of geolocational position 

was also seeing massive advances, and the Department of Defense was slowly rolling out 

its iconoclastic GPS satellite constellation. Science was also figuring out more useful 

ways of detecting reflectance on the electromagnetic spectrum (i.e. MRI machines, the 

launch of the first spectral imager Landsat-1, commercial-grade infrared sensors, etc.), 

and was seeing increases in the accuracy of technologies like radar that had been around 

for a long time. The inputs and infrastructure necessary for space flight were also slowly 

decreasing for established space programs, allowing for a larger number of smaller 
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missions. All of these advances created a ripe environment for observing the Earth from 

space with unprecedented detail. The biggest boon to the Earth Sciences in outer space, 

though, was the introduction of the words ‘climate change.’  

Scene:	The	climate	of	oceanography,	satellites	and	NASA	predating	T/P	

 As science and outer space technology saw large increases in the two decades 

preceding our satellites-of-concern, the climate of oceanography predating 

Topex/Poseidon was one of modest, although revolutionary, technological and scientific 

development. The 1960s saw the first environmental satellites equipped with infrared 

radiometers that allowed for earth surface temperature mensuration (Njoku, Barnett, 

Laurs, & Vastano, 1985). These initial environmental satellites allowed oceanographers 

to look at the Earth as a much more unified whole, though these initial satellites really 

only whet their appetites for more data.  

 The 1970s saw an increase in knowledge about oceanic processes—particularly 

about eddies, internal waves and atmospheric effects—derived from in-situ 

measurements and “sticky ocean models”—had previously been severely limited by the 

computer processing power of the time and by limited, local ocean measurements. 

Ocean-observing had largely been left out of the rapidly-expanding outer space industry, 

leaving oceanographers to rely mostly on ocean measurements taken by ships or a limited 

number of designated ocean buoys. That isn’t to say there weren’t any satellite-born 

oceanographic instruments: Skylab, launched in 1972, carried the first microwave sensor 

into space. Nimbus-7 also carried an oceanographic instrument into outer space. In 1978, 

oceanography also saw the launch of Seasat, the first dedicated oceanography satellite to 

ever be launched (Stewart, Fu, & Lefebvre, 1986).  
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 But with this increase in knowledge from these sources and others also came the 

realization that humanity knew so little about the world’s oceans: “over the past several 

years many more questions have been raised by society than oceanographers know how 

to answer” (JPL, 1981). With more knowledge, it seemed, came more questions.  

 Occurring simultaneously in the 1970s was also an international effort to better 

monitor global weather patterns by the meteorological community. Meteorologists were 

much better organized than oceanographers at the time, and held a significant amount of 

clout with national governments and in the international system relative to their anemic 

counterparts, oceanographers.  

 “Yet another relevant circumstance was the end of the so-called First GARP 

Global Experiment (FGGE), renamed, for the public, as the Global Weather 

Experiment,” writes oceanographer Carl Wunsch. This GARP program “had been put 

together by the international meteorological community” to address two goals: to 

improve weather forecasts and to understand Earth’s climate (Wunsch, 2006).  

 This GARP program had commandeered great seafaring resources with their large 

numbers and clout, largely leaving oceanographers out of the loop. While meteorology 

had been capitalizing on scientific advances and public support, oceanography had been 

left in the dust, a wrong that many oceanographers at the time believed needed to be 

righted.  

 
“An existing international system,” writes Topex’s Science Working Group in 1981, 
“—the World Weather Watch—reports twice daily the state of the atmosphere. This 
global system provides data for weather predictions, and through the accumulation of 
data over time, also provides the basis for understanding past and present climates and 
perhaps for predicting future climate as well. We know that the ocean also contains 
both a "weather" and a "climate." But there is no equivalent of the World Weather 
Watch; no international, routinely reported observations except at isolated points and 
isolated times. For this reason knowledge of the sea has lagged far behind that of the 
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atmosphere” (JPL, 1981).  
 
 However, oceanographer Carl Wunsch says that the meteorological community 

had a much harder time leaving oceanographers out of their second GARP goal: to better 

understand the Earth’s climate. With the findings of Roger Revelle—an oceanographer 

who successfully argued that the ocean was chemically incapable of absorbing all of the 

human-produced carbon as had been previously thought—and the findings of the 

Charney Committee founded by the National Research Council, the importance of 

climate change had been established both in the public eye and in the research 

community.  

 The Charney Committee met for an ad hoc meeting in Woods Hole, 

Massachusetts starting on the foggy morning of July 23, 1979. The committee was 

comprised of a few actors we will see crop up again in our story10. The findings of this 

Study Group were presented to the Climate Research Board of the National Research 

Council (NRC)11. Carbon dioxide, they found, would directly cause climate change if it 

were to continue increasing in the atmosphere. The oceans would slow the potential 

effects of this carbon-induced climate change for a while, but “there was no reason to 

believe that the changes would be negligible” (Ad Hoc Study Group on Carbon Dioxide 

and Climate, 1979). The committee also surveyed a number of scientific studies linking 

carbon dioxide emissions to climate change, concluding that the studies were “basically 

consistent and mutually supporting.” If CO2 in the atmosphere were to double and stay in 

																																																								
10	Please see Appendix A for the composition of the Charney Committee.	
11	The NRC is the research wing of the National Academies of Science, Medicine and 
Engineering, which was founded by Congressional Charter during Lincoln’s presidency 
as an independent scientific advisor to the government. The Climate Research board of 
the NRC also holds a few actors we will see again. Please see Appendix B for its 
composition.	
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the atmosphere for long enough, they concluded, the Earth would see up to 3 degrees 

Celcius of temperature rise that would cause serious changes in climactic cycles.  

 It was here, in this time of climate change, that oceanographers could justify 

wanting to better understand oceanic processes via costly satellite missions. After all, the 

atmosphere only contributes half of the known elements of climate. The ocean circulates 

heat from the equator to the poles, providing climate moderation; it also has a “large heat 

capacity” and serves as a heat (and to a much lesser extent, a carbon) sink (JPL, 1981). 

The study of climate change was beginning to matter in the 1980s, and oceanographers 

realized that they, so normally overshadowed by meteorologists, could now argue for 

relevancy.  

 It also happened at this time that the successful launch and collection of data from 

the Seasat and Geos-3 satellite missions, both which “demonstrated that meaningful and 

useful measurements of sea-surface elevation can be made,” had whet the appetite of 

oceanographers for dedicated satellite missions (JPL, 1981). These missions had 

demonstrated the willingness and interest of ocean-sensing satellite instruments to 

properly measure Earth’s oceans. The instruments, they had realized, should enrol in new 

satellite missions without any issues.  

 Seasat only lived for 105 days, working from June 27, 1978 to October 10, 1978. 

It was the first use of a radar altimeter to measure ocean topography, which it did at a 10-

centimeter accuracy. According to NASA, a “massive short circuit” in the satellite’s 

electrical system caused the failure, bringing to an end one of the world’s first Earth-
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observing satellites12. The failure aside, the altimetry data that had been transmitted in the 

short time Seasat’s hardware chose to function was very well-received in the 

oceanographic community. In fact, the very failure of Seasat caused a great deal of 

money dedicated to the mission to be freed up. Two and a half million dollars that would 

have gone to maintenance of the Seasat satellite program were released to researchers 

interested in studying the data from Seasat via an Announcement of Opportunity, 

allowing for more research than was initially planned, and, again, whetting the appetite 

for more of these highly useful altimetric measurements (Oceanic Processes Program, 

1982; Wunsch, 2006).  

 Geos-3, in operation from 1975 to 1979, provided four years of experimental 

oceanographic and geodetic measurements. It allowed for better estimations of satellite 

orbit determination, more precise gravity models and the demonstration of altimetry to 

measure sea surface height, amongst other things. These two satellites served as the 

immediate precursors to the Topex/Poseidon experiment that was about to form, proving 

the willingness of various instruments to enrol and providing data that then could be 

interpreted by scientific spokespersons to serve as a rationale for a new ocean observing 

experiment:  

 
“The usefulness of satellite altimetry for measuring sea level and the ocean topography 
has been demonstrated by a series of altimeters of increasing accuracy and precision 
flown on Skylab, Geos-3, Seasat, and Geosat (Mather, et al., 1980; Cheney and Marsh, 
1981a; Menard, 1983; Fu, 1983b). Data from Seasat have been especially useful and have 
allowed oceanographers to map the surface topography of the ocean and the oceanic 

																																																								
12	There is a conspiracy theory surrounding the abrupt end of Seasat. Some people think 
that scientists accidentally discovered that its radar systems could locate submarines, and 
thus were forced to destroy the satellite by the military. This highly unlikely, seeing as 
the same instruments have been flown on a number of different satellites that succeeded 
Seasat. However, the conspiracy does show that a segment of the population was wary of 
Earth Observing satellites	
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geoid in unprecedented detail” (Stewart, Fu, & Lefebvre, 1986).  
 
 These satellites, combined with a general and growing public interest in detecting 

the causes and implications of climate change as well as increased computer modeling 

technology allowed the formation of the work-net that produced T/P.  
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Part	II:	the	starting	point	of	the	work-net	
 
 Our story starts at a conference called the Committee for Climate Change and the 

Ocean (CCCO) held in Miami, Florida. The CCCO was sponsored by Intergovernmental 

Oceanographic Commission, the Scientific Committee for Ocean Research and by the 

aforementioned GARP, with the charge of understanding the role of oceans in climate 

change.   

 In attendance was one Carl Wunsch, an oceanographer by trade. Realizing the 

scope of current technological innovations and the relative ease with which developments 

could occur, Wunsch proposed something revolutionary at the Miami meeting: “that there 

should be an attempt to measure the ocean circulation and its variability, globally, as the 

oceanographic contribution to understanding the climate state” (Wunsch, 2006). It was 

well received at the meeting, and, according to Wunsch, a committee just on the precipice 

of formation now called the Bretherton Committee was relegated the task of exploring 

this idea of a global ocean experiment.   

 Also at this meeting was Robert Stewart, also an oceanographer. He proposed an 

experiment measuring the heat budget of a specific ocean sector as a precursor to doing a 

global heat budget experiment. This experiment was given the moniker the CAGE 

experiment, because it would literally involve building a cage around the proposed study 

area (Wunsch, 2006). The feasibility of the experiment was to be determined by the 

Dobson Committee.  

 It is here, at this Miami Conference, that the World Ocean Circulation Experiment 

and Topex/Poseidon satellite mission began. Conferences are short-lived, ephemeral 

events—a coalescing of data, spokespeople and interests for a few brief days—where 
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attendees are extracted from their contexts (labs, universities, workplaces) to serve as 

spokespeople for data that they have transformed into research, as well as to form new 

assemblages and work-nets for future data generation and research.       

 
  
Acting from Within: another set of actors 
 As the idea of a dedicated ocean circulation experiment was percolating in the 

mind of Carl Wunsch, an actor was working within NASA to advocate for the Earth 

Wunsch, a Key Actor, and a thesis author’s soapbox  
It is no secret that Carl Wunsch was the “intellectual creator and scientific driving 
force” behind T/P and WOCE (Marotzke, Lee-Lueng Fu, & Tziperman, 2007). The 
preeminent oceanographer is also often credited with creating four “revolutions” in the 
field of oceanography. After positing these experiments at the Miami Meeting, 
Wunsch managed to enrol NASA into his idea for a dedicated oceanography mission, 
and simultaneously managed to enrol a mélange of countries and earth science satellite 
programs to create an even larger network of oceanography measurements.  
 
Carl Wunsch is truly a testament to the heterogeneity of interests that inspire satellite 
programs. Though the T/P program certainly was an internationally collaborative 
project and was successfully enrolled into a larger, and truly global, network of 
satellites and programs, it remains a mission that was begun by one individual—not by 
a country, and not even by an agency. When we look at the humanization of outer 
space at the nation-level, we black box the complex reality of satellite production. We 
black box—and thus gloss over—the fact that oftentimes “national” interests are 
determined at a much more (Latour, forgive me) individual level.  
 
It should be noted that this mission isn’t an iconoclast: there are many missions 
initiated by academics who eventually become principal investigators [FOOTNOTE: 
see the Active Magnetospheric Particle Tracer Explorer (AMPTE) and 
Roentgensatellit (ROSAT) satellite missions for further case studies]. Through the 
process of translation, Carl Wunsch’s interests became the interests of a much wider 
audience. Wunsch’s interests became NASA’s interests through the Bretherton 
Committee; NASA’s interests then became the interests of JPL as NASA contracted 
out a feasibility study of the T/P mission soon after the establishment of the Bretherton 
Committee. The interests of NASA, it turns out, were parallel to the interests of 
CNES, which, in turn, became NASA’s interests, which then became Congress’s 
interests, which then became the interests of the public once funds were appropriated 
and the mission’s data was spoken for. 
 
That is a lot of interessement. But just as Carl Wunsch and colleagues acted to create 
this work net, we will work here to re-create it as best we can. 
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Sciences as a whole. Starting in 1981, Shelby Tilford, a physical chemistry scientist that 

had stumbled into NASA’s atmospheric sciences program, began talking to people, 

gauging their interest in flying new satellites and instruments in the name of the Earth 

Sciences. Particularly, Tilford was interested in creating a program that studied all of the 

Earth Sciences and how they work together—he wanted to study the earth in a way it 

never had been before: as a system. 

 Tilford got to talking with John McElroy, the head of the National Oceanic and 

Atmospheric Agency’s satellite division. NOAA was in the process of contemplating its 

next satellite initiatives—maybe to start developing the next generation of geostationary 

observatories or something equally ‘safe’ like that. Tilford quickly realized that John 

McElroy was interested in doing something more revolutionary. “He and I talked a lot,” 

Tilford said in a 2009 interview, “and I felt we needed a more robust satellite program for 

Earth Science to do a lot more things” (Tilford, 2009).  

 But while Tilford had gotten someone from NOAA on board, he found it much 

more difficult to interest NASA in new Earth Sciences initiatives. He and other parties 

interested in this new initiative—Dr. Dixon Butler, Burt Edelson and a few others—

approached the current NASA Administrator, James Beggs, but were unable to get their 

interests to align with his. The agency, Beggs had said by way of excuse, was far too 

focused on the Space Shuttle program. The space shuttle, a reusable spacecraft designed 

to bring humans and other goods into outer space, would be launching its first craft soon. 

NASA was focused on getting humans to outer space—the Earth Sciences really weren’t 

in its wheelhouse. The agency had only previously been interested in “technology 
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demonstrations” regarding the Earth Sciences (ES), anyway, so the rejection had been too 

surprising to the group of ES advocates. 

 Tilford didn’t let his vision die, though. He kept talking to people, continuing the 

process of interessement though he had failed to interest a number of different actors. He 

and his colleagues realized that if the proposed Space Shuttle were to orbit in polar orbit 

as planned, satellites could be launched directly from the space shuttle, saving on launch 

costs and the usage of precious fuel stored in satellites for placement and maneuvers. If 

this space shuttle took place, they could also make the satellites serviceable so that 

instruments could just be replaced rather than having to build a whole new satellite if one 

instrument breaks or a more accurate one is developed. It would be cost-effective and 

could be, Tilford thought, the future of the Earth Sciences. 

 It turned out that Bert Edelson, one of the cohort trying to get this ES program off 

the ground, and the NASA Administrator had roomed together when they were in the 

Naval Academy. Edelson went to talk to Beggs again, this time proposing the cost-

effective new measure that could also boost the prestige of the new Space Shuttle. Beggs 

was all ears this time, and finally said he was interested. This was the go-ahead the group 

needed. They began gathering together interested scientists from various Earth Sciences 

fields: oceanography, meteorology, atmospheric sciences, “land people” (a technical term 

used by Tilford).  

 The group of scientists put together a proposal—this new ES program was to be 

for and hopefully with the international community— and bring it to an international 

conference in Vienna, presenting it to ES researchers from around the world.  

 Much to the surprise of the U.S. scientists, nobody bites.  
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 Apparently, it was received as yet another instance of the United States simply 

waving around its hegemony in the face of its subjects. The United States, they said, 

would just observe the entire Earth and keep the data for itself. It was how it always had 

been: the US would fund major endeavors to collect data that only a precious few 

researchers ever could get access to. Why should anyone else be interested in such a 

program? The group was rightfully dismayed, and returned from the conference, 

according to Tilford, with the wind taken out of their sails. Though disheartened, the 

group received a second wind when Beggs told them he still wanted them to go ahead 

with it despite the initial lack of international support.  

 Realizing they needed to interest a large number of people in this proposed Earth 

Systems study to make it happen, the group “got together and agreed that [they] would 

set up this huge group of scientists from every aspect of Earth Science, get them together, 

and put together a plan for what this could and would do” (Tilford, 2009).  

 This was not as seamless as one might think. Or, if one happens to be a pessimist, 

it might have been exactly as chaotic as one could imagine. At the time, the umbrella 

discipline of Earth Science was rigidly fragmented, and the sub-disciplines did not play 

well together: 

 
“…oceanographers would barely talk to atmospheric scientists, and neither one of them 
talk to land scientists. In addition there was the geodynamics/solid Earth community 
which looked at things on a completely different time scale. There was simply very little 
interdisciplinary communications. It was three, or four, different, separate areas 
completely” (Tilford, 2009). 

 
 Bringing all the sub-disciplines together had never really been done before in any 

meaningful way, but to do so they contacted the head of the National Center for 

Atmospheric Research, Dr. Francis Bretherton, to chair their committee uniting Earth 
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Sciences. Dr. Bretherton had published papers both on atmospheric and on ocean 

research, making him a good candidate for uniting the disciplines. As well as inviting 

members that spanned the discipline of Earth Sciences, the group also sought to garner 

the attention of any agency that would agree to attend: NOAA, the National Science 

Foundation, Department of Energy, FAA, USGS, etc. They also expressly invited “all of 

the agencies that we thought might help us or complain about us.”  

 And thus, the Bretherton Committee was formed. It managed to interest a number 

of normally discrete actors and literally bring them to the table in an attempt to unite 

those interests. The Committee further generated interest beyond that of the immediately 

enrolled actors by asking for agency liaisons, who were not asked to enrol in their 

unfolding work-net; instead, they were simply asked to observe the work being done in 

the hopes that they might eventually become interested.  

 It was a brilliant interessement strategy.  

Problematization		
 The process of problematization in our work-net happens in fits and starts by 

different entities that narrow the problem down or widen the problem to suit their goals. 

For much of our work-net, this process of problematization is a parallel process that 

happens in different places and at different times, but that is connected by various actors.  

 After Wunsch’s Miami Conference, the Bretherton Committee (BC) formed in 

1982 and held its first meeting in the early parts of 1983. The BC was officially 

sponsored by NASA and deemed an ‘Advisory Council’ in November of 1983. The 

resulting entity was officially named the Earth Systems Sciences Committee, but is 
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known colloquially and universally as the Bretherton Committee (BC)13. NASA charged 

the BC with exploring three things:  

 
1. To review the science of the Earth as a system of interacting components;  
2. To recommend an implementation strategy for global Earth studies; and  
3. To define NASA's role in such a program. 

 
 These charges demonstrate the power NASA delegated to this committee: the 

Bretherton Committee members would be the ones to define the interests of NASA 

regarding Earth Studies. They also would be the ones to define how NASA was to do the 

work it wanted, in theory, to do regarding studying the Earth as system.  

 Though NASA officially sponsored the committee, the work was pro bono, the 

only financial endowment to members a Radio Shack TR-80 laptop that displayed four 

lines of 60 characters each on which to write their report and, of course, travel expenses 

(Moore, 2011).   

 

The Committee’s work was understandably slow. 

 

 Dr. Berrien Moore, an Earth Sciences researcher on the Bretherton Committee, 

states in a 2011 interview: “The committee was supposed to report out in a year, but at 

the end of the year we didn’t have anything to report. Shelby [G. Tilford] said, “Well, 

you’ve got to report out something.” And so we created a little foldout and it said “Earth 

System Science,” or something like that, “A Preview.” That’s all we had, we had some 

ideas,” (Ibid).  

																																																								
13	Earth Systems Science will now be abbreviated ESS.	
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 It just so happened that the committee’s lassitude (someone more forgiving might 

term it thoroughness) generated quite a bit of excitement in the oceanographic 

community and in the larger scientific community. Their quickly cobbled-together 

pamphlet had, oceanographic pun intended, made waves. Just after the publication of 

their pamphlet, NOAA’s Administrator officially requested receipt of the final Bretherton 

Committee report (Earth System Sciences Committee, 1988). They had, it seemed, 

tentatively interested another actor into their endeavor.  

 A year after publishing its pamphlet, the committee still didn’t have much other 

than a significant amount of documentation they had gathered and were beginning to pore 

over14. So, to placate the masses chomping at the bit for their findings, they published 

another document, a modest fifty pages filled with glossy pictures and charts, entitled 

“Earth System Science, an Overview.” The document defines what ESS is, officially 

marking the beginnings of a new meta-discipline linking together all of Earth Sciences in 

a way it hadn’t ever seen before:  

 
“The stage has been thus set for a new approach for Earth studies—Earth System 
Science—which builds upon the traditional disciplines but promises to provide a deeper 
understanding of the interactions that bind Earth’s components into a unified, dynamical 
system.” 

 
 The Overview then goes on to define the large task—the problem, if you will—

that ESS had to tackle: to figure out how this global system works.  

 As the BC had defined the problem, naturally it was qualified to come up with the 

way to solve it. The solution, the Overview claims, is to “carry out observations on a 

planetary scale.” And the only method of doing so is to carefully design “space-based 

																																																								
14	This is a phenomenon that I, a data-hungry Masters student, empathize with on a 
visceral level. But I digress.	
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systems” that are capable of observing the Earth as a whole while also conducting 

terrestrial in-situ measurements.  

 The committee also made sure to include plenty of praise for the satellites that 

could benefit ESS that were currently undergoing planning, research or development:  

 
“Of particular importance in the near term is a carefully constructed sequence of 
specialized space research missions required for the study of specific Earth System 
properties and processes. Each is characterized by a choice of orbit and spacecraft design 
tailored to achieve the particular objectives of the mission. These missions must therefore 
be flown separately, and in a sequence that yields optimum scientific return to the Earth 
System Science program as a whole” (Earth System Sciences Committee, 1986).  

 

 In writing this, the BC expressly stated their interests: that the satellites be flown 

on time and with little delay, a point they would reiterate warmly in their final document. 

They also identify a number of international programs bent on conducting in situ 

measurements that were important to the Earth Sciences and that were important to 

synchronize with the various satellites they identified. These actors were important to 

mobilize simultaneously to create a work-net that produced a large amount of inscriptions 

(data) that could possibly seek to understand the Earth as a system. The actors they 

identified are illustrated in the chart taken from their preview (Figure 1) below:  
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Figure	1,	“Earth	System	Science,	an	Overview,”	pg.	35	 

 Most famously, though, the Overview includes the Bretherton Diagram. The 

diagram awkwardly spans two pages in the original report, straddling the lacuna much in 
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the way it was attempting to straddle so many distinct disciplines. The renowned diagram 

is a conceptual model of how all of Earth’s systems actually work together: “it covers 

weather, it covers oceans, it covers land, it covers the solid Earth. We tried to put together 

something that would integrate the Earth as an integrated science program. That’s what 

the chart does” (Tilford, 2009). A more legible version, taken from the Tilford Interview 

document, is shown below:   

 

	
Figure	2,	The	Bretherton	Diagram—Complex,	from	the	Tilford	2009	NASA	Interview 

 The diagram, perhaps not very impressive now, was the first attempt of its kind: 

nobody had ever really attempted to link all of these varied processes, heretofore divided 

into discrete disciplines with discrete specialists, together.  
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 “The Bretherton Diagram began in the Snow Bunny Lodge in Jackson Hole, 

Wyoming,” reminisces BC member Dr. Berrien Moore in his 2011 interview. “Francis 

was not there, but I’m happy that it’s called the Bretherton Diagram, because Francis is a 

great scientist. We began at that meeting to describe exactly how we saw the Earth 

worked.” He and John Dutton of Penn State had decided to hold a BC meeting that just so 

happened to be in a place where both of them—ski enthusiasts—could get in a little bit of 

run time before settling down to some science. One afternoon when they’re working, 

Dutton writes a couple of equations used for modeling Earth systems on transparency 

paper on an overhead projector that was spilling out onto the hotel wall. Staring at the 

equations fuzzy and bright on the wall, Dutton suddenly has a burst of inspiration and 

realizes he had made a mistake in the equation that had been was gumming up the whole 

system; only—rather than fixing it on the paper, he jumps up and hastily scribbles his 

inspired correction in permanent marker on the hotel wall, much to the horror and 

amusement of the other attendees.  

 They had to pay for the hotel to repaint the wall. Though mundane, this anecdote 

from Tilford speaks about the places of the BC: work was done not in university labs or 

government agencies, but rather in impersonal hotel rooms and conference centers. 

Researchers were extracted from their contexts, pulled out of their own centers of 

calculation, to come together to work on something that had to be cobbled together over 

vaguely nutty, watery coffee and sticky-stale continental breakfast pastries. Bringing 

researchers, scientists and experts from around the country together to one place isn’t 

quick or easy, and the task before our intrepid BC members was sizable.  
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 “It was very interesting to me to see what later people thought was a brilliant 

marketing strategy,” Dr. Moore recounts in his interview, “was really a reflection that 

scientists tend to take a long time to do things.” 

 
Hurray for positive science! Long live exact demonstration!15 

 
 
 Some two years after the publication of their Preview, the Committee published a 

veritable tome entitled “Earth System Science: A Closer View.” The 1988 publication 

covers all components of Earth Systems research, including: plate tectonics, the 

atmosphere, biochemical cycles, the sun, earth system modeling, current and future 

instrument and technology development, and other topics.  

 In this document, the committee finally definitively lays out the problem and 

solution NASA is to solve. The recognition of the problem, writes the committee, comes 

from three sources: “The maturation of traditional disciplines, a global view of the Earth 

from space, and the recognition of the human role in global change.” The problem itself 

is simple. While there is an “intuitive notion that all the components of Earth must 

somehow function together,” there has yet to be any study of Earth to figure out how and 

in what ways they work together.  

 ESS would be there to take up the mantle of this new problem: “Earth system 

science utilizes global observing techniques, together with conceptual and numerical 

modeling, to investigate both Earth evolution and global change.” In asserting this, the 

BC establishes ESS as an OPP for understanding and solving this global problem.  

																																																								
15	From Walt Whitman’s Song of Myself.		
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 The BC then goes on to identify individual actors and define their identities in 

relation to the above problem. In order to understand global change and capitalize on the 

maturation of Earth sciences disciplines, new technologies and increased political 

interest, federal agencies would need to act—and soon. “The momentum,” they write, 

“cannot be allowed to dissipate.”  

 
 They begin by defining NASA’s role:  

“The National Aeronautic and Space Administration (NASA) will need to:  
 (i) Make the long-term commitment to Earth system science necessary to ensure that 
the nation's most advanced technological capabilities are marshalled to obtain and utilize 
required new global observations of the Earth that can only be obtained from space; 
 (ii) Fund the research and technological development required to carry out such 
global observing programs; 
 (iii) Implement space missions aimed at resolving important questions and issues in 
Earth system science; 
 (iv) Sustain the scientific research and the information system that will be necessary 
to transform global data into scientific knowledge of the Earth system; and 
 (v) Disseminate to other agencies those observational and data-management 
capabilities that prove to be effective and necessary for the long-term observational 
program required to document global change.” 

 
 In writing this, the BC confers on NASA plenty of responsibility, defining it as a 

key actor in solving the problems identified by ESS. If you remember, NASA had 

conferred great responsibility to the BC in its definition of the Bretherton Committee; the 

BC is now returning the favor, re-defining NASA by giving it ‘new’ roles. It defines 

NASA as the main hub of technological innovation that would deliver new ways of 

observing the Earth. NASA would also be the entity to carry out outer space missions 

intended to increase ESS knowledge. And finally, NASA would be the entity to promote 

and fund scientific research in ESS, and would then need to share that information and 

research with other agencies for an extended period of time.  
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 The BC also addresses the roles that NOAA and the NSF should play. NOAA, it 

says, needs to expand its role in observing Earth systems by “continuing its series of 

long-term global measurements, facilitating the research use of its operational data (both 

from the Earth's surface and from space), and by responding to research needs in the 

implementation of new observing systems.” The NSF simply needed to continue to 

encourage interdisciplinary research and to promote research related to ESS. The report 

also calls on other agencies (the USGS, Department of Energy and the Office of Naval 

Research) to enrol into the network as well, though it doesn't expressly define their roles 

in the document16.  

 These defined roles were the result of intense negotiation, but because of new 

technology, the spaces available for compromise were more generous than it had ever 

been before.  

 Back then, remembers Moore, “there was no Web, there were no servers, none of 

that. But there was this tele-mail, and it was offering a form of communication that was 

right at the heart of building a community. I’ve thought about, “What if we’d not had 

tele-mail?” I don’t think that any of this would have worked” (Moore, 2011). Telemail 

was a pre-Internet electronic mail system that operated primarily through telephone lines 

and modems. Without these text file sharing services, says Moore, trying to do work on 

the Bretherton committee “just would have been too episodic; you couldn’t have gotten 

from one meeting to the next, there wouldn’t have been enough connectivity. The space 

for compromise would have shrunk rather than expanded. It just wouldn’t have worked.”  

																																																								
16	It should be noted that all of these entities were represented as Agency Liaisons to the 
Bretherton Committee. 	
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 The acting of the T-80 Radio Shack computers and the file sharing services 

allowed the BC members (and the larger programs like TOGA and WOCE that will be 

mentioned later) to interact while far away from one another, subverting traditional 

geographic barriers through a new inter-net space in order to get work done. The meeting 

spaces in hotel rooms and conference centers were important, but just as important was 

the ability of members to stay connected beyond those meetings. The newly-introduced 

digital space of computers and electronic mail service that allowed members to easily 

share text files (apparently at the agonizing but then revolutionary rate of 4-10 seconds 

per page) strengthened the association between members that would have otherwise been 

limited to the physical spaces of hotel conference rooms and conference venues17.  

 After defining some key actors, the Closer View goes on to the goals of ESS as a 

whole, defined as “seven essential components” that are described below:  

 
(1) Sustained long-term measurements of global variables to record the vital signs of the 
Earth system and the features of global change;  
(2) Fundamental description of the Earth and its history to deepen our understanding of 
the planet on which we live; 
(3) Research foci and process studies to bring research efforts to bear on key Earth 
science problems;  
(4) Development of Earth system models to integrate data sets, guide research programs, 
and simulate future global trends; 
(5) An information system for Earth system science to facilitate data reduction, data 
analysis, and quantitative modeling; 
(6) Coordination of federal agencies to ensure effectiveness and efficiency in program 
implementation; and 
(7) International cooperation to further U.S. partnership in a worldwide re search effort18. 

 
 As previously mentioned, the BC had generated plenty of attention, and its 

members knew the future of ESS hinged upon its findings. The BC had been a brilliant 

method of interessement (locking allies into place) by defining a problem that appealed to 

																																																								
17	For more about Tele-mail, please see (Manassah, 1982).	
18	Not a direct quotation, but rather a paraphrase from the Closer View document.  
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many different actors (how does the Earth work as a system?), and then by occasionally 

extracting those actors from their contexts (labs and offices) and bringing those 

variegated actors to the table to negotiate interests. After years of negotiation, the BC 

then defined the roles of the actors, including our satellite, Topex, in a well-publicized 

document that held those actors to those expectations and definitions.   

 
Problematization, or when two problems intermingle:  
 So now we have two problems at play here: the problem posed by Carl Wunsch 

concerning ocean circulation and the problem posed by the Bretherton Committee 

concerning how and in what ways Earth systems work. These two problems coalesce and 

intermingle, creating, perhaps, a stronger argument for solving both. Wunsch’s solution 

(a dedicated ocean circulation experiment) is strengthened by the very strong clout of the 

BC, which provides prestige and endorsement of the program; the BC’s solution (to study 

Earth systems through earth observing missions) is strengthened with the addition of a 

new Earth ocean observing mission.  

Problematization, or when NASA accepts the problem and contracts its Jet Propulsion 
Lab to find out if a solution is possible 
 
 We are now here: Carl Wunsch poses his oceanography problem at the same time 

a group of plucky NASA employees pose their own Earth Sciences problem that happens 

to align with his. The Bretherton Committee is formed to address the larger problem of 

Earth Sciences, sanctioned by NASA and populated by a number of high-profile Earth 

Sciences researchers and scientists, including oceanographers.  

 So, at the same time of the Bretherton Committee formation (~1980), NASA also 

signs a contract with the Jet Propulsion Lab at the California Institute of Technology 

(Caltech), to determine the feasibility of a dedicated ocean circulation experiment. The 
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association between JPL and NASA is a long one that dates back to 1936, when 

experiments at the Guggenheim Aeronautical Laboratory at Caltech garnered the interest 

of the U.S. Army, which was looking for small rockets to help lift aircraft off the ground 

(NASA, 2016). Today the JPL is federally funded under a NASA contract but is managed 

and operated by Caltech. The two, after over 70 years of association, have now become 

somewhat synonymous, a symbiotic organism so entangled that JPL is often referred to in 

tandem with NASA (NASA/JPL) and now has its own NASA.gov addressed web portal.  

 Now under contract, JPL is tasked with “supporting the Science Working Group, 

defining an operational system for measuring ocean topography based upon the 

recommendations of the Working Group, and estimating the cost of conducting such a 

topographic experiment” (JPL, 1981). This cost estimation is termed a “definition study,” 

and includes a number of studies on inputs, measurements and models associated with 

satellite production and launch. The definition study, along with the funding of 

researchers in the SWG and other T/P-related expenses, costs NASA (or, more 

specifically, its newly-minted Oceanic Processes Program that boasted a staff of four 

persons and was created by the Environmental Observation Division, headed by its new 

Director Dr. Shelby Tilford) $1.6 million (Oceanic Processes Program, 1981).  

Problematization	hierarchy:	Or,	how	a	problem	once	deemed	Important,	dies 
 
 As I mentioned above, problematization is a messy process of winnowing and 

redefining. Here, we jump forward a little bit in time to watch as one work-net—that of 

the Space Shuttle Program—dissolves, strengthening the work-net of our satellite by 

increasing the interests of actors only marginally enroled.  
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 The space shuttle, designed to be the world’s first reusable manned spacecraft, 

was the Future of NASA. Previously mentioned by NASA Administrator Jim Beggs as a 

reason to not pursue a large Earth Systems program, the Shuttle Program ended up being 

somewhat of a blessing to T/P.  

 The year is 1986, and after five years and millions of dollars in planning, NASA 

is finally ready to officially start (called a “new start” in documentation) the 

Topex/Poseidon program. NASA has gathered a veritable army of spokespeople to 

descend upon Congress to speak to the efficacy and need for T/P in the hopes of 

convincing Congress to enroll and release the necessary funding. The year 1986 was, 

specifically, a fantastic time to introduce a new space endeavor precisely because of a 

large national tragedy: the Challenger accident. On January 28, 1986 the Challenger 

shuttle carrying five astronauts and two ‘payload specialists’ exploded over the Atlantic 

just off the coast of Cape Canaveral, Florida, less than two minutes after takeoff. It killed 

all seven people on the craft, including the first civilian (an elementary school teacher) 

ever to attempt to go into space.  

 The immediate response by the Regan administration was to ground all shuttle 

programs for three years while a presidential commission investigated the accident to 

determine its cause. It was later found that faulty technology and incompetent 

administrators who may or may not have known about said faulty technology were to 

blame. The accident threw NASA’s administration and very existence into absolute 

chaos. After it had landed on the moon in the 1960s, NASA had struggled with finding its 

next mandate. A couple of years later, it arrived at the idea of a space shuttle program, 
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which had then become NASA’s present and future focus—and that had all literally burst 

into flames within 73 seconds.  

 The mood of the meetings is best summed up by the chair of the Subcommitee, 

Senator Nelson of Florida:  

 
“Today, this subcommittee begins its examination of the NASA fiscal year 1987 budget. 
It’s going to be a very interesting year that is going to call on the best in all of us to try to 
assess what this 1987 budget should be in light of all the uncertainties that we are now 
faced with—uncertainties that are only compounded after we have all shared in this 
national tragedy. And now, we must work our way out of it, trying to determine what the 
impact of this tragic loss of the Challenger and its crew—what the impact is going to be 
on where America’s Space Program should go and how to adequately provide for it.”  

 
 Yes, times for NASA were rather grim, but it was also a time for rebranding:  

 
“The time has come for a fundamental change in the way we fund and operate NASA. 
Under the pressure of Gramm-Rudmann19, we must seize the opportunity to shift NASA 
from a shuttle operational agency back to an advanced R&D agency.”—Subcommittee 
member Rep. Robert Walker of Pennsylvania 

 
 The problem, Rep. Walker is saying, of getting humans into outer space was now 

moot. It was time for NASA to shift its interests and its focus back to research and 

innovation.  

 With the grounding of what had been NASA’s identity, the need for relevancy left 

NASA higher-ups scrambling. It was the perfect time for a new mission. Something 

foolproof and something innocuous to showcase NASA’s capabilities without further 

compromising the agency. Something scientific enough to be safe, but also practical and 

important enough to warrant funding.  

 Out of the ashes of one work-net arose another. It was time for TOPEX to shine.	

																																																								
19	This refers to the 1985 act sponsored by Senators Gramm and Rudman that raised the 
federal debt limit, but required across-the-board cuts to government in order to reduce the 
deficit.  
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Part	III:	Interdefinition	of	the	actors	
 The end of that little detour brings us back to the early 1980s, at the time when the 

BC was still scheming. Through working group meetings, international conferences and 

published reports and documents, we can see actors begin to get defined in our work-net. 

Though two separate Callonian moments, problematization and interdefinition occur 

somewhat simultaneously, and are often rather difficult to tease out. The question is: how 

do these actors (especially the ones with the ability to act and define other actors) reveal 

themselves and their interests? First, we will see interest is shown through membership 

on the different committees. It is also shown through financial means: NASA shows its 

interest by providing funding for a definition study and SWG. Instruments show their 

interest by enroling into previously-formed work-nets and by negotiating with other 

instruments to work in concert. It should be mentioned that interest is somewhat obscured 

by the documents I am using—when we look at documents, we only really see the results 

of interessement, not necessarily the hashing out of ideas that is the true acting out of 

interessement.  

 According to Callon, “Interessement is the group of actions by which an 

entity…attempts to impose and stabilize the identity of the other actors it defines through 

its problematization” (Callon, 1987). This naturally leads us to wonder something often 

thought of as taboo in the ANT world: who holds the power of interessement?  

	 The Science Working Group (SWG) JPL was contracted to support was 

assembled in February of 198020, some twelve years before T/P ever launched. The 

																																																								
20	At many points in my research, dates haven’t quite aligned. I believe this stems from 
not knowing exactly when the Miami and Vienna conferences occurred, and not being 
able to figure out exactly when the first inklings of the BC were formed relative to the 
Miami conference.	 
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working group was officially organized (read: appointed) by the Environmental 

Observation Group of NASA (JPL, 1981). The mantle of the Science Working Group 

(SWG) is weighty: they will determine whether the satellite program is technically and 

financially feasible, and if so, then they will determine how NASA was to do it. 

 The makeup of the group is displayed below:  

 
SWG 
Member  

SWG Institution SWG Affiliation Principal 
Investigator?  

Carl Wunsch, 
Chairman 

Massachusetts Institute 
of Technology 

Oceanography  Yes.  

R. J. Anderle Naval Surface Weapons 
Center 

Navy  No.  

Harry Bryden Woods Hole 
Oceanographic 
Institution 

Oceanography  No.  

Bruce 
Douglas 

National Ocean Survey Oceanography Yes.  

David 
Halpern 

NOAA Pacific Marine 
Environmental 
Laboratory 

Oceanography No.  

William 
Haxbe 

Lamont-Doherty 
Geological Observatory 

Geology No.  

James Marsh NASA Goddard Space 
Flight Center 

NASA Yes.  

Richard Rapp Ohio State University Geodesy  Yes.  
Joseph Reid Scripps Institution of 

Oceanography 
Oceanography No. 

Friedrich 
Schott 

University of Miami Oceanography  No.  

Robert 
Stewart 
(Project 
Scientist) 

Jet Propulsion 
Laboratory, and 
Scripps Institution of 
Oceanography 

JPL/Oceanography No.  

Byron Tapley University of Texas Geodesy Yes.  
Dana 
Thompson 

U.S. Naval Ocean 
Research and 
Development Activity 

Navy (prior work with T/P 
predecessor GEOSAT) 

No.  

Edward 
Walsh 

NASA Wallops Flight 
Center 

NASA No.  

Klaus Wyrtki University of Hawaii Oceanography  No.  
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 Each member brought their own expertises, interests and biases to the table and, 

much like a jury debating guilty or not guilty, was tasked with agreeing upon the answers 

to a number of questions:  

 
“1) What are the scientific problems that can be studied using altimetric 
measurements of ocean topography? 
2) To what extent are in-situ measurements complementary and required? 
3) What accuracy, precision, and spatial and temporal resolutions are 
required of the topographic measurements? 
4). What are the errors associated with the measurement techniques? 
5). What are the influences of these errors on the scientific problems 
addressed under the- first question?” (JPL, 1981). 

 
 In posing these questions to the assembled group, NASA created new problems 

for the group to solve and defined the role the group was to take in the process. The SWG 

was to determine the types of questions that altimetry data could answer; it was to 

determine the appropriate complimentary terrestrial measurements; and it would 

determine the requirements of the satellite (error budget, orbit, et cetera). In defining the 

SWG as the entity that would answer these critical questions, NASA—or, really the 

Environmental Observation Group within NASA—gave the group a large degree of 

control over the configuration and data outcomes of the mission. The acting of this group, 

then, in the form of debates and reports, would determine much of the satellite and data 

that would come from it.  

 To answer these questions, the members studied the new technology of satellite 

altimetry and debated the usefulness of a global oceanographic experiment in using it. 

The overarching question hanging over the members’ heads, though, was whether a 

global ocean observing satellite was necessary and whether it was possible.  

 So as not to leave you on the edge of your seat, I will tell you up front: the group 

concluded, in no uncertain terms that yes, a global ocean observing satellite was 
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necessary. At that time, they said, oceanography had only ever been conducted in-situ, 

off of boats and on buoys, a methodology that only produced local and regional-level 

results. In order to understand the problem of climate change (a new scientific buzzword 

at the time), large-scale weather patterns and ocean topography, a “system capable of 

routinely observing the world’s oceans” was completely necessary; and altimetry was 

undoubtedly the means to accomplish these feats (JPL, 1981).   

 Here, we arrive at the idea of a provable history—of a trust built by that history—

and how they ease the process of problematization, interessement and enrolment.  

 
“Experience with the present in situ technologies, and with past satellite missions leads to 
the conclusion that satellite altimetry is the only method with a demonstrated capacity to 
address the specific requirements for observing ocean circulation mandated by pressing 
national problems” (JPL, 1981).  

 
 We see that pressing national problems interest our working group members and 

that altimeters have previously demonstrated their interest in enrolling into networks that 

solve similar problems. Just as the question of researchers in Callon’s Scallop paper 

posed the problem, Will the scallops attach?, in their study, we now see the problem of, 

Will the altimeter function in the manner we need it to?, in our study. However—our 

answer comes much easier than it did for the scientists studying scallops in St. Brieuc 

bay. Our altimeter, unlike the Callon’s scallops, has a track record of enrolling in a 

similar context. And further, our altimeter has a gaggle of spokespeople and inscriptions 

to speak for its success. Were altimeters not to have demonstrated their willingness to 

enrol before, they likely would not have spokespeople (in this case, scientists like Carl 

Wunsch who were able to analyze satellite altimetry data as well as other scientists who 

published papers on it and could be cited authoritatively in meetings) advocating for their 
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enrolment now. Thanks to the brief data from Seasat and longer data from Geos-3, 

researchers knew: the altimeter would enrol.  

 Because of this prior enrolment, the question of whether the altimeter would 

function properly is not a question the SWG spends much time upon. Instead, it spends 

the bulk of its time posing another problem, borne of the SWG’s task to propose a 

preliminary outline of the specifications of the proposed satellite mission, a topic of 

intense debate amongst the assembled group. The group had determined that the mission 

needed to achieve 5 cm accuracy to derive meaningful scientific conclusions from the 

data; many of the discussions that followed centered around how to achieve that 

accuracy. The real problem that they pose is now: could they reduce satellite error to 5 

cm?  

 The 5 cm accuracy edict was proposed both because the researchers believed it 

was necessary for achieving a greater knowledge of ocean circulation and because they 

believed that they could actually overcome the forces that had previously been limiting 

them to a less desirable resolution. Prior to this proposed mission, satellite mission error 

was measured in meters and not centimeters, primarily because there was an incomplete 

knowledge of the Earth’s geoid and incomplete knowledge about the acting of Earth’s 

gravity field on orbiting satellites. But with a newly-proposed satellite called Gravsat, the 

large error caused by gravity inaccuracies could be accounted for; and, reasoned the 

SWG, if they engaged in rigorous studies of the Earth’s geoid, they would better be able 

to measure ocean surface heights and positional accuracy.  

 However, solving the error problem did not end there. Other concerns pile up: 

atmospheric drag pulls on satellites, slowing them down; solar radiation pressure nudges 
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satellites, contributing a few millimeters of inaccuracy here and there; changes in mass 

due to outgassing (expelling energy during maneuvers) could change the satellite’s center 

of mass, used in all satellite calculations; tides and the electromagnetic reflectance reality 

of waves can also introduce error; water vapor in the atmosphere can contribute to 

inaccuracy on the order of .5 of a meter; variations in ionospheric electron composition 

can introduce anywhere from 2-20 cm of error as well. They needed to assemble a 

satellite mission that could counteract all of these actors—a tall order that they began to 

lay out in this SWG Report.  

 Of these insidious actors, gravity, due to the uneven distribution of mass around 

Earth, was considered to be the highest source of error, which is estimated but largely 

unknown “at satellite heights.”  However, with the help of this new actor measuring 

gravity, T/P would be well on its way to high-precision orbit determination (JPL, 1981). 
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Figure	3,	JPL	1981,	Table	2 

 The means of addressing these errors are varied, but the SWG lays these out 

carefully, because if T/P is going to succeed, it needs this done perfectly. In their report, 

the SWG defines these counter-actors: To reduce error, T/P would carry instruments, 

actors themselves that would act to help counteract the acting of insidious actors. These 



94		

instruments and their acting are laid out in more detail below in our section on 

Enrolment. Another method of counteracting these insidious actors was to change the 

placement of the satellite itself. The satellite would be carried to a height of 1300km and 

would then position itself to an inclination of 65 degrees.  

 “This altitude,” they write, “is high enough to minimize the effect of atmospheric 

drag, and to slightly reduce the influence of errors in the earth's gravity field, although 

radiation forces will be slightly larger. The inclination provides high crossing angles 

between ascending and descending tracks at mid-latitudes, while providing good 

coverage of the world's oceans” (Ibid).  

 In choosing this height, scientists minimize the acting of the atmosphere and 

Earth’s gravity field on the satellite, but in doing so, they also become more subject to the 

acting of radiation forces, which they believe is less harmful than the previously 

identified insidious actors.  

 

 
 
 Another counter-actor identified is Noss (also sometimes referred to as NROSS), 

a new Navy satellite with a scatterometer instrument that was scheduled for launch at the 

same time as Topex in the late 1980s. It would help to counteract the acting of wind, 

which forces the sea surface and changes the topography T/P would be measuring with its 

radar altimeter. The SWG spends a significant amount of time describing this actor, and 

in particular, it spends a significant amount of time describing why Noss could not do the 

Gravity tugs continually at Jason-3, acting to pull Jason off the course that will allow 
it to continue to produce information valued for its repetition. Jason, thankfully, is 
equipped to undermine this insidious actor. Because the sun is also continually acting 
upon it, Jason is able to produce its own energy, which is stored in its power module. 
Using the converted electromagnetic radiation, Jason uses its propulsion module to 
correct its position as gravity seeks to drag it back into Earth’s atmosphere.  
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work T/P would do. Noss would also be carrying an altimeter; however, its orbit and 

inclination were wholly unsuited to measuring ocean topography and circulation. Instead, 

it would be better suited for determining sea ice, an aspect of the oceans T/P was not very 

concerned with. The SWG needed to define this actor as an actor that could not do the 

work T/P would be able to do, and instead defines Noss as complimentary to T/P. 

 Were Noss not to fly, the SWG determines that perhaps T/P should carry its own 

scatterometer; or, as a worst-case scenario, researchers would need to rely on in situ 

measurements and cloud motion observations by another loosely defined set of actors—

geosynchronous satellites.  

 

Orbit	determination,	a	closer	look	at	spokespersons		
 Jason-3 sails 1300km above the Earth, just as its predecessor T/P did before it. 

The question is: why? Why was T/P flown 1300km above Earth and not 800km above 

Earth like the Geos-3 and Seasat altimetry satellites before it? Why not 5900km above 

Earth like the geoid-sensing satellite Lageos? Looking back towards the Earth, as 

satellites are wont to do, is how we will find our answer.  

 T/P and his successors require very precise locational information to be able to 

make measurements within the SWG-specified 5 cm error budget. Were they to orbit too 

closely to Earth, they would be subject to atmospheric drag—where particles in the 

atmosphere act on the satellite to slow it down and jostle it around enough that it could 

seriously impact the high accuracy requirements set forth by the SWG. As height 

increases, the ability of tracking stations to spot the satellite also increases, allowing for 

more precise orbital determination and correctional maneuvers. This argument is laid out 

in 1981 by the Topex/Poseidon Science Working Group. The SWG uses data from the 
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Topex Precision Orbit Determination Group (ODG), speaking for the various graphs and 

equations (and, ultimately, the ODG itself) by interpreting them for us in their report.  

	

Figure	4 

 “Not only can the satellite be seen more frequently,” says the report, “but it can 

also be tracked over longer arcs, both of which lead to better estimates of the satellite 

orbit.” This “seeing a satellite” is how ground stations are able to track the satellite and 

how data gets sent from satellite to ground stations.  
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Figure	5 

 Here, we see the SWG making their case as to why it should have the orbital 

inclination of 65 degrees.  

 
“In order to sample as much of the ocean's surface as possible, the orbit should have an 
inclination as close as possible to 90°. However, this polar orbit has ground tracks that 
are nearly parallel (figure B.3), and this conflicts with the requirements that the 
subsatellite tracks cross at large angles in order to measure both components of the 
surface geostrophic current. 
A reasonable compromise between good crossing angles and good coverage is an orbit 
with inclination near either 65° or 105°. These orbits have ground tracks that intersect at 
angles near 40° at the equator, and that cover most of the open water in both hemispheres 
(it excludes the Norwegian Sea and parts of the Southern Ocean, but these compromises 
seem both necessary and reasonable).”  
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 The SWG then goes on to explain that there are various sorts of actors that play 

into the high error estimates for precise orbit determination:  

 

	
Figure	6 

 Without Gravsat reducing a significant amount of gravitational error, the mission 

would be unable to determine ocean topography; instead, it would only be able to 

determine ocean circulation. Acting in concert with Gravsat enhances T/P’s ability to 

explain Earth’s oceans, so the SWG emphasizes strongly the need for the two satellite 

programs cooperating to fly them together.  

 And here we see the final case being made: these six lines represent the only 

possible orbits for T/P based on the SWG’s analysis of sources of error for the satellite.  
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 The SWG also emphasized the importance of a very specific satellite tracking 

system, a data handling system to receive and store data (remember, this is happening just 

as computers are becoming a household reality), and a “comprehensive program to 

evaluate and apply the data” from the satellite mission.  

 It goes into further detail about a data evaluation program, though it does not 

address the data handling system nor the means for satellite tracking in its report. To 

derive meaning from T/P’s data, the SWG says they would need scientific spokespersons 

entitled Principal Investigators (PIs). These PIs would be from the oceanographic 
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community around the world, and would be selected and funded through a NASA-

sponsored Announcement of Opportunity. The SWG identifies other research funding 

actors as well: the NSF, Office of Naval Research and NOAA. These are the very same 

funding actors that the Bretherton Report had identified as important actors to Earth 

Systems Science research, indicating that these actors likely had shown interest in T/P as 

well as Earth Systems Science as a whole.  

 The SWG also emphasized cooperation in its report, alluding to but not 

mentioning a number of international efforts that were just gaining definition as TOPEX 

was.  

 
“The Science Working Group recognizes that an altimetric mission having perfect 
accuracy and precision, while providing a large number of benefits, is not in itself 
capable of completely determining the oceanic, circulation. Rather it provides a context 
in which other instruments, both existing and under development will become much more 
powerful…This is an ambitious program that blends space and conventional 
measurements into a program for the study of ocean circulation and geophysics. As such, 
it will require not only a carefully thought out satellite system, but also the cooperation of 
important segments of the international oceanographic community. In return, the program 
promises to provide a global view of ocean dynamics, a view that has thus far eluded 
oceanographers, arid to provide information of fundamental usefulness to oceanography, 
weather prediction, climate and fisheries.” (JPL, 1981). 

 
 These programs, specifically, are Tropical Oceans and Global Atmosphere 

(TOGA) Experiment, World Ocean Circulation Experiment (WOCE) and the World 

Climate Research Programme (WCRP). The TOGA experiment was a global aquatic 

endeavor to measure specific ocean elements on vessels and in situ (McPhaden et al., 

1998). It operated under the auspices of the World Climate Research Programme, which 

was established in 1980 by the joint sponsorship of the International Council for Science 

and the World Meteorological Organization. TOGA was part of the powerful work-net of 

measurement-taking that lent some of the rationale to the TOPEX experiment.  
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 The WCRP, wanting to understand “the contribution of the ocean to control of the 

climate system,” appointed an international planning committee to organize the 

international effort of WOCE. The membership of the original planning committee is as 

below:  

 
Member name Affiliation  Country Affiliation 
Francis Bretherton Earth Sciences (also chair of 

the Bretherton Committee) 
United Kingdom 

W. S. Broecker  Geology (also called the 
Grandfather of Climate 
Science) 

USA 

J. Crease Oceanography and Data 
Management 

United Kingdom 

Karl Hasselmann  Oceanographer/Climate 
Modeller  

Germany 

M. P. Lefebvre  CNES (also a project scientist 
on the Topex/Poseidon 
project) 

France 

K. Kimura  Japan 
A. Sarkysian  Oceanographic modelling Soviet Union 
John Woods Oceanography  United Kingdom 
Carl Wunsch, Chairman MIT (also chair of the 

Topex/Poseidon SWT) 
USA 

Data taken from (Wunsch, 2006). Each of these members served from 1982-1989. 
 
 As you can see above, the WOCE planning committee was chaired by none other 

than Wunsch, the chair of the Science Working Team for T/P and the proposer of both 

T/P and WOCE. Also on the committee is Francis Bretherton, chair of the Committee on 

Earth Systems Science that produced the famous Bretherton report. And finally, on the 

committee was Lefebvre, a scientist for CNES who worked as a project scientist on the 

T/P project. These members show the expansion of an assemblage centering around and 

branching from Earth Systems science. This sharing of actors enroled in different 

assemblages (or, one could argue, different aspects of a wider assemblage) allowed for 
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the stabilized and direct translation of interests from other parties. We will look further 

into WOCE and the WCRP, known to give strength to the T/P assemblage, later on.  

 Our SWG has now defined many of the various actors that would need to enrol in 

the work-net or that would act on the work-net. It also has answered whether altimetry is 

possible, but of course still needs to explain why it’s necessary—or, really, what the 

scientific problems are that could be solved using this instrument. This is, in a roundabout 

sort of way, another means of problematization. Instead of defining a problem and 

finding a solution, they really are given an instrument (satellite altimetry) and have been 

asked to determine the range of problems that might be solved by employing it. 

 They conclude that T/P will help to solve or understand what they term as 

‘societal problems.’ T/P would help to mitigate these problems by helping to understand 

“ocean circulation in past and future climate, the management of prime fishing grounds, 

understanding the movement and fate of both stable and radioactive pollutants, the 

collection of very much improved surface current and wave information for more 

efficient operation of commercial and naval vessels, and charting areas of significant 

acoustic variation” (JPL, 1981). Said more plainly, T/P data could help improve coastal 

ship navigation, which had previously mostly relied on bathymetric charts, and could 

help to prevent ships from navigating in waters too shallow for them. A better 

understanding of the ocean’s circulation could also help to understand the nature of oil 

movement in the ocean when oil spills occur. The program would also contribute to 

geophysicists, who would benefit simply from the mission’s prerequisite of a better Earth 

geoid. The “determination of the electron content of the ionosphere,” done by measuring 

the differences between the two frequencies of the satellite’s altimeter, would contribute 
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to the communications industry, which suffers from electrons constantly acting on radio 

waves.  

 Topex was to be a purely scientific satellite, with its main goal being to 

understand; however, it would also aid in these real-world areas, an argument necessary 

to justify this program to other actors that would need to be enroled later on.  

 

WOCE:	acting	in	concert,	and	the	problems	associated	with	it	
 
“The World Ocean Circulation Experiment gave a lot of the fundamental rationale to the 
TOPEX mission, and very distinguished people like Carl Wunsch at MIT [Massachusetts 

Institute of Technology, Cambridge] was pushing that forward” (Moore, 2011). 
 
 Concurrent with the first two years of TOPEX Science Working Group meetings, 

the Bretherton Committee and JPL searching for the perfect satellite bus were talks of an 

international ocean circulation experiment entitled the World Ocean Circulation 

Experiment (WOCE), as mentioned above. It was intended as a truly global effort to fly 

complimentary satellites simultaneously and to couple those missions with hundreds of 

in-situ measurements in an effort to study the dynamics of the world’s oceans. TOPEX 

was, of course, one of those missions that was intended to enrol in this expansive 

network; and Carl Wunsch, progenitor of this project, also spearheaded WOCE with a 

number of others. It also should come as no surprise that in 1982, Sarkysian, the USSR 

scientist on the WOCE planning committee, was officially inducted into the CCCO, the 

entity that sponsored the conference that eventually beget WOCE. And finally, the Chair 

of the CCCO at this time was none other than Revelle (if you remember, he was the 

oceanographer who really spearheaded the idea of oceans and climate as entangled) 
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himself. These meetings of boards and committees serve as spaces where actors may 

come together to form, strengthen and disassemble assemblages.   

 So again, in WOCE just as in T/P, Carl Wunsch was a main actor who was 

working to define the problems and actors in the program, as well as working to negotiate 

with other scientists from other countries to ensure a global ocean experiment really 

happened.  

 
“If you think back now to what we talked about with the Bretherton Diagram, the bottom 
of the diagram was the physics of the system. That’s the World Climate Research 
Program. The top of the diagram was the biology, biogeochemistry. That’s the IGBP. The 
place they intersect and where we used to have some battles was the water cycles. You 
had a program within the IGBP which dealt with the water cycle, and then you had a 
program within the World Climate Research Program that dealt with the water cycle.  
 
The IGBP [International Geosphere Biosphere] program was called BAHC, Biological 
Aspects of the Hydrologic Cycle, and the WCRP Program was called GEWEX [Global 
Energy and Water Cycle Experiment]. Those two often dueled with one another. I was 
always trying to get those people to stop fighting with one another, let’s enjoy both of 
them. The two IGBP and WCRP began to work together, even in difficult areas like the 
water cycle. We began every once in a while to have a joint meeting with one another. 
When I was head of the Scientific Committee of the IGBP, I would go to the WCRP 
meetings, and vice versa, Larry [W. Lawrence] Gates would come to the IGBP meetings” 
(Moore, 2011).  

 
 
 As you can tell from above, the WOCE and WCRPs did not go without their 

shares of controversies and actors with incompatible interests. There were 

oceanographers who tried and failed to have their interests realized, and who summarily 

refused to enrol; there were also plans that interested many oceanographers but that did 

not interest entities that provided funding or bureaucratic agencies that could provide 

implementation (Wunsch, 2006). It bears emphasis that plenty of ideas were proposed at 

these meetings and summarily died, never to come to fruition. It was only those ideas and 

plans that were able to mobilize strong assemblages that managed to survive. 
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 Carl Wunsch explains that one of the main WOCE rifts was that of 

oceanographers who were more concerned with parametrizing oceanic and climactic 

models and those who wanted a global quantitative description of ocean circulation. 

Those in the former camp wanted regional-level process-oriented observations to better 

climactic model parameters; those in the latter camp wanted, obviously, a global 

experiment. Many of those oceanographers that wanted process-oriented regional 

experiments to test out oceanic models refused to enrol altogether: they left in the midst 

of the process of interessement, their voices not loud enough or their opinions not shared 

enough.  

 Others were uncomfortable with working at a global scale because of the 

complexity involved in oceanic circulation and processes—there were simply too many 

“dynamical regimes and time and space scales” under which oceans operate for any 

global data to really interest these oceanographers (Ibid). Many oceanographers wanted 

programs that were more grounded in these regimes, and it was only through the fortitude 

of the various WOCE steering committees, Wunsch says, that the program remained 

global.  

 One of the stickiest points in the entire process of interessement here was that 

apparently many oceanographers thought T/P was a waste of money—that money should 

only be spent on in situ measurements. If money were not spent on this superfluous 

satellite, they reasoned, more money would be made available to making in situ 

measurements21. While this debate happened in conference and committee meetings, 

																																																								
21	This, of course, was patently false according to Wunsch. In situ measurement funding 
and oceanography satellite funding were not mutually exclusive, and, in fact, had nothing 
to do with one another.		
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none of it ever made it to NASA—mostly because those oceanographers most interested 

in seeing the T/P satellite happen were the very ones who had direct contact with both 

NASA and the platforms through which which these anti-T/P sentiments arose (Ibid). 

They were masterful at the art of interessement: conveying the sentiments of actors 

sympathetic to their cause and concealing the sentiments of actors antithetical to it. 

Oceanographic insidious actors, it seems, did not have either the access, means or desire 

to actually disrupt the assemblage that was taking root before them, despite their many 

protests.   

 Another large problem facing WOCE was cost: who would pay for it, and how 

could they possibly interest these potential funding sources to pay for it? The WOCE 

planning committee went about this by writing a list and defining potential interested 

actors—any institution capable of doing “high quality hydrographic work” (Ibid). By 

taking the number of years the WOCE planned to do its measurements (five) and by 

dividing those by the entities that could hypothetically do those measurements, the group 

made the extremely high financial cost of the program somewhat more palatable to the 

groups they were approaching for funding. This was yet another tactic of interessement 

that allowed for the eventual success of the program: reducing the complexity of the 

work-net and defining clear roles for each entity.  

 The WOCE group also had issues dealing with NASA and CNES as they tried to 

develop their T/P satellite. “National space agencies,” says Wunsch, “such as the U.S. 

NASA and the French CNES, have their own politics, dynamics, and a multiplicity of 

constituencies. International space agencies (ESA) are immensely complicated 

organizations attempting to respond to diverse national preferences and priorities.” In 
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short, space agencies had their own stabilized networks that they had to work to maintain; 

WOCE was trying to insert itself into these networks and make itself known, which it 

found difficult to do when a cacophony of acting was already happening all around. 

WOCE members needed to work closely with these agencies to ensure their satellites 

were flown at the right time and in concert with one another and with the planned in situ 

measurements.  

 To enrol all of these actors into the program and at the right times, Wunsch said 

that he and other WOCE members emphasized the interest of each party in the work of 

other parties: “much of the strategy consisted of telling oceanographic funding agencies 

that WOCE had to be done within a finite time interval so as to take advantage of 

independently funded satellite missions, and simultaneously telling the space agencies 

that the satellites had to be flown in a finite time window to take advantage of the 

independently funded in situ WOCE program.”  

 It was a small act of concealment (one might also call it deception) that the 

WOCE planners used to try to lock their allies (read: funding sources) into place. The 

interest of each actor lay in the added benefit each provided one another, because, 

ultimately, each had goals (to better understand ocean circulation) intimately connected 

to one another. The difficulty arose not in the process of interessement, but rather in the 

process of enrolment, where fixing the agencies that had indicated interest in enroling 

into a commitment that required action proved much easier said than done.  

 

What’s	in	a	name?	How	a	backslash	came	to	be.		
 Somewhere along the long, meandering way of work-net building, perhaps in a 

WOCE planning meeting attended by both Wunsch and an oceanographer named 
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Lefevbre, a discovery is made: both the USA and France were each trying to launch a 

satellite altimeter to measure ocean circulation. The United State’s mission was named 

Topex; France’s mission was named Poseidon. An idea is floated: what if they combine 

the missions? It would certainly be much more cost-effective, a fact that would greatly 

benefit the nascent NASA Topex mission that was currently suffering from ballooning 

costs and a fiscally slash-happy Congress.  

 It turns out that after contracting out “satellite definition studies,” NASA had 

determined that the cost of Topex was just too great. That the mission could not go 

forward. So it is here, in 1982 that we see the natural bureaucratic progression toward 

detailed design plans deferred and Topex members going back to the drawing board, 

trying to find a way to make the oceanography project as cost-effective as possible22. The 

individuals who had already enroled into the process and who had invested so much time 

in it were worried: Topex couldn’t end up like the failed NOSS program, a behemoth 

National Oceanic Satellite System that spanned three agencies (NOAA, the Navy and 

NASA) and failed to pass financial muster in 198123.  

 To be flown, T/P needed to be as financially austere as possible. Cooperation 

wasn’t a word NASA used often…but in order to fly this satellite, it couldn’t hurt to try, 

right? 

																																																								
22	Information from the NASA Oceanic Processes Program Annual Report, FY 1981. 	
23	A similar fate would befall its successor, NROSS, in 1988. Under the Gramm-Rudman 
cuts, the defense budget had been significantly slashed, causing the Navy to re-prioritize 
in its new budget and walk away from the NROSS program. With the Navy’s personnel 
and funding gone, the work-net quickly fell apart and faded away. Here, we can see the 
power Congress holds as an Obligatory Passage Point; however, we can also see its 
limitations as an actor: it merely holds the purse-strings. We will visit this more later on.		
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 Trying, in the bureaucratic world, meant a Joint Feasibility Study, which both 

France’s CNES and the USA’s NASA conducted through 1983. After many meetings, 

international flights and technical reports, each agency produced a study that concluded 

that, yes, the two agencies were actors that could easily work together on a joint 

oceanography mission. A phase B study published by both organizations in December of 

1984 confirmed their union officially (Yamarone, Resell, & Farless, 1986). Together, 

they could mobilize a stronger and more diverse work-net than acting alone. The two 

missions, Topex and Poseidon, would be joined to form Topex/Poseidon.  

 

Defining	the	actors:	a	contractual	process		
 After the Topex definition study is published in March 1981, JPL can finally start 

the process of searching for actors to create the various aspects of the proposed satellite. 

Here, we look at JPL’s search for the vehicle that would carry the proposed 

Topex/Poseidon instruments. It is a long process, and JPL starts as quickly as it can. To 

do this, JPL initially puts out a Request for Proposals (RFP) for companies that could 

recycle old satellite bus designs for the purposes of T/P. Using an old design would save 

money, and the Topex mission needed to be lean where it could. Topex, a program by 

scientists for scientists, was not as flashy as the Space Shuttle program and thus could not 

afford to be as costly. It receives a number of proposals from large companies: Boeing, 

RCA Astro-Electronics (later acquired by Lockheed Martin), Rockwell International, 

TRW Space and Technology Group, Fairchild Industries and likely a few others as well24.   

																																																								
24	I could only find documentation for these five, but as these documents pre-date the 
Internet, a lack of documentation does not necessarily preclude others from ostensibly 
throwing their hats in the proverbial ring. 	
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 During Phase A of the RFP25, JPL determines that three companies may compete 

for the chance to enrol into the T/P network. Fairchild Industries, RCA Corporation and 

Rockwell International are each selected to conduct eight-month studies on $1 million 

dollar contracts to put together bids for a Topex-only satellite and a Topex-Poseidon 

satellite. Rather than create an entirely new satellite bus, these companies were (because 

it bears mentioning again) tasked with reconfiguring known satellite buses for the 

purposes of T/P as a cost-saving measure (JPL, 1983; JPL, 1984).  

 JPL eventually selected Fairchild Industries, speaking for their Multimission 

Modular Satellite bus, to enrol into the expanding T/P network (Dunbar & Hardin, 1992). 

The MMS would later be compromised by a lift system that rebelled and simply refused 

to enrol—but that is a story for another time.  

	 	

																																																								
25	Things generally have a Phase A and a Phase B in all things NASA.		
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Part	IV:	Interessement	

Negotiating	with	Congress,	a	mobilizing	of	allies	
 Sometimes, actors in a network might be presupposed and relatively stabilized. In 

the formation of our T/P work-net, Congress certainly makes itself known as an actor that 

must be enroled, but whom needs significant convincing to do so. The process of 

interessement, or convincing Congress that it should fund any particular program, is 

rather stringently prescribed. At play here, then, we have an actor (the House 

Subcommittee on Space Science and Applications) who is already very clearly defined, 

and whom is being courted by a group of actors who serve as spokespersons on behalf of 

other interested actors. The way the review of NASA’s budget works is thus: a number of 

groups with interest in the space industry send spokespersons to Capitol Hill, where they 

submit prepared statements to the subcommittee and testify on behalf of NASA’s 

proposed budget. The different groups highlight different aspects of the budget that 

interest them the most (the spokespersons for the country’s Engineers will testify on 

behalf of the engineering marvels NASA has been producing or is proposing to produce, 

etc.), and then provide some insight into the topics for the assembled group of 

Congresspeople.  

 The document we are wading through here is an 800 page document regarding 

NASA appropriations for Fiscal Year 1987.  

 
A time to shine 

“In the 1987 NASA budget, we identified two particularly praiseworthy items: 1. A new 
start is planned for TOPEX, the Ocean Topography Experiment. This joint U.S./French 
program will provide valuable measurements of the surface topography and physical 
characteristics of the global oceans. The initiation of this program, the highest-ranked 
new start candidate by the NASA Space and Earth Science Advisory Council, indicates 
the possibility of starts in the near future for other deserving flight programs that have 
been waiting for many years…Congress should approve TOPEX in NASA’s FY ’87 
budget. This low risk/low cost program offers substantial research benefits to 
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oceanography and meteorology.” –James Heiatt, Chairman-elect of the Space Systems 
Technical Committee, American Institute for Aeronautics. (pg. 29) 

 
 The testimonies of a number of spokespersons emphasized different aspects of the 

TOPEX program, but all were unanimous in their support of it.   

 
 Mechanical Engineers voiced their support:  
 

“Our Task Force was especially pleased to note the projected starts of the Ocean 
Topography Experiment (TOPEX) to improve understanding of the circulation of the 
oceans and their influence on the global environment (weather) and of the continued 
development of the Scatterometer to measure wind velocity on the surface of the ocean. 
Knowledge from these types of programs could provide considerable financial return to 
the nation’s maritime industry. Besides the better understanding of the creation of giant-
storms, i.e., typhoons and hurricanes, this type of research might better prepare the world 
and regional fishing fleets for the changes in the earth’s current patterns.” –John W. 
Robinson, Chairman, Task Force on Civilian Space Policy, Aerospace Division, 
American Society of Mechanical Engineers 

 
 
 The National Research Council, an entity with significant clout in academia, 

where it supplies funding for various research projects, also voiced its warm support as 

well:  

 
“We welcome the appearance in the budget of the requests for new starts for Topex…We 
note that if Topex is approved and added to the scatterometer on the NROSS satellite and 
UARS—the upper atmosphere research satellite—that the environmental observations 
program at NASA is getting along well toward implementation of some of the strategy 
that has been developed by the Space Science Board’s Committee on Atmospheric 
Sciences, and that it is a very positive thing.”—Dr. Thomas Donahue, Chairman of the 
Space Science Board of the National Research Council 

 
 A member of the Bretherton Committee is also there to represent: Dr. Lennard 
Fisk:  
 

“I hope we never lose sight of the fact that the Nations’ future depends on space and that 
we are indeed a spacefaring nation. Our long-term economic health depends on it, and as 
human beings we need to understand our place in the universe…The university scientific 
community provides the backbone of space research in this country. It is the source of 
new talent, new instruments; analyzes the results from missions. It is, however, a very 
fragile enterprise. The number of groups that have through recent years of quite minimal 
budgets, of budgets that have not kept up with inflation, this number of groups is a 
minimum level and we must ensure there is a continuity of funding to these groups, so 
that they are not dissolved, never to be reassembled,” says Dr. Fisk, Chairman of the 
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Space Science Working Group, Association of American Universities and member of the 
Bretherton Committee.  

 
 He emphasizes the clout that academia holds in the process of outer space 

research, underscoring, I hope, what this paper has already outlined. The research 

community, though, relies heavily upon funding from the government, a bilateral 

relationship that only works if funds are allocated to them. Congress, Fisk is saying, 

should be interested in supporting the research community because it performs necessary 

work. He continues:  

 
 “Unless we take very deliberate, well-considered actions to protect the university space 
science community in these times of shuttle reprogramming and budgetary reduction, it 
will be irreparably damaged…The grief over the loss of the Challenger crew was 
accompanied by an overwhelming resolve to continue and move forward with the space 
program…in the 1987 budget there is a new start for TOPEX and funding for instruments 
to be flown as part of the International Solar Terrestrial Program. These missions provide 
for an orderly advance of U.S. space science and are essential to the continuity of the 
program…In the current fiscal year, Gramm-Rudman-Hollings inflicts a 4.8 percent or 
$75 million cut on the Office of Space Science and Applications; comes in the second 
half of the fiscal year. It appears as if it is going to fall disproportionately large on the 
research and analysis funds, and this reduction will result in the unanticipated 
cancellation of grants and will cause serious damage to the orderly execution of 
university science…If the reduction of this magnitude is inflicted on the Office of Space 
Science, the Nation will cease to have a viable space science program…[The budget] 
must protect the university space science community so that it can continue to be the 
underpinning of space science in the future, and it must advance space science, with the 
new start for TOPEX and with support for the ISTP. Let’s not compound the shuttle 
tragedy by doing irreparable harm to the space science effort.” 

 
 In the face of significant budget cuts, Dr. Lennard Fisk provides a compelling 

testimony on behalf of the space science research community, showing that Congress is 

not just an OPP for satellite programs—it is also an OPP for researchers, another 

important actor in the assemblage designed to solve the problem of ocean topography and 

circulation. In the 1987 fiscal year, the austerity measures imposed by the Gramm-

Rudman Act sought to cut the budget for the Office of Space Science and Applications 

by 4.8 percent, a reality that the university community, represented by its spokesperson, 
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Dr. Lennard Fisk, sought to challenge. This budget reduction would effectively cut a 

large number of researchers out of the various assemblages (NASA research initiatives) 

they had previously been enrolled into, affecting not only science in the short term, but 

also science in the long term by dissolving important assemblages that might not ever be 

re-assembled. Dr. Fisk emphasizes the work researchers do as important actors in the 

system, attempting to impress upon the members of the committee how severe the 

enacting of budget cuts would be. The spokesperson argues that researchers are essential 

actors in the various assemblages that make up the black box that is the nation’s “space 

science efforts.” In previous budget hearings for the FY 1987, spokespersons for various 

interests had declared that funding a replacement orbiter was a necessity; Dr. Fisk was 

arguing against that idea and was trying to get the members of the committee enrolled in 

the agenda of the group he represented. A vote in favor for funding of R&D was, in 

effect, a policy decision giving import and recognition to the importance of researchers as 

actors in the outer space assemblage.   

 
 Under questioning from members of the subcommittee, Dr. Fisk was pressed to 

elaborate on his plea for continued university research funding in light of the Challenger 

failure, which would require a significant amount of limited financial resources to 

rebuild:   

 
“In the case of the university community, we have built over 20 years this infrastructure 
in the university which is the essential underpinning of space science. It depends on 
research and analysis funds—mission operations and data analysis, suborbital programs, 
flight programs—and our only encouragement is, don’t make budgetary decisions which 
do damage to that in order to make an expedient decision to fund a fourth orbiter or 
launch vehicles or what have you.”  
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 Here, Dr. Fisk is very emphatically asserting the importance of researchers and 

attempting to undercut the importance of the orbital mission in competition for the 

limited funding Congress has to dole out. In response, the committee member recognizes 

the expertise of Dr. Fisk as a spokesperson for the reality of the work-net he is rather 

ignorant of himself:  

 
“Most of us on the committee—the chairman might be an exception here—are laymen in 
regards to these priorities. The chairman used to be before he got involved with the space 
program. But these are tough, tough choices for us, and it’s devastating to hear this kind 
of testimony, and it’s tough for us to decide between satellites or ocean research or 
science versus the shuttle. I guess we are looking—I know I am—looking for a little 
guidance.”  

 
 It is important to note that even though Congress is an important OPP and actor 

for our T/P program, Congress is exceedingly ignorant of the realities of this assemblage 

and has precious little to do with most of the moments identified by Callon and Latour. 

Congress does not engage in problematization; rather, it chooses whether or not to enrol 

in the assemblage by deciding to fund solving the defined problem (studying the 

topography of oceans) or choosing to not fund solving the problem. Once it chooses to 

fund the program, it also has little if nothing to do with the mobilization of allies 

necessary to solve the problem. Its only power lies in either continuing to fund the 

program in the next fiscal year and continuing its enrolment, or in betraying the other 

actors by deciding to not fund it in succeeding years.   

 Another interesting moment in this scene between Dr. Fisk and his previously 

silent companion Dr. Donahue, and the Space subcommittee, is the mention of an oft-

ignored actor in the assemblage: the public.  

 
Mr. Smith, Representative from New Hampshire: One final question—and Dr. Donahue, 
you’re the one that could answer it—are we doing well enough with our public relations? 
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There are so many things that science does, I sometimes wonder, in the pure sense of the 
research and the excitement that goes on in the laboratories and in the universities. I think 
we turn the students on, hopefully we do, and I’m sure that we do. Sometimes the 
perception outside, though, isn’t what it should be. 
 
Dr. Donahue: I agree with the sense of your question, and I think the community that 
bears the—should bear the brunt of the blame, and I think there is blame, is the scientific 
community itself. We are not good at public relations; we are not good at conveying the 
excitement and the importance of what is being done in science to the community, by and 
large.  

 
 Here Dr. Donahue is admitting that scientists have failed in large part to enrol the 

public into their problems they identify and how they act to solve them. What role the 

public plays in this assemblage isn’t mentioned, but the fact that the public was defined 

as an actor in some capacity certainly bears mentioning.  

 The Gramm-Rudman law, signed into law by President Regan in 1985, was a 

draconian darling of conservatives who praise it for attempting to address the federal 

deficit. It mandated a number of large cuts to the federal budget, impacting NASA to the 

tune of $322.7 million. In light of such cuts, Topex would be competing for the precious 

little in funding being allocated that year.  

 Further, TOPEX is here described almost as a foil to the Challenger, an “orderly 

continuation of space science” amidst a national tragedy. So even despite the significant 

budget cuts, it was indeed the time for TOPEX to shine. The testimony of Dr. Eddy 

below further illustrates that it was truly time for Topex 

 
“This is the third year that I have reported to this committee on progress toward a proposed 

International Geosphere-Biosphere Program (IGBP). When I came before you two years 
ago it was to impart a feeling, widely held that the time was now for an organized attack 
on a number of major environmental problems that are global in scale and 
multidisciplinary in nature: a feeling of restlessness, borne of concern, to get moving on 
critical problems of global change through a better understanding of the interconnected 
Earth. That early rustling in the sails of science is catching on, and building up—like a 
freshening breeze—and the ship, now restive, could soon get underway: on a voyage of 
new discovery to the ends of the Earth, for the good of all who live here. The technology, 
for the first time, is at hand: many are ready to sail and the tide is right. But whenever it 
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goes—under what flag and however it is fitted out—what is certain is that there is now no 
turning away from the concerns that drive it on its way: they are real, and growing, and 
ever more widely perceived.”—John Eddy, Chairman of the National Center for 
Atmospheric Research for an International Geosphere-Biosphere Program.  

 
 Representative Smith of the committee poses a just one question to Dr. Eddy 
regarding the international cooperation on the IGBP: Logistically, how are we doing 
internationally?  
 

Dr. Eddy: I remind you what a delicate situation it is to propose an international program 
and not—and to do it in a diplomatic way—and to not force something on the rest of the 
nations of the world.  
 
Chairman Nelson of the committee, himself a former astronaut, sees it important to point 
out that “you can see things from space in the ocean that you can’t see from the Earth. 
You can see incredible currents underneath the surface.” Chairman Nelson, it seems, is 
already ready to enrol, albeit without saying as much.  
 
Dr. Eddy agrees, saying: I would add to your better informed statement that the view 
from space of the oceans has probably been one of the biggest demonstrations of 
intellectual advances of anything in the space program because, as you point out, it has 
shown that there are hierarchies of ocean circulation there of an importance that we never 
dreamed of. The view of the oceans has been one of the most eye-opening parts of the 
whole space program, particularly when it is coupled with views of life in the oceans. I 
think that’s why we are very excited about the TOPEX mission and hope it can stay in 
there good and strong.  

 
 Topex, and the other two ‘new starts’ in the 1987 budget proposal were all three 

part of the even larger effort of the IGBP, bent on bringing together many aspects of earth 

sciences to better understand the entire earth system. Established in 1987, the IGBP was 

the answer of chemists and biologists to the international efforts of scientists to study 

climate. Dr. Eddy goes on to explain that the IGBP was slated to start around 1990 and to 

“last as long as we think it needs to to accomplish its aims, maybe 10 years.” The T/P 

mission was certainly not just meant to be its own assemblage, but rather to be a node in 

a looser assemblage of many four-letter programs (IGBP, WOCE, TOGA, WCRP, etc.) 

meant to ascend traditional disciplinary and political boundaries. 

 In Congress, after budgets go through their requisite subcommittees, they then are 

presented to the higher profile but significantly less substantive main committee. This 
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happened on March 11, about two weeks after the subcommittee meetings presented 

above. In his statement to the full committee, acting NASA administrator does something 

slightly differently than those speaking for TOPEX in the subcommittee meetings: he 

identifies new interested parties, giving the argument for TOPEX further import.  

 
“We anticipate that TOPEX will result in a greatly expanded understanding of how our 
ocean systems work. This will be of great benefit to both the ocean science community 
and to users of ocean data, such as shippers, fishermen, and others dependent on the 
oceans as a source of resources or income.”  

 
 In summary, most of the assembled spokespeople supported everything in 

NASA’s budget for that fiscal year, including, of course, the T/P program. I cannot say 

with any authority if this is the usual course of action in these annual subcommittee 

meetings, but I can say that Representative Bill Nelson was impressed by it:  

 
“It’s amazing that you all, representing the breadth of professionalism throughout your 
various societies and organizations, have spoken with such a unanimous voice today on 
such topics as guaranteeing that we have such a robust and vigorous space program and 
specific items, such as the orbiter, commercialization of space, the space plane, TOPEX, 
OMV, et cetera.” –Rep. Nelson 

 
 
 The rest of the meeting was dedicated almost exclusively to the Challenger 

accident and its financial implications. Because of the dual nature of the budgetary 

constraints and the Challenger accident, the next day the Subcommittee on Space Science 

and Applications and the Subcommittee on Transportation, Aviation and Materials met in 

a rather unusual joint session to discuss “the area of NASA as an institution” in light of 

the Challenger incident. That the Challenger incident continues to crop up in these 

appropriations hearings might seem inconsequential to our analysis of T/P and ultimately 

of JASON-3; however, this serves to be an important moment in the translation of the 

many actors’ many interests. Because the Challenger incident was the chief concern 
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during these meetings, the “new starts” were not dwelled upon very heavily, and the 

spokespeople for the various interested actors were overwhelmingly accepted in their 

presentations of ‘fact’ about T/P. Though the Challenger was certainly not an incident 

constructed to bring T/P into existence, it did serve as a distraction by which T/P could 

glide by the appropriations process remarkably unchallenged. It is a part of translation 

that Latour hadn’t necessarily envisioned, but one that worked rather well here.  

 As strange as it may seem, both Congress and the Presidency have neglected to 

supply NASA with any cohesive national space policy. This lack of a national space 

policy further muddies the water regarding hegemony and outer space. How can we talk 

about outer space on the national level when there is no national policy or strategy? By 

opening the black box of outer space, we can see that it is not as pat and neat as Dolman 

would like to argue it is.  

 

Interessement,	or	how	a	global	experiment	found	its	purpose	
 This is a section in which we explore: How did the negotiations and coordinations 

of international initiatives on the global scale26 occur? Where did they occur? By whom? 

Another committee may be our answer.   

 In order to ensure the world ocean circulation experiment actually happened, 

Wunsch and other oceanographers driving the experiment needed to impress upon the 

various agencies producing the satellites and measurements that they needed to 

coordinate. One of the interessement tools Wunsch employed was another committee 

sponsored by the nonprofit Joint Oceanographic Institutions, Inc. (now called the 

																																																								
26	I repeat my plea to the ANT Gods: forgive me. 	
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Consortium for Ocean Leadership). The group published a two-part report entitled 

Oceanography From Space: A research strategy for the decade 1985-1995.  

 In this report, the planning committee, creatively entitled the Satellite Planning 

Committee, identified five satellite programs that needed to be properly coordinated in 

order for oceanographers to receive the full benefit of all of them together rather than the 

partial benefit of each individually.  

 The group’s composition is displayed in Appendix H. If you look at the 

institutions from which these oceanographers come, you will start seeing patterns. Many 

of these researchers or the institutions from whence they come have been actively 

involved in the process of WOCE and T/P creation, perhaps leading one to speculate: was 

much of the acting and scheming about WOCE and T/P happening behind closed doors in 

faculty meetings or perhaps in university hallways or research labs? Without in-depth 

interviews of the researchers that were at these institutions at the time, I suppose we will 

never know. We may only follow the data we do have.  

 In its report, the Satellite Planning Committee positions itself as a spokesperson 

for oceanographic researchers, speaking directly to NASA, JPL, NOAA, the Navy, the 

NSF and others (read: the European Space Agency) to encourage them to work 

efficiently together. It also emphasized the need for the expansion of the beta NASA data 

archive system PODS so that oceanographers working to model global problems could 

have access to the datasets produced by the four oceanographic satellites that were about 

to be flown. The group also “strongly recommend[ed] that NASA and other agencies 

support the necessary meetings and conferences for participants in these programs to 

ensure coordination among them for the most efficient use of resources,” showing once 
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again the importance of conferences and meetings to the coordination of this global 

project (Satellite Planning Committee, 1984). See Figure 7 below for a depiction of the 

various satellite programs and efforts and their overlap.  
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Figure	7,	taken	from	(Satellite	Planning	Committee,	1984).	
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 With this publication, Wunsch and others were able to further put pressure on 

international organizations to cooperate in order to do the work they needed to do. The 

means to cooperation? More conferences and more meetings.  

 

Principal	Investigators:	a	strong	group	of	actors	emerges	
“In mid-1986, NASA will release an Announcement of Opportunitity (A.O.) soliciting 
science investigations that will utilize TOPEX/POSEIDON data. The investigations will 
be coordinated with the large, international oceanographic experiments planned for the 
early 1990s: the World Ocean Circulation Experiment (WOCE) and the Tropical Oceans 
Global Atmosphere (TOGA) Program.”—(NASA, 1986) 

 
 
 As hinted at above, the academic research community and NASA are intimately 

connected. They are a hallmark of Latour’s translation number one27: both NASA and 

academic researchers have a vested interest in the other being enrolled into the network 

of a new mission. For our satellite program, the explicit interests are the same on each 

side, as each actor wishes to better understand ocean topography and circulation. We 

could get into motivations (money, prestige, curiosity, desire to better the world in some 

way, etc.), but that would lead us to pure speculation. Instead, we will focus on the facts: 

NASA needs researchers to speak for the data its satellites produce; researchers need 

NASA to provide the data that they will then analyze and speak for (with, of course, 

requisite funding).  

 Well before the Topex mission ever launched (somewhere around five years prior 

to the fateful ascension in August of 1992), NASA and CNES assembled a team of 38 

Principal Investigators—the vast majority of whom were academic researchers—to 

																																																								
27	In Science in Action, Latour talks about Translation Number One: I want what you 
want. In this type of translation, an actor seeking to enrol another caters directly to the 
unenroled actor’s explicit interests, meaning they both want the same thing without much 
convincing needing to happen. 	
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justify the mission’s importance and to analyze data once the satellite was launched and 

transmitting viable data. Once the satellite dutifully transmits the data to the receiving 

station and said data is uploaded onto the NODS, NASA’s role has, somewhat, been 

fulfilled in this work-net. These principal investigators pick up the mantle of satisfying 

the purpose of the mission where NASA lets off28.  

 Thus: NASA provides the raw data to investigators; the investigators then use that 

raw data to complete NASA’s stated goals. How, then, does one get from point A, raw 

data, to point B, finished science?  

 The answer: enrol researchers via Announcements of Opportunity.  

 AOs act as a codified medium of interessement, a way for NASA to define its 

interests and for the agency to solicit researchers with explicit interests in the mission’s 

data. In the AO, NASA defines itself as an obligatory passage point for academic 

researchers: investigators cannot study the topography of the ocean without NASA’s 

data. The researchers then define themselves as obligatory passage points by writing 

compelling proposals for research that satisfy NASA’s mission. AOs aren’t means of 

convincing researchers to enrol—NASA already knows there are interested researchers in 

existence—instead, it is a means through which researchers can make their own interests 

known, and to establish themselves as necessary to the process. Now, NASA just needs 

to find the right actors to do so.  

 CNES and NASA release their AOs simultaneously in August of 1986. And then 

they wait. Applications pour in, pages upon pages of arguments and explanation—of why 

the applicant should be allowed to enrol into the work-net and what financial resources 

																																																								
28	This is obviously a gross oversimplification of what happens. NASA still needs to 
provide mission support and data collection upon satellite launch.  	
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are necessary to speak for the data that NASA would provide. Some of the researchers’ 

interests don’t align with NASA’s. Other researchers simply don’t make their cases well 

enough. Still others perhaps have neglected to submit a key aspect of the proposal, either 

through deliberate or unintentional negligence. The applications are winnowed down by 

the Earth Sciences division in the Science Mission Directorate with the advice and 

consent of the assembled SWT until 38 survivors from the slew of proposals remain.  
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Part	V:	Enrolment	
 Enrolment is the goal of interessement, of the negotiations that took place in 

Congress, in meetings, at conferences and in government contract bids. It is the 

solidification of alliances that were forged and a crystallization of roles and the 

beginnings of an actor-network acting together. In our work-net, we will now see things 

become official: appropriation bills will be signed; contracts will be awarded; Principal 

Investigators will be selected; NASA and CNES will legally consummate their 

partnership; instruments will decide whether or not they will enrol. Here, talk now 

becomes action.   

The	Science	Investigations	Plan,	a	study	of	Enrolment	
 Among its many duties, the Science Working Group was charged with assessing 

proposals for Principal Investigators—researchers and scientists interested in using the 

data gathered by T/P. Once the SWG selected the Principal Investigators (unsurprisingly 

including a number of individuals from the SWG), the PIs were assembled into a group 

called the Science Working Team (SWT), charged with putting together an official 

Science Investigations Plan, a document essential to codifying the interests of the various 

involved actors. This plan is the result of negotiations between the principal investigators, 

each of whom required the satellite to do a specific kind of work (for example, one PI 

proposed to study the general circulation of the world’s oceans, while another proposed 

to study a specific region—each would require slightly different satellite parameters, and 

compromises needed to be made to satisfy the goals of both PIs).  

 The first thing this Plan codifies is the scientific goals of the entire satellite 

program. These goals are the translation of the interests both of the SWG and the 
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Principal Investigators who, upon selection, became officially enrolled into the 

development and implementation of the program:  

 
“The primary science goal of the TOPEX/POSEIDON mission is to substantially increase 
our understanding of global ocean dynamics by making precise and accurate observations 
of sea level for several years. These observations will be used by Principal Investigators 
and the wider oceanographic community, in conjunction with the large-scale international 
Earth-observing programs, for studies that lead to:  
(1) Determination of the general circulation of the ocean and its variability; this will be 
achieved through combining sea level measurements with internal density field 
measurements of the ocean and models of ocean circulation. 
(2) A test of the ability to compute circulation that results from forcing by winds. 
(3) A description of the nature of ocean dynamics. 
(4) Calculation of the transport of heat, mass, nutrients, and salt by the oceans. 
(5) Determination of the geocentric ocean tides. 
(6) An investigation of the interaction of currents with waves. 
(7) Improvement in the knowledge of the marine geoid. 
(8) Increased understanding of lithospheric and mantle processes.” 

 
 
 Written for scientists and not for lay actors such as Congress, the Science 

Investigations Plan speaks much more technically, specifying how the goals were going 

to be achieved. These methods, called ‘mission requirements,’ were the result of intense 

negotiation on the parts of the principal investigators, who oftentimes needed to 

compromise their own interests for the sake of that of the mission as a whole. The Plan 

lays out fifteen different mission requirements that specify the ground track repeat cycle, 

allowable measurement error, accuracy specifications, the spatial specifications of 

satellite coverage, how and when the data are to be returned to Principal Investigators and 

the minimum length of the mission. It also lays out the instruments to be carried on the 

satellite, the frequency on which the data would be transmitted, the required accuracy of 

the instruments and their masses and satellite power usage.  

 
“The global change of our planet is a well-recognized phenomenon. The ocean, through 
its interaction with the earth’s atmosphere, biosphere and cryosphere, plays an important 
role in regulating the change of the Earth as a system…yet much about the global aspects 
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of the circulation of the ocean is poorly understood, largely because the ocean is so 
difficult to observe; its fluctuations occur over a wide range of spatial and temporal 
scales. Satellite systems are the most effective in providing the data necessary to 
understand the oceans on a global scale. TOPEX/POSEIDON is a satellite mission 
designed to use a radar altimeter system for the study of the global ocean circulation and 
its variabilities.” (Topex/Poseidon Science Working Team, 1991, pg. 1).  

 
 The introduction of the text then goes on to say that of the 38 selected 

investigations, 29 directly address the main objective of the satellite mission: knowledge 

of ocean circulation. The remaining nine investigations “are of critical importance to the 

success of achieving the mission’s main objective,” including deriving a geoid for proper 

ocean height measurement and properly calibrating the altimetry data (Ibid).  

 
“The selection [of investigators] was based on scientific merit of the proposed 
investigations and their relevance to the mission’s science goals. To maximize the 
mission’s science return, the Principal Investigators participate in mission design and 
planning before the launch of the satellite. After launch, they are expected to deliver the 
main scientific results of the mission.”  

 
 Principal investigators, once chosen, actively participate in the design of the 

mission and in planning before the launch of the satellite to ensure that the satellite is 

poised to give them the data they need. Once the satellite is launched, they are then the 

ones who analyze the data, giving the mission its results. For the T/P mission, the 

scientific investigators collaborated with the project organizers for an entire five years 

before the launch of the satellite in 1992. They were quite robustly enrolled into the 

network by NASA and CNES, and grappled with a number of other actors that served as 

barriers to the mission’s success.  

 In their investigation plans, not only do the researchers establish themselves as 

OPPs for the answer to NASA’s problem, a lack of knowledge about ocean circulation, 

but they also may establish themselves as OPPs for other investigators and researchers, as 

seen below.  
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“In the TOPEX/POSEIDON project, several satellite positioning systems…will be used 
to track the satellite and to provide accurate orbits. Unfortunately, these systems will 
provide their dedicated tracking-station coordinates and the satellite orbits in different 
reference frames. Each technique will use, de facto, a different reference frame. In fact, 
even for the same technique, each group, depending on the hypothesis used in its 
computation, will use a different reference frame.”  

 
 Here, the researcher, Claude Boucher of France poses a new problem: the data 

collected by the T/P satellite will have varying reference frames because the tracking 

stations are located in different places. This would create a discontinuity of data.   

 
“This problem is not new for geodesists and can be overcome, in large part, but could 
create trouble for other scientists when they compare or combine different coordinate 
data sets. The main purpose of this investigation is to determine a consistent terrestrial 
system for TOPEX/POSEIDON in which all the tracking-station coordinates, all the orbit 
ephemerides, and all the other station coordinates of specific interest (such as tide 
gauges) could be expressed.”  

 
 Here, Boucher engages in the interdefinition of the other actors (namely, other 

scientists who are not geodesists and that lack the expertise of a geodesist) and 

establishes himself as an OPP. If non-geodesists wish to accurately interpret the data, 

they must use his proposed consistent terrestrial system.  

 
“Another issue of this investigation is the provision of reliable information concerning 
the relationships between all the possible reference frames of interest for the 
TOPEX/POSEIDON project. To be more explicit, we plan to provide the possible 
transformation formula between the TOPEX/POSEIDON terrestrial reference frame and 
the Laser, DORIS, GPS and other internationally recognized frames such as the 
International Terrestrial Reference Frame (ITRF). All this information will be of great 
importance for any investigation that requires the combined use of different techniques.”  

 
 In this last statement, the researcher identifies another problem, defines himself as 

an OPP for solving that problem once again, and defines the other actors (this time ‘an 

investigation that requires the combined use of different techniques, rather than other 

researchers’). This new problem is directly related to the global nature of our satellite 

mission. To observe the entire globe at one time, researchers and ground stations would 
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need to escape from regionality and into globality—perhaps, if we squint, serving as a 

metaphor for this satellite program as a whole.  

 By strongly defining himself as an OPP (nothing, after all, would work 

harmoniously without his equations), an entity through which this program must go 

through to succeed, the researcher secured his position as a member of the SWT.  

 These investigations, conducted by researchers in labs and offices far-flung 

universities and institutes, are also coordinated with the global World Ocean Circulation 

Experiment (WOCE) and the Tropical Oceans Global Atmosphere (TOGA) Program 

(NASA, 1986; Topex/Posideon Science Working Team, 1991). The three were meant to 

run in tandem: while researchers for T/P conducted their global analysis from data 

collected over 1000km above the earth, boats in situ would collect complimentary data 

for the WOCE and TOGA programs, efforts the SWT was sure to mention in its report.  

 In our work-net, the power of interessement (defining the terms of enrolment) 

largely resides with the Principal Investigators. Once selected, they have the power to 

define many aspects of the work-net that will eventually act to produce a satellite. Many 

decisions must go through them, or at the least, must be vetted by them. They also are the 

ones who have the power to speak for the data collected so diligently by the satellites, 

ostensibly giving them significant leeway to come up with the answer of the problem of 

ocean circulation.  

 However, PIs used to be much more of an OPP than they were in the T/P 

experiment. Their ears ringing with the criticism from the failed conference presentation 

in Vienna, Tilford and others sought to make Earth Science data more accessible. At the 

time, PIs, once selected, had exclusive rights to use of a NASA mission’s data. No other 
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researchers had any access thereafter. This fact had led to a significant amount of rancor 

in the international community; hence, the poor reception of a US-funded Earth Systems 

program: none of the attendees at that meeting would have any access to the data. Why 

care?  

“For most of NASA’s history, the data that is obtained from any particular instrument, 
essentially all priorities and rights were given to the Principal Investigator [PI] and his 
team. Well, all of us, I think, or most of us, except for the PIs, felt that that’s not the way 
it should be. We figured if this was Earth Science, and we were spending all this 
taxpayers’ money on this program, that we had to change the data policy of NASA with 
respect to Earth Science” (Tilford, 2009).  

 
 This change of policy allowed for the international community to become plenty 

more receptive to the idea of cooperation around observing the Earth as a system. It also 

didn’t disgruntle PIs enough to make them unwilling to enrol in the various Earth System 

initiatives that were going on at the time.  

 That isn’t to say that the PIs were made impotent by this decision to release data 

to everyone. Once selected, Principal Investigators become powerful actors in the work-

net, with significant roles in the production specifications of the satellite and in the 

satellite’s orbital configurations and data collection methods. They also have exclusive 

rights to data for six months, allowing them to be exclusive spokespeople for a significant 

enough amount of time. The PIs would still be able to analyze the data and publish papers 

before their peers could, while still encouraging alternative or completely new analyses.  

	
Scene:	The	signing	of	the	MOU.  
 

Memorandum of understanding signed at Washington 
March 23, 1987; 

Entered into force March 23, 1987 
 
 Our moment begins on July 8, 1966 with a President, a particularly 

uncontroversial bill, and a ceremonial signing pen. On this day, President Johnson signed 
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Public Law 89-497, which included a small, seemingly inconsequential, provision 

stating:  

“…the Treaties and Other International Acts Series issued under the authority of the 
Secretary of State shall be competent evidence…of the treaties, international agreements 
other than treaties, and proclamations by the President of such treaties and international 
agreements other than treaties, as the case may be, therein contained, in all the courts of 
law and equity and of maritime jurisdiction, and in all the tribunals and public offices of 
the United States, and of the several States, without any further proof or authentication 
thereof.”  

 
 Though rather cumbersome to parse, this provision successfully did two things. 

First, the law gave the Secretary of State the authority to negotiate treaties and other 

modes of international cooperation that would immediately become U.S. law: no 

Congressional approval necessary. This established the Secretary of State as the new 

arbiter of any number of high-level international matters that used to be concentrated 

elsewhere. So, the consequence of the first effect was that, in empowering Secretary of 

State, the provision secondly weakened both Congress and the President as Obligatory 

Passage Points in issuing treaties and ‘other international acts.’  

 It was under this authority, and the culmination of many years of partnership 

between NASA and CNES, that the State Department ceremonially brokered the MOU 

signed by NASA administrator James C. Fletcher and CNES President Jacques Louis 

Lions that officially gave birth to the T/P project.  

 The history leading up to this moment is rather long, but, as we are following the 

trail of JASON-3, bears recounting.  

 Our two actors, NASA and CNES, had each spent some ten-odd years studying a 

technology called altimetry. Altimetry uses a “pencil beam microwave radar that 

measures the distance between the spacecraft and Earth” and was completely cutting-

edge for its time (NASA, 1986). CNES had demonstrated its ability to design and 
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produce viable altimeters on its PEOLE, EOLE and ARGOS missions, and, as we know, 

sought to launch a new satellite mission, as we also already know, called Poseidon “to 

measure surface topography of the global oceans and polar regions for use in determining 

the ocean general circulation and mesoscale variability.” NASA had demonstrated the 

viability of its own altimeters in its Skylab, GEOS-3 and Seasat missions, and also sought 

to launch a new mission, named TOPEX, “for the purpose of providing a spaceborne 

capability to measure the surface topography of the oceans globally for three years in a 

way that would permit the determination of the general circulation of the ocean.”   

 And, as we may remember, in 1983, the two agencies undertook a “joint 

feasibility study” whereby they studied the possibility of merging their two missions. 

 Thus on March 23, 1987 we have our MOU, the solidification of the enrolment of 

the two actors and the beginnings of the production of an entirely new heretofore black-

boxed technology: the T/P satellite. The fact that they chose to simply merge the names 

of the two projects reflects the reality of the satellite that was to be constructed. It was to 

be a mash-up of the two projects that had already been in development, a hodgepodge of 

necessarily redundant instruments cleaved onto one entity. France would supply its new, 

experimental radar altimeter that was heretofore destined for the Poseidon project; the 

United States would supply its tried-and-true radar altimeter that had successfully flown 

on the Skylab, GEOS-3 and Seasat missions.   

 As the MOU was negotiated under the auspices of the Secretary of State, the 

agreement, once signed, was now law in each country—an association between two 

actors made absolute. It laid out the work each actor would do, providing a legal means to 
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reduce the process of “betrayal and controversy”29. The MOU is also important in that it 

is the culmination of two very important processes in ANT: the interdefinition of the 

actors and the establishment of OPPs.  

 
In this MOU, NASA was tasked with:  

“1) Providing a system of engineering and developing an overall specification and 
interface control document. 
2) Establishing requirements for overall system level testing, planning and conducting 
system level tests, evaluating the results of those tests, and certifying satellite flight 
readiness. 
3) Satellite design, satellite fabrication, satellite testing, satellite calibration and satellite 
transport to the launch site; and preparing the satellite for integration with the NASA 
instruments, which would consist of a radar altimeter, the shared antenna for transmitting 
satellite data, a microwave radiometer and precision tracking systems. Providing ground 
support equipment and supplying qualified personnel to support integration, test, launch 
and operations. 
4) Conducting calibration tests between the NASA altimeter and CNES altimeter and to 
ensure the CNES altimeter is compatible with the NASA altimeter antenna.  
5) Providing additional equipment and documentation as may be agreed to in the 
TOPEX/POSEIDON Project Plan. 
6) Providing CNES with all mission requirements and constraints necessary for CNES to 
provide Ariane launch services and providing CNES with required information pertaining 
to Ariane spacecraft launch operations” (“Memorandum of Understanding between the 
United States of America and France,” 1987).  

 
 The MOU goes on to establish CNES and NASA as OPPs regarding contractors 

by cutting off contact between contractors and the non-contracted agency:  

 
“All formal communications regarding TOPEX/POSEIDON shall be between 
NASA and CNES. Direct interactions among the various contractors and 
subcontractors of NASA and CNES shall not be permitted other than for the 
purpose of exchanging information. For the purposes of this MOU, direct 
interaction with NASA’s Jet Propulsion Laboratory (JPL) will be permitted” 
(Ibid).  

 
 It also serves to interdefine other actors, recognizing the Principal Investigators on 

the project as exempt from the requirement that each agency alert the other of any 

“participation by third parties.” This exemption reflects, in part, the strength of 
																																																								
29	If you remember, Callon’s 1987 Scallop Paper identified this as the last ‘moment’ in 
the formation of an actor-network.	
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association the PIs possess in this network—they are granted the ability to act without the 

agencies serving as OPPs, underscoring the importance of PIs as actors and as cross-

agency collaborators in their own rights.  

 The MOU further ensures the strength of the association by establishing dispute 

resolution mechanisms: the Program Joint Steering Group, staffed with equal numbers of 

CNES administration and NASA administration, would decide any matters on which the 

agencies’ project managers could not agree upon. Were that to fail, the dispute would 

then go to a number of other bilateral entities (the Directors of Earth Sciences of each 

agency, the President of CNES and Administrator of NASA, etc.). The JSG is illustrative 

of the lengths that the two agencies underwent to ensure that the mission remained a truly 

collaborative effort despite unequal funding contributions.  

 The MOU also lays out the foundations for the Science Working Team, clearly 

defining the roles of the academics who have yet to be enrolled into the work-net30, 

establishing the mechanisms (controlled equally by NASA and CNES) by which the 

academics would be enrolled and by articulating that the end product of the mission 

(finished science) is free for NASA and CNES to use.  

“NASA and CNES will prepare in close coordination and issue simultaneously their 
respective Announcements of Opportunity to solicit proposals for scientific investigations 
associated with the flight of TOPEX/POSEIDON…a TOPEX/POSEIDON Science 
Working Team will be established by NASA and CNES for the joint mission. All 
Investigators selected via the AO process to participate in the joint mission will be 
members of the SWT…the SWT will discuss all scientific aspects of the mission and 
advise the Project Mangers in the fulfillment of their scientific responsibilities. The SWT 
will establish the criteria and guidelines necessary to ensure that the TOPEX/POSEIDON 
data is used by the investigators in a scientifically useful and effective manner…the SWT 
will advise the Project Managers regarding the distribution of data among Investigators. 
The SWT will develop a mutually agreeable publications policy for review and approval 
by NASA and CNES…the SWT will have exclusive use of the data for a period of time 

																																																								
30	Remember, we have jumped back in time from our discussion of Principal 
Investigators. 	
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as mutually agreed but not to exceed twelve months after launch…in the event that such 
reports or publications are copyrighted, NASA and CNES shall have a royalty free right 
under the copyright to reproduce and use such copyrighted work for their purposes.”31  

 
 The SWT is officially defined as all Principal Investigators, and is ascribed the 

role of determining the scientific parameters of the mission—a mantle that allows this 

assembled group to enact specifications for what type inscriptions the satellite will 

produce. Further, the SWT would determine how, where and when they would publish 

their papers interpreting said data, which they would have exclusive access to for a period 

of time they determined. The SWT, it seems, has considerable clout within this work-net.  

  And, finally, the MOU recognizes one of the most important aspects of space 

agencies in democratic countries: the volatility of funding. It is an indirect nod to the 

agencies’ respective legislatures and an acknowledgement of the fact that they are 

significant OPPs for the satellite to succeed.  

 
“It is understood that the ability of NASA and CNES to carry out their respective 
obligations in this joint project is subject to their respective funding procedures.” 
  

 It is through this MOU that many of our allies are officially locked into place. 

With the MOU signed, the allies that now required locking down were the ones set to do 

the heavy lifting: the satellite instruments.  

Instruments	
 As time has moved on, our instruments have been through trial by fire to ensure 

they adhere to their terms of enrolment.  

 Of the five instruments on the T/P satellite, three are operational sensors and two 

are experimental sensors. The operational sensors fulfill the mission requirements, while 

																																																								
31	It should be noted that by the time the MOU was signed, the AOs had already been 
released.		
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the experimental sensors seek to test the feasibility of the instruments for use on 

succeeding satellite missions (Topex/Poseidon Science Working Team, 1991). The 

operational sensors have all demonstrated their utility in prior missions, meaning that 

they have already demonstrated their desire to enrol into previous satellite mission 

networks; the experimental sensors have never been given the chance to do so, and thus 

are on the periphery of the T/P network and wholly unessential to its success. However, if 

they do demonstrate their abilities aboard T/P, these instruments will have created a track 

record for themselves, establishing trust and paving the way for quicker enrolment into 

succeeding satellite work-nets. Another important aspect of the instruments is that they 

oftentimes serve as important counter-actors, or actors that counteract the acting of 

insidious actors, whose work would otherwise disrupt that of the work-net.  

 

The	Altimeter	
 Johns Hopkins University’s Applied Physics Laboratory put a little over three 

years into developing its Advanced Technology Model Radar Altimeter, designed to be 

the most precise altimeter—at 2cm accuracy—of its time. The altimeter chosen for T/P 

operates on two frequencies, a deliberate choice meant to counteract the acting of 

electrons in the ionosphere, which decreases the velocity of radio pulses (JPL, 1981). 

That the altimeter had two two frequencies—13.6GHz and 5.30GHz—was a departure 

from that of its predecessor, Seasat, which only operated at 13.5 GHz. By using two 

frequencies, the altimeter subverts the acting of the free electrons, providing data for both 

the ionosphere and for measuring sea surface height32.  

																																																								
32	It should be noted that the two frequency altimeter does not calculate ionospheric 
acting on its own; it merely provides the inscriptions by which researchers, who have 
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Experimental	Altimeter	
 CNES’s experimental altimeter, entitled SSAlt, operated at only one frequency of 

13.6 GHz. It was built by Alcatel Espace, the predecessor to Thales-Alenia. The altimeter 

primarily was built to demonstrate new technology that allowed for “smaller, lower-

power and lower weight altimeters for future missions” (Dunbar & Hardin, 1992). Were 

it to be successful, SSAlt would pave the way for the use of this particular type of 

altimetry, much in the same way that altimetry on Seasat and Geos-3 proved the ability of 

altimetry to measure ocean height.  

 

DORIS,	a	lady	who	gets	around		
 DORIS stands for Doppler Orbitography and Radiopositioning Integrated by 

Satellite, and is an instrument for measuring satellite position. Just like the altimeter, 

DORIS also has a record of enroling: it had been used successfully to determine the orbit 

of the satellite SPOT-2. It should be noted that this tracking system was developed before 

GPS became widely available; in fact, T/P served as a demonstration of the ability of 

GPS satellites to determine satellite location. DORIS was developed through CNES by a 

number of entities, described in Figure 13. It operates by sending pulses of microwave 

Doppler radar at two frequencies (401.25 MHz and 2036.25 MHz, the use of which also 

counteracts ionospheric error) that are received by a system of ground stations on Earth. 

The array of ground stations is displayed in Appendix 3. This network of ground stations 

highlights the decentralized geographic nature of the entirety of the T/P network, which is 

truly a globally-distributed phenomenon.  

																																																																																																																																																																					
developed algorithms for the task, may compare the two frequencies and determine 
ionospheric acting.		
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Global	Positioning	System	Demonstration	Receiver	(GPSDR)	
 As illustrated by the title, the GPSDR sought to demonstrate the use of a GPS 

receiver to locate satellites. The receiver was designed by JPL and manufactured, 

interestingly enough, by the now-defunct telecommunications company Motorola. A 

number of ground stations with precisely-measured locations were added to the growing 

constellation of GPS receivers launched by the U.S. Air Force, allowing for the potential 

of overall locational accuracy of about 4cm. The addition of ground stations that were 

“precisely measured” is another instance of T/P successfully addressing another one of 

the error problems mentioned in the initial SWG report. In order to precisely measure 

where ground stations were, researchers needed a precisely calculated geoid of Earth, 

another accomplishment of this T/P program.  

 

TOPEX	Microwave	Radiometer	(TMR)		
 Developed by JPL, the TMR is a three-frequency sensor that helped T/P subvert 

another insidious actor: water vapor. Water vapor can act to delay radar pulses by 

physically slowing them down. This acting of water vapor can cause anywhere from 40-

900 mm of “additional path delay” that contributes to instrument inaccuracy. The TMR 

accounts for the incident water vapor actors, allowing for researchers to correct 

measurements accordingly.  

 

The	Antenna	Sharing	Plan	
 Both the NASA altimeter and the CNES experimental altimeter share the same 

antenna. The tried-and-true NASA altimeter that has proven itself is allowed to use the 

antenna 90% of the time. The work of its instruments had been transmitted down to 
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Earth, analyzed and then spoken for by various Principal Investigators and other 

scientists and researchers. Without those credentials, the CNES experimental altimeter 

was only allowed to claim the antenna 10% of the time (that number later was increased 

to 12% through negotiation between CNES and NASA in the production process). Were 

it to demonstrate its desire to enrol and provide accurate data, the altimeter would 

potentially be given more time to transmit its data.    

Algorithms	
 T/P was not exactly the first satellite of its kind. There were other ocean-

observing satellites designed to measure ocean topography, but that somewhat sufficed 

for that purpose when the data were massaged correctly: GEOS-3 in 1975, Seasat in 1978 

and Geosat in 1985 were the precursors to the T/P mission. The heights, orbital 

inclination and repeat time, however, were not optimal for determining global ocean 

currents. The new satellite would be specifically for the purpose of collecting sea surface 

topography, and would have a number of ways to provide the smallest margin of error 

possible. That said, the project would provide a ridiculously large dataset, transmitted 

every ten days each to NASA’s receiving station and to CNES’ receiving station. In order 

to properly interpret the data, project scientists would need a spokesperson for the large 

quantities of information.  

 They would need algorithms, and then models that then interpreted those 

algorithms, and then humans who would argue successfully that these models and 

algorithms are indeed truthful. The algorithms are developed by researchers and scientists 

to comb through the (then large) volumes of data produced by the instruments. The 

algorithms search for patterns; for averages; they correct for error and bias and gravity 
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and speed; they concatenate the values derived from the radiometer and the altimeter; 

they compare the values measured by the dual frequency altimeter and the experimental 

one.  

 The initial algorithms would speak for the raw data.  In fact, the data 

communicated from T/P to the receiving stations would be only readable by a specialized 

computer which, through algorithms, would translate the coded data into information that 

could be used elsewhere. Scientists tested the altimeter while it was still in the production 

phase, taking sample measurements and fine-tuning the algorithms to detect data patterns 

meaningful to the scientific research community. The Goddard Space Flight Center’s 

Wallops Flight Facility held primary responsibility for this, developing 24 algorithms to 

speak for the data the altimeter collected and digitally inscribed (Joint Verification Team, 

1992).  

 

 
 

Re-Verify,	or	when	actors	are	subject	to	review	
 After launch and verification occur, the instruments that make up T/P are still 

subject to strict scrutiny. With its inscriptions open and available to any researcher 

willing to test it, the instrument now undergoes its final trial: has it acted in the manner it 

was intended to? Have any other forces acted in unanticipated ways to disrupt it? At this 

stage, our network is relatively stabilized, but still subject to unknowns and insidious 

The radar altimeter antenna hangs onto T/P’s body—the satellite bus, they call it, 
perhaps because it chauffeurs around the various instruments grafted, Dr. Moreau 
style, onto it—pointed downwards, toward Earth. It speaks in radio waves, its sound 
filtering through the atmosphere and down to the oceans, which throw T/P’s words 
right back. T/P doesn’t know anything of geodetic surveys or equations, but it does 
listen to how long it takes for those radio waves to bounce back up to it. That length of 
time is translated to height by algorithms, which spit out new data that are 
amalgamated into models that are then written about in papers and spoken of at 
conferences.  



142		

actors. We must stop and check: has the work-net been compromised? Has everybody 

been acting according to their agreed roles?  

 The instruments are subject to a formalized sort of scrutiny that involves data 

analysis and conclusions published in journal articles that are then subject to scrutiny just 

as Bruno Latour describes in his Science in Action book. Much of the scrutiny that the 

instruments and their inscriptions must endure come from a group dubbed the Joint 

Verification Team (JVT), an assembly of individuals from NASA, CNES, the Science 

Working Group, and outside sources that have agreed to take on the mantle of assessing 

T/P’s performance. The group has exclusive access to the data for six months alongside 

the PIs, during which time its members will convene frequently at meetings hosted by 

NASA and CNES. The JVT is then responsible for formally submitting its 

recommendations for improving the data to the two agencies five months after the 

satellite’s launch so that data may be translated more accurately before its release to the 

general public.  
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Figure	8,	Global Laser Stations. Data from the Joint Verification Plan (Joint Verification Team, 1992) 

 
 
 The verification by CNES and NASA mainly comes from two sites: an oil rig off 

Point Conception, California chosen by NASA and an islet named Lampedusa chosen by 

CNES.  

 
As our work-net grows, more actors may be swept up  
 After many debates about cost, accessibility, laser coverage and measurement 

capabilities, JPL, NASA and the SWT come to a conclusion: a Texaco oil rig is the 
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perfect site for verifying T/P’s success. After negotiations take place, the three sign a 

MOU on March 1991 that officially welcomed the Texaco oil rig into the fold of the T/P 

work-net with the installation of instruments on its platform 19.5 kilometers away from 

the shores of California. The means of T/P’s instrument verification are more 

instruments. Supplied in part by another actor, the University of Colorado, these 

instruments measure water vapor, wind speed, sea level, as well as other ancillary data 

that could give context to the acting of these other entities. The verification site itself, 

though, is subject to insidious acting. Standing at a behemoth 650 feet tall, the rig is 

reedy and is often literally pushed around by other actors (the wind and waves). Because 

of this acting, the platform sways, enough so that a novice might have difficulty keeping 

his last meal down. This concerned scientists: could this sway contribute to the error of 

calibration instruments? The University of Colorado tested this error source under 

extreme conditions: 70mph winds and 35-foot high waves that pitched the rig up and 

down like a metal ball in a child’s wooden labyrinth.  

 In the face of waves as tall as an average school bus is long and tropical storm 

force winds, the instruments do pretty well. They only exhibit an error of half a 

centimeter (whereas before they exhibited none), eliminating both waves and wind from 

acting to disrupt measurement accuracy (Joint Verification Team, 1992).  

 
Lampedusa, Italy; Norfolk Island, Australia; Chichi Jima Island, Japan—the Geography 
of overcoming a counter-actor  
 Hanging out in the Mediterranean halfway between Malta and the coast of 

Tunesia is the small islet of Lampedusa. The southernmost island of Italy, Lampedusa 

boasts the designation of World’s Best Beach from the travel site TripAdvisor, and 

perhaps seems a strange choice for the CNES altimeter verification study. Just off the 
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beaches rife with tourists, CNES made sure to scope out for any insidious actors. It 

contracted the company Software Based Systems (SBS) to trawl the island for actors that 

might act to disrupt their measurements. The island was found to have very little cloud 

cover, to exist on a relatively flat geoid (optimal for satellite calibration), low sea level 

variability and “unusually quiet sea-state conditions” (Ibid). It seems like the interests of 

tourists looking to relax and the interests of our T/P Verification Team have plenty in 

common—and soon two CNES members will also get the chance to enjoy the sun, waves 

and cloudless skies like Lampedusa’s beachgoers and the carefully-installed tide gauge 

network, floating languidly in the calm shallows. They will be there during the entirety of 

the “1992 campaign” to verify T/P’s instruments. A paid six months on a Mediterranean 

island doesn’t sound like too bad a gig to score in the name of Science.  

 
Verification from researchers 
 The verification from outside entities come from a number of variegated 

researchers not serving as Principal Investigators on the T/P mission. These investigators 

and their investigations are detailed under Appendix G. The main thrust of their 

verification activities focuses on large scale (small area) regional studies of Sea Surface 

Height (SSH), meant to test the reliability of the altimeter measurements in their area of 

study by comparing them to in-situ measurements. Other verification studies involve 

evaluating the accuracy and utility of the data collected over nonocean surfaces, studying 

instrument bias and altimeter calibration. The assembled group of researchers, chosen for 

the sufficient arguments they posed in their Letters of Intention, is collectively called the 

Joint Verification Team (Ibid). The findings of these researchers are used to further 
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calibrate the data findings, which will be used to pre-process the data to correct for 

perceived errors.  

 Our work-net, it seems, is destined to cast its net ever wider, enroling more and 

more actors as it goes and further in eroding the ability of T/P to speak for itself.  

 
Z-coordinate verification 
 Our work-net continues to expand as verification activities speed up. In order to 

determine accurate altimeter height measurements, laser stations are placed in Bermuda 

and in Dakar, Senegal. The heights of these laser stations are carefully measured, and the 

sites are also equipped with instruments that measure wind, waves and water vapor to 

measure them as well (mostly because they can). T/P would be asked to fly right over 

these stations, which will once again be testing it, looking for any signs of weakness 

(Stewart, Fu, & Lefebvre, 1986).   

Centers	of	Calculation,	or	places	where	work	amasses	
 Data began digitizing in the 1980s. We were moving from physical copies that 

had to be catalogued and stored in dusty archives on microfilm and on pages, to digital 

copies that could be accessed from almost anywhere as computer technology became 

faster, smaller and less expensive.  

 Lucky for T/P, it was at just the right time. Satellite technology was beginning to 

be able to capture large volumes of data that wanted some sort of systemized storage; 

further, the massive initiatives of WOCE and the WCRP required the sharing of large 

volumes of data—but there was no platform for it. All data and processing had previously 

been done on a mission-by-mission basis, producing standalone datasets that were 
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difficult to access (OAO, 1981). And further, as satellite data-collecting abilities 

produced more and more data…how was one to process all of it?  

 Something needed to be done.  
 
 Of course, the something involved many feasibility studies that took place over a 

six year period starting in 1979 and moving into the mid-1980s. The result was a JPL-

contracted data archiving service dedicated to oceanography that was entitled the NASA 

Ocean Data System (NODS). Borne of the desire for greater data facilitation, NODS 

eventually became the Earth Observing System for Data and Information System 

(EOSDIS), a data archive run by NASA that boasts publicly available Earth systems 

science data (NASA and JPL, 1990). These hubs of data are literal centers of calculation, 

which archive raw and processed data for the free and public use of researchers. They are 

distributed by data theme throughout the United States (this is, of course, not accounting 

for ESS data acquired by other countries). Data from T/P, as you can see in the map 

below, are stored at JPL in Pasadena, California, the original data network point. From 

the data storage and interface software developed at JPL, the rest of the distribution 

centers structured their own, allowing for relative continuity between the data archives 

despite various data sources and formats (Oceanic Processes Program, 1986). The data 

archive is called PODAAC, the Physical Oceanography Distributed Active Archive 

Center33. While physically disaggregated, these datasets are obviously now linked 

through the Internet, as well as through website gateways to facilitate easy access to 

datasets in various disciplines. In this system, these physical centers of calculation 

																																																								
33	Just to clarify, the specific NODS service for T/P data from NASA was titled the 
Physical Oceanic Data Active Archive Center (PODAAC).		
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generally leave data translation to any person who is willing to become the data’s 

spokesperson. The CNES answer to data storage and distribution is the AVISO service, 

which would process, archive and distribute data collected by its experimental altimeter.  

 The two agencies would share their in situ verification data through read-only file 

access. CNES could access NASA data by logging onto a TOPEX VAX computer; 

NASA could access CNES data by logging onto a UNIX workstation (Joint Verification 

Plan, 1992). Similarly, the JVT would have read-only access to verification data and data 

download only through specific computer workstations and only with specific login 

credentials. After the six-month verification period, data for general use in the scientific 

community would be transferred to NOAA, where any researcher could have access to it 

(Yamarone, Resell, & Farless, 1986). Please see Figure 8 below for a geographical 

distribution of data archive centers and Figure 9 for a flow map of how data from T/P 

would be transmitted.  

 

	
Figure	9,	Data	taken	from	(Harris	&	Olby,	2001) 
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Figure	10,	data taken from (Yamarone, Resell, & Farless, 1986) 

	
 These data archives of CNES and NASA are two of the most important centers of 

calculation in our entire work-net. It is where all of the data that all of our various actors 
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worked together to create, is stored and disseminated. The strict controls on the data 

established NASA and CNES as important OPPs in data distribution; the specific 

computer terminals and login credentials served as physical and digital manifestations of 

this OPP status. And finally, while our JVT could not edit the data, their analysis of the 

data would be taken into account in the preprocessing of the raw data that would take 

place before dissemination to researchers worldwide, establishing their actions as 

important translators of the data.  

 

Scene:	Launch	Leadup		
 T/P has been ready for some time now. With its parts manufactured in Maryland, 

Toulouse—maybe in Illinois or in Seoul, South Korea—, they finally coalesce in Kourou, 

where they are grafted for the final time onto the massive satellite bus.  

 T/P arrives to Kourou on June 23, 1992, where it is subject to almost two weeks 

of poking and prodding for calibration and performance testing. All of the actors are 

finally in one place, and together with the massive bus, they weigh over two tons (5500 

pounds, to be exact). After passing these tests, T/P and the Ariane 42P launch vehicle are 

mated together, and five more days of testing to ensue to ensure proper enrolment. 

Leading up to the launch, the 42P rocket, carrying its payload T/P, is slowly rolled down 

1.5 kilometers of railroad track to the launch site, where both are again subject to 

rigorous calibration and performance testing to ensure they will comply34.  

 

																																																								
34	For more on the interesting postcolonial geography of Kourou, please see Peter 
Redfield’s The Half Life of Empire in Outer Space.  
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Scene:	The	Launch	of	T/P:	when	acting	pay(load)s	off	
 The countdown is in French, announced by a man wearing large glasses that date 

him to the early ‘90s. The man is in a room with long tables connected in rows with boxy 

computers facing away from a giant screen, the people behind him wearing grey headsets 

and flat, professional masks.    

 “Neuf…huit…sept…six,” the words are meted, but begin coming faster.  

 “Cinq..” two mechanical arms holding the rocket in place quickly unhand it. 

 “Quatre..trois..deux..unité…allumage…	décollage.” 

 The rocket thrusters awaken in a dramatic cloud of grey-red and flashes of light.  

 To enrol in the process of launching T/P, the Ariane launch vehicle component 

parts must physically separate from the satellite at their required times, a concert of 

succession where one phase relies on the phase prior.  

 After 27 seconds the Solid Rocket Boosters choose to disengage from the rocket, 

deploying parachutes that will help them land gently in the ocean for retrieval. After 

about three minutes, the rocket uses up all of the fuel in its first stage, which also chooses 

to detach, falling, leaving the second stage in the care of T/P for 95 seconds before the 

rocket enters its third stage. During its third stage, the rocket helps to place the satellite 

into its proper orbit, positioning it before disengaging its exploding bolts that connect the 

two and leaving T/P to its work.   

 The Ariane 42P launch vehicle had been a point of contention—the French 

insisted it be used to move T/P into outer space; the Americans wanted to use their own 

launch vehicle. Eventually, they relented, and T/P was shipped to Kourou, French Guiana 

for launch on August 10, 1992.  
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 It takes sixteen days of careful systems monitoring and orbital maneuvers to get 

T/P exactly where it needs to go, but now, with our satellite properly in place, the 

assemblage of engineers enroled in the mission may begin to play their roles calibrating 

and testing to ensure every aspect of the satellite has decided to enrol in this new 

environment; the JVT may also begin analyzing the preliminary data, testing it against 

terrestrial measurements; and finally, the feverish acting that led up to the launch may 

settle, the various parts of our work-net that held weak but necessary ties to the actors 

that make up its structure may now fade away as satellite production ends and satellite 

operations begin.   

	
	 	

T/P makes no sound as it speeds above earth at 7.2 kilometers a second, zooming 
completely around Earth every ten days on a well-trod track. Its one long arm 
stretches out, consuming the electromagnetic waves spoken from the sun. These waves 
are sustenance, and with them, T/P is able to live another day.  
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Part	V.	Controversies		

The	Joint	Steering	Group,	or	how	Controversies	are	Solved	
 In order to successfully coordinate the mission, NASA and CNES established a 

Joint Steering Group to serve as the official governing body of the satellite mission. 

Officially, it is “a management group overseeing the conduct of the mission” that takes 

“into account the recommendation of the” T/P SWT (Topex/Poseidon Science Working 

Team, 1991). The JSG, staffed by NASA and CNES members, was tasked with making 

critical mission decisions. The group itself was geographically disaggregated, oftentimes 

transcending the 5,500 miles between them via teleconference to make decisions (Jason-1 

Project Team, 2013).  This body serves as a true center of calculation—a cabal of 

individuals with the ability to act quickly and decisively on critical issues like satellite 

malfunction, failures and other mission issues. JSG deliberations and decisions are the 

means by which controversies are counter-acted.  

Money,	money,	money	(and	other	things	that	delay	launches)		
 
Funding  

“In fact, from the original plan, Jason-3 is more than 2 years delayed. There were delays 
because of budget and selection of the launch vehicle, but hey, why point fingers? We're 
just happy to see it launch soon. The satellite and instruments have been completed for 
quite some time, but they continue to regularly test its components to make sure 
everything is working, and we've been lucky to stay pretty much on target in terms of the 
budget. For science, we've been lucky because our last satellite Jason-2, has lived well 
beyond it's expected 5-year life and is still quite healthy. So we are still meeting a lot of 
our science goals, but we are really looking forward to passing the baton off from Jason-2 
to Jason-3 over the course of the next year or so. -Climate Elvis” (Reddit AMA, 2016).  

 
 And here again, we see the power of action (or, sometimes, inaction) that funding 

agencies like Congress hold over satellites. After the Gramm-Rudman cuts in 1986, most 

of government (including the oft-protected Defense budget) saw reductions in 

appropriations. T/P did not escape this phenomenon. For its Fiscal Year 1987 New Start, 
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NASA asked for $367,900,000; the HUD committee saw fit to reduce this by $10 

million, an amount that would “delay the initiation of the TOPEX development program 

and its launch by three to six months with minimal programmatic impact” (NASA, 1987). 

The Committee went on to say that it saw great merit in this program, and hoped that it 

would “fulfill the promises for oceanic observations suggested by the SEASAT program” 

(Ibid). The committee went even further in its Report accompanying the 1987 NASA 

Authorization Act to ascribe some aspect of policy to NASA:  

“Nevertheless, the Committee expects NASA and the science community to carry out a 
balanced science program. This may entail a fundamental change in the manner in which 
NASA manages its programs and in the way in which the science and applications 
community approaches mission and discipline advocacy” (Ibid).  

 
 Just like we saw that the acting of the President resided in his signing statement, 

here we see the acting of the Congressional committee responsible for NASA 

appropriations hidden in a report attached to the NASA Authorization Act. NASA, of 

course, isn’t bound to anything in the Report, but acting in the manner prescribed in it 

might very well make the next round of appropriations hearings much easier.  

Take a chance on me: a launch delay 

 Founded in 2002, the company SpaceX “designs, manufactures and launches 

advanced rockets and spacecraft,” another player in the well-funded world of launch 

services35. Known for the eccentricity and innovative initiative of its founder, Elon Musk, 

SpaceX was a bit of a gamble for NASA—it hasn’t had much time to prove itself. 

Despite the 93% success rate of the Falcon 9’s launches (the industry average is around 

95%, with some launch vehicles having a perfect track record), NASA takes a chance on 

the relatively new company and decides to contract it for the launch of Jason-3 

																																																								
35	A description pulled directly from the company’s website.		
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(Masunaga, 2016).  On June 18, 2015, Jason-3 arrives by plane from its assembly 

location in Cannes, France to Vandenberg Air Force Base on the coast of California. It 

will undergo rigorous testing to ensure it’s ready for its August 8, 2015 journey into orbit 

around Earth.  

	

Figure	11,	Launch	Timeline,	taken	from	(Mertz,	2015)	

 It arrives in pieces, and each one must undergo last examinations—poking and 

prodding and preparing—before its final mating to launch vehicle. Only, ten days after 

arriving, the SpaceX Falcon 9 rocket explodes in an attempt to launch a payload to the 

International Space Station (O’Kane, 2015). The failure of the Falcon 9 rocket to act 

according to its terms of enrolment spooks the agencies interested in Jason-3: there’s no 

way they’ll chance an explosion. Months of investigations ensue, and Jason-3 waits 

patiently at Vandenberg AFB as project scientists and researchers nervously wonder if 

Jason-2 will hold out. It’s been seven years since the satellite’s launch, and every new 

day brings the chance that something will fail, compromising the mission of continuous 

altimetric data. The days tick by, SpaceX, NASA, the U.S. Air Force and FAA 

investigators sift through thousands of telemetry channels, launch videos and physical 
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debris in order to piece together the problem (SpaceX, 2015). The investigation finds that 

a failure of struts to enrol caused a cascading series of events that led to a failure of the 

vehicle’s helium system, causing an impressive explosion. With the cause identified, 

SpaceX begins launching again, and successfully launches a satellite called ORBCOMM 

in mid-December. With this positive demonstration, Jason-3’s new launch date is set: 

January 17, 2017.  

Congress	as	an	OPP,	again?	 
 It turned out that developing and launching T/P was more expensive than 

anticipated. NASA had reported to Congress that T/P would cost $438 million in fiscal 

year 1992; however, the real cost was $520 million, an almost 19% increase over the 

assumed cost. The reason, NASA asserted, was “technical complexity,” a vague 

justification that appeased the members of the Committee on Science, Space and 

Technology nonetheless. NASA also informed the members that T/P’s launch date had 

been postponed ten months, a phenomenon known as launch slip. Though a ten-month 

delay sounds significant, it was not uncommon at the time. In fact, T/P’s launch slip was 

significantly less than most, as evidenced in Figures 9 and 10 below.  
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[

	
Figure	12,	taken	from	(GAO,	1992) 
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Figure	13,	Launch	Slip,	taken	from	(GAO,	1992) 

 
 It is important to note that NASA must report things like cost overruns and launch 

slips to Congress, the holder of the purse strings can’t necessarily do much about it. They 

may run into pressures from other sources (their constituencies, the executive branch) or 

they may just run into the sunk cost fallacy: if they don’t appropriate the extra hundred 

thousand or extra couple of million dollars, they will have appropriated all those funds 

preceding the launch slip for nothing. They have already given NASA the funding, the 

only thing they can do is admonish higher-ups at NASA or give administrators a harder 

time when the next funding cycle comes around.  

 
When an actor walks away  
 NOSS (the National Oceanographic Satellite System) is a series of satellites that 

were intended to, among other things, study wind velocity with a scatterometer that was 

meant to compliment Topex in the earliest days of its formation (~1980-1981). In 

understanding wind velocity, researchers would be able to better estimate the actual 

topography and circulation of the oceans by subtracting out the effect of wind on wave 

height formation.  

“Reagan takes office, and at the beginnings of the largest peacetime buildup of military 
spending in the history of the world, probably even adjusted for inflation given that it was 
peacetime, they cancel. The Defense Department cancels NOSS! The Navy walks away. 
There’s no way NASA and NOAA can do this without them. This thing’s going to be a 
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$1 billion-plus kind of mission. It’s big. I mean, this is bigger than Space Telescope, 
budget-wise, this is huge” (Butler, 2009).  

 
 The cancellation of NOSS was a blow to the Topex program. The remedy, 

though, to this defection from the work-net was another, more streamlined satellite 

program entitled N-ROSS (Navy Remote Ocean Sensing Satellite). It would be more cost 

effective and this time it would survive— 

 No. This one falls apart as well. Despite all of the interest the various actors had 

in flying this satellite system, the program once again dies, this time in 1988. Topex is 

doomed to fly without a scatterometer flown in concert with it, a certain blow to 

researchers who could have made more convincing arguments about general ocean 

circulation with that added data, but not a blow to the T/P work-net as a whole. Its 

association with T/P must have been weak enough that Topex continues on. The only 

difference, is that now, without NOSS, data will be less accurate. The fact is compounded 

by the loss of what was once termed GRAVSAT, a satellite proposed to study Earth’s 

gravity field. With these two defections, suddenly the talk of 5 cm accuracy stops and the 

talk of 14.3 cm accuracy begins. With the great strides in reducing error elsewhere, this 

accuracy is still revolutionary (if you remember, Seasat’s accuracy was measured in 

meters, not centimeters), but is certainly less than what had been expected.  

 Though these programs die, Topex/Poseidon remains.  
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Part	VI.	An	Enduring	Work-net		
 Upon launch of T/P, there were already stirrings about a new follow-on satellite 

mission. Five years of data was certainly good—but ten years of data would cover almost 

an entire solar cycle (eleven years), and would allow for even more accurate modeling. It 

would be a serious test of the strength of this work-net: could CNES and NASA do it 

again?  

 The official answer came only four years later in late 1996, when CNES and 

NASA again signed another MOU. Acting as spokespersons for “other operational 

agencies in the United States and France [that] express a strong interest in participating in 

the program through developing and demonstrating prototype operational applications of 

the data,” the two agencies recognize the  “imperative need” for a set of follow-on 

missions to Topex/Poseidon (“Memorandum of Understanding Between the United 

States of America and France,” 1996).  

 The first satellite in the envisioned series was to be named Jason-1, following in 

the footsteps of the French inclination to name their satellites after Greek mythology 

characters. According to the myth, Jason is a hero who went on a quest to find a Golden 

Fleece in order to reclaim his throne. He sailed to the far away kingdom said to host the 

Golden Fleece on a ship named the Argo and with a crew of strong heroes nicknamed the 

Argonauts. The tale, like most Greek myths, ends tragically, with the decaying husk of 

the Argo dropping a rotting wooden beam on a disgraced Jason’s head, killing him 

instantly.  

 On a lighter note, some speculate that the follow-on missions were actually 

named after the NASA Program Manager’s son, who also just so happened to share the 

name of the mythological hero (Butler, 2009).  
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 The former, however, is more compelling as an allegory, especially in light of 

Jason-1’s rather slow, dramatic and well-documented death. But we shall explore that 

more later.  

 

 Before Jason-3 came Jason-2. Jason-2 was almost identical to Jason-1. Jason-1 

was marginally different from the Progenitor of this satellite series, the TOPEX/Poseidon 

satellite. The goal, you see, was continuity with a small bit of fine-tuning.  

 In order to collect the data they wanted, NASA and CNES needed to construct 

almost the exact same satellite over and over again with almost identical instruments. A 

satellite is a vessel for instruments, which more or less just hitch rides on the larger 

hardware, which is known as the satellite bus. The bus, equipped with a propulsion 

module, drives the satellite and negates the degradation of its orbit by gravity. Left 

unchecked, gravity would slowly exert itself on the satellite, drawing it in towards earth 

until the satellite would hit the atmosphere and meet its end in a fiery death. The satellite 

bus, then, coupled with its attitude control and propulsion modules, is constantly 

undermining gravity. It is the stage—one might even call it the ever-mobile site—upon 

which the actors (read: instruments) may act36.  

 Below is a chart of the satellite compositions of Topex/Poseidon and Jason-1. As 

you can see, T/P carried an extra altimeter that Jason-1 did not. It turns out, the 

experimental SSALT altimeter enroled beautifully. Lighter and less expensive to make 

than its dual-frequency counterpart built by Johns Hopkins for JPL, the SSALT altimeter 

																																																								
36	See “Memorandum of Understanding Between the United States of America and 
France,” 1996, pg. 4.  
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was asked to enrol on Jason-1. Renamed the Poseidon-2 altimeter, it was this time built to 

operate on two frequencies because of the success in measuring ionospheric effects by 

the dual-frequency main altimeter on T/P. The DORIS tracking instrument on Jason-1 

remained almost exactly the same from T/P, with a few minor hardware updates for 

better locational tracking. The same goes with the experimental GPS, which had also 

demonstrated its willingness to enrol into the T/P network: the Jason-1 satellite simply 

carried an updated GPS system. The microwave radiometer on Jason-1 was essentially 

the same as the one on T/P, only it operated on slightly different frequencies. Both 

responsibility for the launch vehicle and the satellite bus were switched in Jason-1 over 

T/P: while CNES contracted out the satellite launch for T/P, NASA contracted it for 

Jason-1; while NASA contracted the satellite bus for T/P, CNES contracted it for Jason-

1. And finally, Jason-1 carried one extra instrument than did T/P: a Laser Retroreflector 

Array (LRA). The LRA provided an extra layer of locational accuracy, using mirrors that 

could reflect back lasers emitted from an array of ground stations to determine satellite 

position. You also might notice from looking at the chart that one of the most frequent 

changes in the satellite’s construction are the contracted actors. While those actors doing 

the contracting do not change, those actors being contracted change from satellite-to-

satellite, showing their relative weakness in this work-net.  

 
Instruments 
Purpose T/P 

Instruments 
Built by: Jason-1 

Instruments 
Built by:  

Ocean 
topography 
and circulation 
measurement 

Dual-
frequency 
Altimeter, 13.6 
and 5.30 GHz 

Johns Hopkins 
University’s 
Applied Physics 
Laboratory 

Poseidon-2 
Altimeter, 13.6 
and 5.30 GHz 

CNES 

Ocean 
topography 

Experimental 
SSALT 

Developed by 
CNES, 

  



163		

and circulation 
measurement 

Altimeter, 13.6 
GHz 

manufactured by 
Alcatel  

Tracking 
satellite 
position 

DORIS Developed by 
CNES and 
manufactured by 
Dassault, CEPE 
and STAREC 

DORIS, 
second-
generation  

Developed by 
CNES, built by 
Thales 

Tracking 
satellite 
position 

Experimental 
GPS  

Developed by 
JPL, 
manufactured by 
Motorola 

Turbo Rogue 
Space Receiver, 
using GPS 
constellation  

Developed by 
JPL, 
manufactured 
by Spectrum 
Astro, Inc.  

Water vapor 
measurement 

Microwave 
Radiometer, 
18, 
21 and 37 
GHz) 

JPL Microwave 
Radiometer, 
18.7, 23.8 and 
34.0 GHz 
 

JPL 

Launch vehicle Ariane 42P 
rocket 

CNES and ESA Delta II rocket Contracted by 
NASA, built by 
Boeing 

Satellite bus Multimission 
Modular 
Satellite 
(MMS) Bus 

Contracted by 
NASA, built by 
Fairchild 
Industries 

Proteus bus  Contracted by 
CNES, Alcatel 
Space 
Industries 

Tracking 
satellite 
position 

  Laser 
Retroreflector 
Array 
 

NASA 

Figure	14,	data	from	(Dunbar	&	Hardin,	1992);	(NASA,	2001)	

 
 Below, we have another chart of satellite instruments, only this time, it is 

comparing Jason-2 instruments to Jason-3 instruments. If you notice the “built by” 

column, the biggest change between Jason-2 and Jason-3 is the three words “on behalf 

of.” These words indicate a monumental shift in the construction of our work-net: NASA 

and CNES are no longer paying for Jason-3 as they had with the previous satellites. 

Instead, the large intergovernmental organization developed in 1986 called EUMETSAT 

would take over most of the costs from CNES, and NOAA, the U.S. agency focused on 

the scientific study of the oceans and atmosphere, would take over most of the costs from 
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NASA. NOAA’s takeover of NASA’s funding responsibilities potentially came from the 

Executive Branch, which, according to the President’s FY 2016 budget request, “supports 

NOAA’s broad environmental mission and redefines NASA and NOAA earth observing 

responsibilities whereby NOAA will be responsible for satellite missions that directly 

contribute to NOAA’s ability to issue weather and space weather forecasts and warnings 

to protect life and property” (Space Foundation, 2016). Again, we see the contracted 

actors shift slightly, though Alcatel and Thales seem to have endured from Jason-1 to 

Jason-3, perhaps marking them as stronger actors than one might suppose. And finally, 

we can see that the LRA has also endured from Jason-1 into Jason-2 and Jason-3, having 

displayed its willingness to enrol and strengthen the work-net.  

 With the addition of the LRA and with the tweaking of the Jasons’ other 

instruments we begin to see the sought-after accuracy increasing as well: from the 14 cm 

accuracy of T/P, we see Jason-3 now at an accuracy of 2.5 cm. Perhaps, as a work-net 

endures and it continues to work, its strength increases.  

 
Instruments 
Purpose Jason-2 

Instruments 
Built by: Jason-3 

Instruments 
Built by:  

Ocean 
topography 
and 
circulation 
measurement 

Poseidon-3 
Altimeter, 13.6 
and 5.30 GHz 

Developed by 
CNES, 
manufactured 
by Alcatel 
Space 
Industries 

Poseidon-3b 
Altimeter, 13.6 
and 5.30 GHz 

Developed by 
CNES on 
behalf of 
EUMETSAT 

Ocean 
topography 
and 
circulation 
measurement 

    

Tracking 
satellite 
position 

DORIS, third-
generation 

Developed by 
CNES, built by 
Thales 

DORIS, fourth-
generation 
(otherwise 

Developed by 
CNES on 
behalf of 
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identical to 
Jason-2) 

EUMETSAT, 
built by Thales 

Tracking 
satellite 
position 

Turbo Rogue 
Space Receiver, 
with minor 
updates from 
Jason-1, using 
GPS 
constellation 

Developed by 
JPL, 
manufactured 
by Spectrum 
Astro Space 
Systems  

Global 
Positioning 
System Payload, 
same as Jason-2 
with minor 
updates, using 
GPS 
constellation 

Developed by 
NASA/JPL on 
behalf of 
NOAA 

Water vapor 
measurement 

Microwave 
Radiometer, 
updated from 
Jason-1, 18.7, 
23.4 and 34.0 
GHz 

JPL Advanced 
Microwave 
Radiometer, 
minor updates 
from Jason-2 

NASA/JPL on 
behalf of 
NOAA, built 
by ATK Space 
Systems 

Launch 
vehicle 

Delta II rocket Contracted by 
NASA, built by 
United Launch 
alliance 

Falcon 9 Rocket Contracted by 
NASA, built by 
SpaceX 

Satellite bus Proteus Contracted by 
CNES, Alcatel 
Space 
Industries 

Proteus Contracted by 
CNES, Alcatel 
Space 
Industries 

Tracking 
satellite 
position 

Laser 
Retroreflector 
Array 
 

NASA Laser 
Retroreflector 
Array 

NASA/JPL on 
behalf of 
NOAA 

Figure	15	Data	from	(NASA,	2008)	and	(NOAA,	2016)	

 
 Starting with Jason-2, we begin to see a number of new actors enter the stage of 

our satellite bus. They’re called passenger instruments, and truly operate as such. They 

do not affect the Jasons’ overall mission goal: to measure ocean topography and 

circulation; however, the Jasons do provide a literal platform upon which experimental 

instruments may be tested. If the satellite is going to be launched anyway, why not add on 

a few new experiments to save on costs and to, perhaps, generate some new data?  

 Interestingly, these new instruments were developed as a joint partnership 

between CNES and JAXA, the Japanese space agency. The two wanted to better 
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understand the role of solar radiation on satellite instruments, an experiment called the 

Joint Radiation Experiment. In addition to this experiment, CNES also added an 

instrument to see if it could increase position-determination accuracy by using a laser link 

to synchronize the on-board satellite clock with ground station clocks. The JRE endured 

from Jason-2 to Jason-3; the laser link did not, perhaps because it served its purpose or 

because it failed to do so.  

 
Passenger instruments  
Jason-2 
Instruments 

Purpose Funding 
Agency 

Jason-3 
Instruments 

Purpose Funding 
Agency 

1. Environment 
Characterization 
and Modelisation 
2 (Carmen 2) 

To study the 
effects of 
radiation in 
the satellite’s 
environment 
on 
advanced 
components. 

CNES 1. CARMEN 3 Same as 
Carmen 2 

CNES 

2. Time Transfer 
by Laser Link 

To use a laser 
link to 
compare and 
synchronize 
remote 
ground clocks 
with high 
accuracy. 

CNES    

3. Light Particle 
Telescope 

To study 
radiation in 
the satellite’s 
environment. 

Japan 2. Light 
Particle 
Telescope 

Same as 
on Jason-
2 

JAXA 
(Japans’s 
space 
agency) 

Figure	16,	Data	from	(NASA,	2008)	and	(NOAA,	2016)	

 

Ensuring	continuity,	or	how	two	satellites	work	together	
 December 7, 2001—Jason-1 gets off at the first stop, 55 minutes into launch and 

about 1300 km above Earth’s surface. Jason-1’s companion the TIMED satellite, orbiting 

only 630 km above Earth’s surface, is ejected on the way down, some two hours after the 
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initial launch of the Delta II rocket. After being forced out, Jason-1 carefully uses part of 

its precious little fuel to raise itself the 15 or so kilometers to fly at the same altitude as 

the veteran Topex/Poseidon. Its protégée Jason-1 slowly slinks to 500 km behind the 

gargantuan satellite, which weighs five times Jason’s weight. The inscriptions each 

produce are compared carefully as the two speed around Earth together. The goal, after 

all, is continuity (NASA, 2001).    

Topex/Poseidon and the mother of Norman Bates 

 Because of Jason-1, T/P is allowed to retire gracefully. After completing its five 

year mission and three year extended mission, T/P is handed off in 2000 from NASA to 

Raytheon, a big-time defense contractor. While aging gracefully, T/P is still aging, and 

NASA desperately needs to cut costs where it can. The budget for maintaining T/P 

decreases every year, the veteran satellite lasting much longer than anyone anticipated. 

But T/P doesn’t qualify for social security.  In 2005, its reaction wheel, allowing it to 

face toward the sun, stops spinning. Raytheon begins to explore end-of-life options for 

the satellite. Will it be de-orbited to die quickly in Earth’s atmosphere?  

 No—the danger to other LEO satellites is too great.  

 It could be jettisoned about 800 km away from Earth, bringing it to an altitude of 

2000 km, the UN-mandated height for decommissioning (Paredes et. al, 2008). But no—

its thrusters haven’t been used since it was first maneuvered into its orbit, and the chance 

of them blowing T/P into speeding chunks of space debris is too high.  

 Topex would have to stay put. 
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 Without this wheel to ensure the solar panels face their energy source, T/P will 

slowly die in place, like the mother of Norman Bates, fated to orbit, lifeless, for an 

estimated thousand years. 

 

 

When	an	actor	dies	(or	how	Jason-1	is	put	to	rest)	
 June 21, 2013—Jason-1 defies expectations. It is eleven and a half years since 

Jason-1 has been launched and now—only now, some six years after it was expected to 

die—does its operational transmitter send its last signal. The rest of its systems are still 

online, but the loss of its transmitter is a death knell for the aged satellite: there is no way 

to retrieve data from the otherwise healthy satellite. After repeatedly trying and failing to 

communicate with Jason-1 and some somber talks between CNES and NASA, the 

decision is made: Jason-1 must go to the Graveyard37. 

 Dead bodies dot what has delicately been termed graveyard orbit, a fate of 

orbiting Earth for centuries on the very outer edges of Earth’s gravitational pull. Not all 

satellites are assigned this fate. Some are destined to cremation in Earth’s atmosphere; 

others are buried in Earth’s oceans. Graveyard orbit is different, however. It is a slow 

																																																								
37	(NASA, 2013)	

January 17, 2016—Jason-3 is late. It is 180 days late and has so much to learn—to 
catch up on. As it settles into its calibration orbit, sixteen miles below its predecessor 
Jason-2, it slightly trails behind the veteran satellite in a long seven months of trying 
to prove itself to the scientists and researchers below. As the two satellites fly 
together, we wonder: will Jason-3 measure up to its predecessors?  
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death, some ninety days in the making as power slowly drains from a satellite’s batteries 

and its systems slowly  blink  out38.  

 In Spring 2012, Jason-1 had been asked to propel itself away from Earth into its 

final resting place. From there, it conducted a new mission suitable for a satellite of its 

advanced age: it studied the earth’s gravity field like GRAVSAT was never able to do. 

Upon the failure of its last transmitter, Jason-1 is asked to shut off its attitude control 

systems, the ones that keep it facing its energy source, the sun. It complies, an active 

participant in its own slow death. It can take anywhere from a few days to a few months 

for satellites sentenced to this death to finally die as their batteries slowly use up the last 

of their stored energy. It doesn’t take Jason-1 all that long.  

 There isn’t quite a funeral service for Jason-1, but there is a Guest Book that is 

signed by various individuals and collectives in mourning39.  

 
Griffin David 
04.07.2013 

What a faithful and dedicated friend! Good bye Jason. Thankyou for your tireless work, 
soaring so high above us, watching patiently over our heaving oceans, advising us, gently, 

to step back from the edge. 
 

Parisot François 
05.07.2013 

It was a challenge in 1995 to propose to our US partners to use the first PROTEUS 
platform for the Jason‐1 mission and thus take the responsibility of the system 

development. New instrument, new satellite, new ground segment. It has not been easy, 
there were a lot of heights and lows up until the launch on December 7th, 2001. GPS, Star 
tracker, BV1, BV2, Solar array drives mechanism, red team.....all elements that made our 

nights difficult !!!! but at the end and thanks to the dedication of all, engineers within 
agencies and industry, scientists, experts, we manage to built a system that has satisfied its 
users well beyond the initial expectation. All good stories have an end, this time has come 

for Jason‐1. Happily, Jason‐2 has taken over and a new generation of engineers and 
scientists, as much motivated and dedicated as their predecessors is preparing Jason‐3 for 
launch in March 2015 and also paving the way towards Jason‐CS. Congratulation to all 

																																																								
38	(NOAA, 2016)	
39	Exact punctuation, spacing and language of these entries have been preserved. Entries 
taken from (CNES Aviso+, 2013). 	



170		

of you for this impressive achievement and I'm very proud having being and still being 
part of this endeavour.Francois ParisotAltimetry managerEUMETSAT 

 
Stavros Melachroinos 

03/07/2013 
Jason assembled a great group of heroes, known as the Argonauts after their ship, the Argo. 
A great thanks to the memorable Argonaut Dr. Yves Menard et al. for their legacy. It's up to 

us now, the new generation of Argonauts, to continue the quest for the Golden Fleece . 
S.M. 

 

The	future	of	Topex/Posiedon	
A new problem? 
 Starting with Jason-3 and continuing on, we have seen the problems identified 

(ocean circulation, ocean topography and climate change) shift toward a new buzzword: 

sea level rise. However, with this new buzzword comes a new controversy. Scientists 

can’t seem to agree on how to model it, where it’s happening and how much sea level rise 

is actually occurring annually. Particular disagreement revolves around models 

simulating past sea levels—or sea level before we were able to measure these sorts of 

things from outer space: “significant disagreements exist between sea level 

reconstructions, especially on regional levels, necessitating further investigation into the 

best practices for reconstructing past sea level” (OSTST, 2016).  

 In a Reddit AMA conducted just before the launch of Jason-3, the NASA and 

NOAA representatives made sure to mention the role the satellite would play in helping 

to detect sea level rise, also highlighting this pivot toward a new problem:  

“To maintain continuity of the Jason global sea rise record, two additional missions are 
already planned to follow Jason-3, Jason-CS-A to be launched in 2020 and Jason-CS-B to 
be launched in 2025. (Here “CS” refers to continuity of service.) The Jason-CS satellites 
will be jointly supported by NASA, CNES, EUMETSAT, and NOAA, as with Jason-3, 
with the European Space Agency, ESA, a new partner in the Jason-CS effort.”—(Reddit, 
2016) 

 

Another backslash, same interests 
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 The work-net of the new Jason satellites continues to grow: the new Jasons are to 

combine instrumentation and mission elements with the EUMETSAT Copernicus 

program, which flew a number of satellites entitled Sentinel (1, 2, 3, etc.), bringing us to 

another tangling of interests and yet another backslash: Jason-CSA/Sentinel-6A. The new 

satellite, set to be launched in 2020, will fulfill both the role of the Jason missions and the 

Sentinel missions, with most of the financial and instrument responsibilities lying on the 

European partners than on NOAA or NASA. However, this isn’t the end of a complex 

partnership—in fact, it’s set to continue into at least 20206:  

 
“You might think that trying to manage a complex, multi-decade, weather and climate 
program with 4 partner agencies (NOAA, EUMETSAT, NASA, CNES and soon ESA for 
Jason-CS) , would be difficult. In fact, it has been remarkably harmonious and 
productive, because the presence of a common objective – monitoring the global ocean – 
but also because of the opportunity for cost sharing. There are some cultural differences 
among the partners, but these mostly reflect mission differences, NOAA and 
EUMETSAT both being operational agencies, while NASA, CNES, and ESA have 
primarily research & development functions. The decision making process is entirely 
collaborative. Each mission is guided by a Joint Steering Group, including one 
representative from each agency. For more on why NOAA collaborates internationally, 
see: [provides link that is no longer accessible] (LM)” (Reddit, 2016).40  
 

 The future of the Jasons lies both in the connections built through their 

predecessor Topex/Poseidon and in the importance of the acting these satellites do. The 

acting of the T/P and the Jasons has become indispensible—so much so that agencies and 

organizations are planning on continuing the same data collection for at least 37 years, 

assuming Jason-CSB/Sentinel-6B has an operational lifetime of only three years. 

According to JPL, the inscriptions that are borne out of the acting of these satellites had 

been used in over 4000 publications that were sponsored by the program (it is likely 

many more were produced using the data that weren’t funded by the missions). And most 

																																																								
40	Original formatting and grammar has been preserved.		
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notably, the inscriptions have been translated for use in the prediction of the El Niño/La 

Niña effect, a success that is oft-touted in promotional materials. Recent materials 

(particularly on the US side of things) have been de-emphasizing the climate change 

research role and emphasizing the operational role. The operational role includes 

detecting cyclones, hurricanes, forecasting currents for commercial shipping, “coastal 

forecasting in response to environmental challenges,” amongst other things (NOAA, 

2016).  

 This indispensible nature of T/P and its successors have, seemingly, led to the 

same acting and the same work net to provide for answers to this new problem of sea 

level rise. But, of course, the Jasons also have relevancy elsewhere, something the AMA 

respondent “LM” made sure to emphasize:   

 
“The question of “how many is enough” has different answers depending on the 
objective. For the sea level rise problem, it is absolutely critical to maintain continuity of 
the global record, otherwise it might be difficult to detect an acceleration in the rate of 
sea level rise in a timely manner. We do this by planning to have an overlap between 
missions, so, generally, 1 to 2 satellites is a minimum number. For short time scale 
weather and marine hazard problems, like predicting the intensification of hurricanes, 
tracking oil spills, and high wave warnings, the more satellite coverage the better. 
(LM)”—(Reddit, 2016)  

 
 The legacy of the work done by actors in the T/P work-net is enshrined in an 

enduring work-net that has persisted even in the face of individual actors leaving or 

dying. The indespensibility of the work done and the connections forged have ensured its 

work continued. As the work persisted, the inputs, both financially and just in sheer terms 

of effort, decreased as the work-net shifted from creating something anew to simply 

managing the infrastructure that already existed.  
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V.	Conclusions	
 I set out to deconstruct the black box of outer space, constructed by many to be an 

anarchical battleground where Earth’s countries seek dominance. This black box of outer 

space contains the rapidly humanizing outer space, where humans have irrevocably 

announced their presence in Earth’s orbital space, a place that has been constructed but 

not necessarily de-constructed. To deconstruct this narrative, I used a postmodern theory 

that works as inside-out realism called Actor-Network Theory that emphasizes the use of 

case studies, and honed in on the creation of one satellite program seeking to study the 

topography of the Earth’s oceans. As a case study, this deconstruction of one satellite 

program contributes to the nascent critical geography literature spurred by MacDonald’s 

Anti-Astropolitik that seeks to provide alternative discourses to that of the more state-

centric, anarchic narratives about outer space a la Dolman. I cannot purport to draw many 

generalizable conclusions here: this case study is one example in thousands of satellite 

programs. However, there are plenty of specific lessons that may have wider applications.  

Lesson 1: How to become indispensible  

 Oceanographers banded together in the early 1980s to advance the discipline 

through a global ocean circulation experiment and through dedicated oceanography 

satellite missions. Taking a page out of the book of their mobilized counterparts 

meteorologists, oceanographers argued for relevancy through a new phenomenon, 

climate change, that interested many different actors. Through their work, they enacted a 

number of new satellite programs and internationally collaborative efforts to study the 

world’s oceans in tandem. This work is enshrined in a collection of thousands of in situ 

WOCE measurements that confirmed the success of satellite altimetric missions, and in 

the satellite missions themselves that were bent on studying the ocean’s circulation and 
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topography (T/P and the follow-on Jasons). The long continuity of the T/P and Jason 

missions are illustrative of the indispensability of oceanography in solving problems, 

both scientific and operational.  

 Similarly, Earth Systems Science, the new umbrella field created by the 

Bretherton Committee, has established itself as an indispensible norm. It now has its own 

departments in Universities (for an example, see the Stanford Department of Earth 

System Science) and its own journals. WOCE successfully completed its eight-year 

global program in 1998 with tens of thousands of oceanic in situ observations, housed in 

data centers scattered across the globe. These efforts have ensured that the oceans have 

endured as a global system, and that this system remains important in studies of climate 

change and, now, sea level rise.  

 
Lesson 2: How to ease enrolment 
 Creating a work-net take a lot of, well, work. But that work is lessened if the 

interested actors have already proven they would enrol successfully in other, similar 

work-nets. We saw that the dual-frequency altimeter, proven on prior satellites, used on 

Topex/Poseidon was given precedence over the experimental one designed by CNES. 

Once the altimeter designed by CNES proved it could do the same work as the proven 

one (and for much less financial input), it was chosen as the main actor on the succeeding 

Jason missions. Further, we watched as certain contracted actors (particularly, Thales-

Alenia and Alcatel) managed to enrol again and again—in contrast to many other 

contracted actors—as the groups proved that they could enrol effectively. A further 

elaboration of this point is nested in the SpaceX launch controversy, where a strut in the 

launch vehicle refused to enrol, leading to a dramatic explosion and the loss of the 
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mission payload for the first time in the Falcon 9’s existence. With this defection of the 

Falcon 9 rocket’s struts, the association was momentarily weakened, creating instability 

and uncertainty—would NASA pursue another launch vehicle in light of this uncertainty? 

Would Jason-2 continue working while the launch vehicle debacle was fixed? 

Uncertainty about how an actor will act can disrupt a work-net, further underlining the 

necessity of a provable track record.  

 And finally, the very association between CNES and NASA on this project 

happened because each had previously demonstrated its prowess in altimetry and ocean 

observation. Much like the difficulties of getting a decent mortgage are eased by a good 

credit history, the difficulties of enrolment are eased when interested actors have a 

provable history of doing the acting they set out to do. 

 
Lesson 3: Overcoming insidious actors 
 In this thesis, we have seen insidious actors creep in from many sides (other 

oceanographers, ions and water vapor in the atmosphere, gravity, etc.). These insidious 

actors seek to disrupt the work-net, decreasing its ability to act. To overcome these 

insidious actors, we need counter-actors, or actors that, much like white blood cells, will 

counteract the attempted disruption. We saw Carl Wunsch counteract the insidious 

oceanographers against the Topex/Poseidon and WOCE programs by disrupting their 

access to the requisite NASA employees giving the yea or nay on participation in the 

programs. We also saw our satellite’s altimeter use two frequencies in order to collect 

data that could be used to estimate the disruptions to altimeter-emitted radio waves 

caused by ions in the atmosphere. These sorts of actions helped to ensure a stable work-

net immune from outside acting that could destroy it. The work-net attempted 
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cooperation and coordination with other satellite programs to help counteract insidious 

actors; however, the two oft-cited ones (Gravsat and NOSS/NROSS) both failed, leaving 

the T/P work-net to counteract these actors on its own. Especially in the context of outer 

space, which is filled with insidious actors that must be overcome for a satellite to be able 

to do its work, the concepts of insidious actors and counter-actors hold much import. 

There is plenty of room for further studying these insidious actors and counter-actors, 

especially because overcoming them seems to leave room for cooperation and 

collaboration in a purportedly anarchic environment.  

Lesson 4: What is global? 
 The ironies of using Actor-Network Theory to study what has been deemed a 

global ocean observing satellite do not escape me. ANT claims to disrupt the dichotomy 

of local and global and to combust the idea of scale. How, then, can I be talking about 

global so often in this thesis? What does global mean, when faced with a satellite pointed 

toward Earth, intent upon observing Earth in its entirety?  

 Hopefully, this thesis has shed some light upon that. The global does not need to 

exist in contrast with the local when we talk about outer space. In fact, in outer space, the 

global can very easily become the local. The global does not need to be a black-boxed 

stage where indefinable entities do generalized things that may or may not filter down 

into a real-world situation. No, when we speak of the global in outer space, the global is 

something else entirely. It is the acting of the Earth like the acting of an organism—as 

many processes of one entity, observed by a satellite that takes only 100 minutes to fly 

around Earth. When looking down at Earth from outer space, suddenly, perhaps, the 

global makes sense not as a generalized phenomenon, but rather as a localized reality.  
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 But… when we move back to Earth and scroll through the data collected by the 

T/P and Jason satellites we realize that—wait—the inscriptions are all measurements 

taken in specific places, at specific times, over and over and over again until, through 

black boxes and spokespersons, these measurements are smoothed into a continuous 

model of ocean eddies, tidal surges or sea level rise. So, it might seem that the local is all 

there is, that it is only through the translation of models that aggregate and distort that we 

see more than a singular facet. Perhaps this non-conclusion merits more investigation: 

does the humanization of outer space give new meaning to the term global?  

 
Lesson 5: The Geographies of satellites 
 Where is Geography in outer space? Geography, with the addition of a z-

coordinate, exists in satellite orbit determination; it exists in the physical and relational 

spaces of production, testing and development of a satellite; it exists in the digital spaces 

of satellite data transmission; it exists in the death of satellites.  

 Geography can help us to understand how, and for what purpose satellites come to 

be (a satellite conceived of and developed almost entirely in an air force base very likely 

has a different application than one conceived in an oceanography conference and 

developed in various Universities and assembly sites around the world). Geography, 

when coupled with actor-network theory, can help us to understand the interests at hand, 

and can help us to remember that not all interests—and in fact, most interests—are not 

national in nature. Interests (like the desire to launch an ocean-sensing satellite) are 

situated in the individual, and must be translated to different people in order to get 

realized. Looking at where satellites are conceived of and produced can help us to 

remember this. Further, looking at the where of satellites can tell us much about the 
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power relations in the satellite assemblage: by looking at where the data from our 

satellites go, we can realize that the data is stored in a specialized computer that serves as 

an Obligatory Passage Point for the data, which is then held hostage while a select group 

of researchers can confirm that it is worthy of transmission to the public. And finally, 

Geography can help us remember that those hunks of metal we send flying into outer 

space, in the case of Jason-3, oftentimes never to be seen again (but they, of course, are 

always watching), are grounded here on Earth. They receive orbital maneuver 

instructions and software updates from engineers; send pulses out to GPS satellites who 

then transmit them down to Earth; they receive funds to continue operating (or to 

deliberately don’t receive funds and cease operating) that are issued in rooms on Capitol 

Hill. These satellites are, indeed, terrestrial—however, they contend with insidious actors 

(orbital debris, Earth’s gravity field, atmospheric drag, etc.) that are wholly celestial, a 

point we would do well to remember when referring to the black box of outer space, 

which cannot be fully explained in terms of terrestrial happenings, nor can it be fully 

explained without terms of terrestrial happenings.  

Areas for further research 

 This is not a comprehensive description of these satellites’ productions nor the 

work-net that produced them. We have here seen just a glimpse into how humanized 

outer space is actually produced. Further research into new satellite program case studies 

could greatly benefit this study—and the study of humanized outer space—as could a 

more robust description of this specific work-net.  

 Though we have seen the production of a satellite mission through the lens of 

numerous documents, studies of satellite production in the actual places of production 
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could prove a much more intimate and effective avenue for exploring interests and 

translation of interests that can shed further light upon the construction of humanized 

outer space. The observation of technologies and humans (and, perhaps, interviewing 

them) could help to understand their motives behind enrolment and the work necessary to 

get them to enrol.  

 Some of the most interesting motives that could certainly be further explored are 

those of algorithms, models and those who create them. We saw in this thesis that data 

transmitted from satellites must be black-boxed by algorithms that translate, tweak and 

refine that data. The refined data then may be plugged into mathematical models that use 

more equations to aggregate the individualized data, which is then finally translated to 

predict real-world, regional or global-scale phenomenon. This is a process and an 

assemblage that is an intimate (and increasingly relevant) assemblage of humans, 

technology and society that could certainly use more investigation.  

 Though we are certainly moving away from outer space, another avenue for STS 

could be looking into both physical and digital OPPs: who has control over data, where is 

it housed and who has access to it? We saw in this thesis that data centers and digital data 

processing was only beginning. Now, some twenty years later, society has begun 

grappling with the ideas of Internet data collection and ownership, and militaries across 

the globe have been grappling with the real security risks of Internet infrastructure and 

infrared scanning for data server warehouses.   

 Further studies of satellites considered to be national in nature also could help to 

explore whether the state-centric approach to outer space is warranted. From this one 

case, it seems to be wholly unwarranted—but, again, this is one case that proved perhaps 
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far too useful for this researcher’s purpose. That outer space remains a playground for 

state actors is still the norm even often in the critical tradition, and it could certainly merit 

more scrutiny.  

 And finally, studies concerning two very underrepresented actors—the presidency 

and the public—and their roles in the production of humanized outer space could add 

much-needed insight into how much acting they do in the construction of this black-

boxed entity.  
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Appendix	A, Ad Hoc Study Group on Carbon Dioxide and Climate, Woods Hole, MA 
July 23-27, 1979 
Name Affiliation 
Jule G. Charney, Chairman Massachusetts Institute of Technology 
Akio Arakawa University of California, Los Angeles 
D. James Baker University of Washington 
Bert Bolin University of Stockholm 
Robert E. Dickenson National Center for Atmospheric 

Research 
Richard M. Goody Harvard University 
Cecil E. Leath National Center for Atmospheric 

Research 
Henry M. Stommel Woods Hole Oceanographic Institution 
Carl Wunsch Massachusetts Institute of Technology 
  
Appendix	B, Climate Research Board, National Research Council, 1979 
Name Affiliation 
Verner E. Suomi, Chairman University of Wisconsin—Madison  
Francis P. Bretherton National Center for Atmospheric 

Research 
Dayton H. Clewell (retired) Mobil Oil Corporation  
Thomas Donahue University of Michigan 
Herbert Friedman Naval Research Laboratory 
J. Herbert Holloman Massachusetts Institute of Technology 
Charles W. Howe University of Colorado 
John Imbrie Brown University 
Robert W. Kates Clark University 
John E. Kutzbach University of Wisconsin—Madison  
Cecil E. Leith National Center for Atmospheric 

Research 
William A. Nierenberg Scripps Institution of Oceanography 
Roger R. Revelle University of California, San Diego 
Joseph Smagorinsky NOAA 
Frederick E. Smith Harvard University 
Karl A. Turekian Yale University 
John Waelti University of Minnesota 
Sylvan H. Wittwer Michigan State University 
Warren Wooster University of Washington 
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Appendix	C	

	
From	the	International	Doris	Service	Website 

Appendix	D	
Earth System Sciences Committee (Bretherton Committee) 
Name Institution  Affiliation 
Francis P. Bretherton National Center for 

Atmospheric Research 
Earth and Planetary 
Sciences 

D. James Baker Joint Oceanographic 
Institutions, Inc.  

Oceanography  

Daniel B. Botkin University of California at 
Santa Barbara 

Planetary biology 

Kevin C. A. Burke NASA Lunar and 
Planetary Institute 

NASA 

Mustafa Chahine JPL, CalTech JPL, CalTech 
John A. Dutton Pennsylvania State 

University 
Atmospheric Sciences 

Lennard A. Fisk University of New 
Hampshire 

Space Sciences 

Noel W. Hinners NASA Goddard Space 
Flight Center 

NASA 

David A. Landgrebe Purdue University Engineering/Remote 
Sensing applications 

James J. McCarthy Harvard University Oceanography  
Berrien Moore III University of New 

Hampshire 
Earth Sciences 
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Ronald G. Prinn Massachusetts Institute of 
Technology 

Atmospheric Science 

C. Barry Raleigh  Lamont-Doerty 
Geological Observatory, 
Columbia University 

Geophysics  

Victor H. Reis Science Applications 
International Corporation 

IT and Engineering firm 

Wilford F. Weeks U.S. Army Cold Regions 
Research and Engineering 
Laboratory 

U.S. Army 

Paul J. Zinke University of California at 
Berkeley  

Forestry/Soils  

  

Appendix	E	
Bretherton Committee Agency Liaisons  
Name(s) Institution Connection to T/P 
James Graf JPL  
Harry Press JPL  
Ray J. Arnold NASA  
Dixon M. Butler NASA One of the scientists who 

led the charge of the 
Bretherton Committee 
within NASA. 

Thomas L. Fischetti NASA  
Edward A. Flinn NASA   
Georgia A. LeSane NASA  
Robert E. Murphy NASA  
William Raney NASA  
John S. Theon NASA  
Shelby G. Tilford NASA One of the scientists who 

led the charge of the 
Bretherton Committee 
within NASA.  

Robert A. Watson NASA  
W. Stanley Wilson NASA NASA project scientist 

who worked on T/P 
James D. Lawless NASA Ames Research 

Center 
 

Marvin Geller  NASA Goddard Space 
Flight Center 

 

Gerald A. Soffen NASA Goddard Space 
Flight Center 

 

Jon D. Erickson NASA Johnson Space 
Center 
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William W. Vaughan  NASA Marshall Space 
Flight Center 

 

Gregory S. Wilson NASA Marshall Space 
Flight Center 

 

D. Wayne Mooneyhan  NASA National Space 
Technology Laboratories 

 

Charles A. Whitehurst NASA National Space 
Technology Laboratories 

 

Peter Abel and David S. 
Johnson 

National Academy of 
Sciences 

 

John A. Eddy National Center for 
Atmospheric Research 

Testified on behalf of 
Topex/Poseidon to 
Congress.  

William P. Bishop; 
Jennifer M. Clapp; Joseph 
O. Fletcher; Valery Lee; 
John H. McElroy  

NOAA  

Nancy Ann Brewster; H. 
Frank Eden; William J. 
Merrell, Jr.  

NSF  

Richard G. Johnson Office of Science and 
Technology Policy 

 

John L. Engel  Santa Barbara Research 
Corporation 

 

Bruce Hanshaw; Gene 
Thorley; Raymond D. 
Watts 

USGS  

Appendix	F	
Topex/Poseidon mission leaders   
NASA  Duty Connection  
Daniel Goldin  
 

Administrator  

Aaron Cohen Acting Deputy  
Dr. L.A. Fisk Associate Administrator, 

 Office of Space Science and 
 Applications 

Bretherton Committee 
member, Chairman of 
the Space Science 
Working Group, 
Association of 
American Universities 

Alphonso V. Diaz Deputy Associate 
Administrator 
 Office of Space Science and 
 Applications 

 

Dr. Shelby G. Tilford Director, Earth Science and 
 Applications Division 

Bretherton Committee 
Liaison, Bretherton 
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Committee progenitor  
Dr. W. Linwood Jones Program Manager  
Dr. William Patzert Program Scientist 

 
 

Centre Nationale d'Etudes 
Spatiales 

Duty  

Dr. Jean-Louis Fellous Program Manager  
Michel Dorrer  Project Manager  
Dr. Alain Ratier  Program Scientist  
Dr. Michel Lefebvre  Project Scientist Published numerous 

studies and reports 
regarding T/P  

Jet Propulsion 
Laboratory 

Duty  

Charles Yamarone Jr.  Project Manager  
Dr. Lee-Lueng Fu Project Scientist Published numerous 

studies and reports 
regarding T/P 

 

Appendix	G		
Joint Verification Activities, (Joint Verification Plan, 1992 pg. 84)  
 
Experiment focus Leader Objective 
Bass Strait N. White On-site height 

verification 
Mediterranean Sea F. Barlier Regional orbit and orbit 

and MSS validation 
Around UK; Tyrrhenian Sea; 
Sea ice, lakes, rivers and 
deserts 

P.L. Woodsworth Local Sea Surface Height 
(SSH) and POD 
verification; Wind speed 
validation; tropospheric 
correction; SSH 
validation 

Sea-state bias; quick-look 
products 

L.L. Fu Sea-state bias evaluation; 
gridded fields of SSH, 
wind 

SEMAPHORE, northeast 
Atlantic 

L. Eymard SSH validation, wind and 
wave validation, and 
tropospheric correction 

Nordic Sea dynamics L.H. Pettersson SSH validation and geoid 
estimate 

Sea-level validation R. Cheney Timing bias, sea-state 
bias, geophysical 
correction assessment 

Western equatorial Pacific J. Picaut SSH validation; 
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atmospheric effects 
Activities around Japan J. Segawa POD validation and MSS 

validation 
Hawaii sea-level center 
contribution 

G.T. Mitchum Regional sea-level 
verification 

Kuroshio region J. Mitchell Sea-level quick-look 
products 

California Current System P.T. Strub Sea-level eddy transport 
and geostrophic currents 

GPS buoy experiment G.H. Born  Altimeter calibration 
Global verification B. Tapley Height bias and drift 

timing bias 
Altimeter E.J. Christiensen Altimeter transponder 

experiment, EM-bias, 
ionospheric delay 
validation 

Sea-level variability A. Shibata Altimeter near Japan 
Nonocean surfaces C.S. Morris Evaluation of data over 

nonocean surfaces 
Land, lakes, and rivers H. Frey Evaluation of data over 

nonocean surfaces 
Quick-look analysis P.Y. LeTraon Quick-look products 
 

Appendix	H	
Joint Oceanographic Institutions Incorporated, Satellite Planning Committee 
Name Affiliation 
D. James Baker, Chair Joint Oceanographic Institutions 

Incorporated 
Otis B. Brown University of Miami 
Robert R. P. Chase Woods Hole Oceanographic Institution 
Dudley B. Chelton Oregon State University 
Peter Cornillon University of Rhode Island 
William F. Haxby Columbia University 
James J. McCarthy Harvard University 
Lawrence F. McGoldrick The Johns Hopkins University 
Thomas B. McCord University of Hawaii at Manoa 
Richard W. Newton Texas A&M University 
James J. O’Brien Florida State University 
Raymond C. Smith University of California, Santa Barbara 
Robert H. Stewart University of California, San Diego 
Byron D. Tapley University of Texas at Austin 
Walter B. Tucker III Water B. Tucker III 
Norbert Untersteiner University of Washington 
Carl Wunsch Massachusetts Institute of Technology 




