
Space Traffic Management and 
the Tragedy of the Commons

Moriba Jah, Ph.D.
Director, Space Object Behavioral Sciences

Las Cruces, Oct 12, 2016



Traditional Reasons for Exploiting Space
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1. Communications

• TV, telephone, education, banking, business transactions, etc.

2. Position, Navigation, and Timing (PNT)

3. Military/Government

• Intelligence, surveillance, and reconnaissance (ISR), 

communications, treaty monitoring, etc.

4. Land Stewardship

5. Earth Science (including climate and environment 

monitoring) and Space Science

Fact: None of These Space Services and 
Capabilities Are Protected!
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Demand Signals from the
Global Space Community

• Warning, protection, and attribution of loss, 
degradation, or interruption of space services, 
capabilities, or activities

• Warning and protection against humanity-ending events 
from space 

• Unhindered, low-cost, easy, and long-term access and 
use of the space environment

• Implications for good stewardship of the space environment

The ability to predict, quantify, and assess the behavior of 
objects in space is foundational to all of these demands!



The Space Frontier and Upward Expansion
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The Space Frontier is like the West Frontier and Expansion of Old:

1. Little-to-no Rules, no real-estate deeds: What should be 

regulated? “Lawlessness of the West”

• Geographical, Social Factors, Values, and Attitudes

2. Potential to make lots and lots of money near term: “Gold 

Rush” Bonanza!

3. Easier and cheaper access to space seen as the biggest 

barrier: “Transcontinental Railroad”

4. “New Space” not following the paradigm of traditional space 

actors. Where is cost cut?

The Result? Risk of Operating in Space is Rising!



Tragedy of the Commons

• William Foster Lloyd essay in 1833
• A shared-resource system where individual users acting independently according to 

their own self-interest behave contrary to the common good of all users by depleting 
that resource through their collective action

• Common Resource (e.g., grazing land)
• N cattle farmers sharing a common land for grazing. Each farmer benefits from one 

more head of cattle but overgrazing threatens the whole. Where is the tipping point? 
Would a farmer cause the death of another farmer’s cattle for his own benefit? Who 
would know?

• Certain orbital regimes becoming increasingly congested

• What about the Space Environment? 
• Western mining wrought havoc with silt in the water, mercury use, etc. You can’t just 

pick up and move to another orbit and get the same results—the physics matter!



Confirmation Bias: Not Real Science

Tendency to search for, interpret, favor, and recall information 
in a way that confirms one's preexisting beliefs or hypotheses, 
while giving disproportionately less consideration to alternative 
possibilities

• SGP4 for Simulated Data, Kinetic Theory of Gasses for Collisions, etc.

Many of those who’ve contributed to the problems are the only 
ones who have access to provide solutions

• Invocation for openness, transparency, diversity, and sharing!



Sources Sinks
•	New	Live	objects/satellites	
•	All	space	object	weathering		leads	to	flaking,	chipping,	erosion
•	Mission/deployment	related	debris
•	Gravity	fatigue	and	torqueing	self	destruction
•	Dead	objects/debris	and	explosions
•	Fretting	fatigue	causing	structural	failure

De-orbiting	objects:
Space	environment	and/or	
gravitationally		induced	
perturbations	about

1-3	per	day
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Spacecraft

Mission-related Debris

Rocket Bodies
Iridium-Cosmos Collision

Chinese Antisatellite Test

Cataloged Objects in Earth Orbit
National Aeronautics and Space Administration

~1400  “Live” objects

~22,000 objects  >10cm

~3-600,000 objects  >1cm

Space participants are 
proliferating – over 60 countries 

today

Alive and Dead Objects:
A growing problem in all regions of space!



Space Surveillance Telescope Synoptic Search Data
(Cyan = Uncorrelated)

• Example: SST Synoptic Search 
Data (Blue = Uncorrelated)
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• SRP acceleration likely in non-sun 
line direction: thermal emissions, 
attitude changes

• Size, shape, and attitude may or 
may not be known as a function 
of time

• Materials likely unknown, and/or 
aging effects a factor

The Reality…

Solar Flux

aX

aY

aZ

Imprecise	modeling	increases	error	in	reconstruction	and prediction

What’s in Orbit? Why don’t we Know?

• SRP acceleration is purely 
along sun line

• No shape/attitude

• Materials are uniform

The Assumption…

Solar Flux

aSL



Space Traffic Management Needs
A Thriving Commerce Needs Infrastructure and Safety

• What are the Constituents of the Man-made Space Object Population?
• This requires some sort of taxonomy that enables meaningful space object 

classification

• What are the “Track Custody” requirements for each class of object?
• Custody implies that the space object is where predicted and can be uniquely 

identified (e.g. positive space object identification)
• How do we do “tag and track”?

• What are the Orbital Safety requirements for each class of object and 
orbital regime?

• What about the Long Term Sustainability of Space Activities? 

• Space Laws, Policies, and “Rules of the Road"
• Is monitoring them practicable?
• Are they enforceable?
• Whose following them to begin with?
• Are they actually useful?



Space Traffic Management: 
Government’s Role

Retiring Risk
• “New Space” want a quick ROI and have little-to-no understanding of on-

orbit operational risks, or (therefore) safe behaviors
• Most assume that providing orbital safety is someone else’s responsibility

• E.g. roads, bridges, and driver’s education

Regulating and Enabling
• Currently no laws or regulations to cover commercial-on-commercial 

rendezvous and proximity operations
• If industry COMPLETELY self-regulates, those who already have a 

competitive advantage could stifle new business
• E.g. Prevent new companies from launching into their orbital regime by claiming them to be 

risky or unsafe or making rules overly strict
• We still lack knowledge and understanding of the space domain to pass 

comprehensive legislation regarding orbital safety

Assessing and Enforcing
• Regulations, policies, and guidelines are less useful when they can’t or 

aren’t being rigorously and comprehensively assessed
• Without evidence and associated confidence, there can be no enforcement

• E.g. attribution of cause to loss, disruption, or degradations of space services, capabilities, or 
activities



Way Ahead!

• Forcing a defense driven product to satisfy civil and 
commercial needs does not make sense
• The inference process is subjective and hinges on the specific questions 

asked

• Provide a Common Data (e.g. Sensor) Pool
• STM lead organization can exploit (read process) a common data pool 

driven by their own needs and questions and develop a catalog that will 
thus meet their requirements for orbital safety, long term sustainability of 
space activities, space traffic management, etc.

• The STM catalog will never be the same as the USSTRATCOM catalog BUT 
can be designed and made to be CONSISTENT

• Single Catalog Does Not Make Sense But a Common 
Space Domain Management Language Does!
• Use to enforce multiple user catalog consistency
• Provides a holistic and common operating picture of the space domain
• Agree on standards: data calibration, formats, dynamical models, space 

environment models, timing, coordinate frames, reference frames, etc.



Common Data Processed With Different Needs (But 
Same Standards) Will Yield Different Results That 

Should Be Consistent



How Can the University of Arizona Help?
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1. Bring scientific inquiry, rigor, and resources to the 

pressing questions at hand

2. Develop NEW solutions: from state-of-the-possible to a 

refreshed state-of-practice

3. Provide Track II Diplomacy

4. Deliver a modern, resilient workforce
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1. Scientific Inquiry and Objectivity

• Government agencies are 

mission-focused

• Contractors address agency-

identified and prioritized 

problems and requirements

• Commercial solutions are 

typically proprietary

• Imaging / sensing capabilities 

(and data!) that complement 

government and commercial 

infrastructure

• Deep operations experience

• Space weather monitoring

• NEO detection

• Cyberinfrastructure

Academics are at liberty to question the current state-of-practice in 
context of, and in contrast to, the state-of-the-possible

Relaxed Operational Constraints Expanded Resources
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2. Contribute New Solutions

Academic-led innovations 
in SSA / STM include:
• Adaptive optics
• Space domain

ontologies
• Information theoretic 

approaches to sensor 
tasking

• New algorithms to 
process and filter alerts 
produced by time-
domain surveys

The highest-impact science is primarily grounded in exceptionally 
conventional combinations of prior work yet simultaneously features an 

intrusion of unusual combinations.

Members of the LSST team gather to celebrate the successful casting 
of the telescope's 27.5-foot-diameter mirror blank in August 2008.



3. Track II Diplomacy
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• Exchange scientific data, 

techniques with academic 

colleagues

• Place or share sensors at 

longitudes inaccessible to 

governments or militaries

• Deliver training in collaboration 

with USSTRATCOM

Universities can pursue purely scientific collaborations with 
nation states in a way that develops confidence via 

transparency.



4. Prepare a Modern, Resilient Workforce
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Today’s space industry labor 

pool received degree(s) in 

traditional disciplines

What about a “Hogwarts” for 

Space Traffic Management?
• Advanced degrees (MEng for SDA)
• Certifications
• Apprenticeships
• Visiting scholars program

By crafting new degrees and integrated curricula, universities have the 
potential to produce well-rounded individuals who have been 

exposed to the many facets of SSA.



Moriba Jah, Ph.D.

Director, Space Object Behavioral Sciences

moribajah@email.arizona.edu

+1 520 621 2040

http://sobs.arizona.edu
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• Space Traffic Monitoring and Space Object Track Custody

• Space Situational/Domain Awareness

• Launch and Orbital Safety of Operations

• Long-Term Sustainability of Space Activities

• Planetary Defense (Near Earth Objects)

• Space Law/Policy/Treaty/Guideline Monitoring and Assessment

• Space Insurance Company Policies and Underwriting

• Rigorous, Objective, and Unbiased Studies and Assessments

What We Can Do For You!
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Orbital Population Vs Altitude (e.g. LEO)



• Space environment effects and impacts on space objects and events
- Material aging and degradation

– Sloughing and break-ups, optical properties, etc.
- New methods of space object and event detection, tracking, and 

classification
– Photoacoustic signatures, stroboscopic effects, vectorized energy and 

momentum states and parameters, etc.
- Non-gravitational forces and torques

– Solar pressure, Earth albedo, Earth radiation, charging effects, magnetic 
field interactions, etc.

– Intra/er model physics consistency!
– Continuous/low-thrust space object detection and track custody

• Use of ontologies and taxonomies that facilitate space object behavior 
quantification, assessment, and prediction

Critical Areas for Research



• Information Theoretic methods for Space Objects and Events
- Quantifying the required information content in the context of specific problems to 

be addressed
– Can we map information needs to required bits and get the bits from “the 

network” instead of being specific-sensor driven?
- How does this inform multi-modal sensing and sensor development?

– Hyperspectral, hypertemporal, spectroscopy, polarimetry, RF, etc.

• Hard/Soft Information Fusion
- Combining and fusing semantics, sensor data, and opinions

• Big Data storage and management, and exploitation
- Data Science and Analytics for exploitation
- Linked Data via Ontologies and Object Based Production
- Development and use of the Space Domain Information Fusion Model

Critical Areas for Research



• Behavioral Science
- Cultural and societal perspectives and beliefs and their influence on 

space objects and events
- Predicting intent!

• Space Policy/Law/Guidelines
- Scientifically informing policies to support a variety of community 

needs
• Human Factors

- Representing data and information
- Visualization and interaction for decision-making

• Many others…

Critical Areas for Research


