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From Physics to Economics

Economic specification of Earth orbits

• Earth orbits describe a common pool resource: 

• it is non excludable but rival

• It is an ecosystem: 

• its exploitation provides users with peculiar benefits (also called ecosystem

services)

• Space debris represent a negative externality to the orbital resource: 

• Producing more pollution reduces the utility provided by the orbit

• Users have preferences for satellites orbital trajectories:

• e.g. Sun-Synchronous Orbit is prefered for Earth Observation Satellites
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Problematic

• Bad resource management:

• Pollution, scarcity, increase in cost and risk

• Feasible solutions: 

• Mitigation guidelines

• New designs for spacecrafts

• Active debris removal

• Due to very high costs, it is mandatory to focus most dangerous debris

What kind of methodology could be carried out to valuate the orbital resource for 

the purpose of improving its quality and ensure its sustainability?

Are the ranks subject to change with these additional parameters?
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A SIMPLE VERSION OF SPACE
DEBRIS INDEX
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Outline

• Physical Index: 𝑰𝑷.𝑴

• Value of Space Assets: 𝑽𝒂𝒍𝒖𝒆𝒋 = 𝜶𝑺𝒋 + 𝜷𝑪𝒋 + 𝜸𝝅𝒋

• Economic index: 𝑰𝒔𝒂𝒕 + 𝑰𝒅𝒆𝒃
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Current debris classification tools

• NASA debris production function: 𝑵𝒅= 𝟎, 𝟏 ×𝑴𝟎,𝟕𝟓 × 𝑳−𝟏,𝟕𝟏

• Derives the number of debris of size above or equal to L

• Collision probability: 𝑷𝒄 𝒙 = 𝒏 =
𝒄𝒏

𝒏!
𝒆−𝒄 ; with 𝒄 = 𝒗𝑫𝑨𝒄𝚫𝒕

• Debris index: 𝑰𝑷.𝑴 = 𝑷𝒄 𝒙 ≥ 𝟏 × 𝑵𝒅

• i.e. expected number of debris debris of a given size in a given time period

• Missing: post collision environmental consequence, i.e. increased 

density/flux in the neighborhood of the impact point threatening 

unequally non and operational objects
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State of FY-1C cloud 10 years after

80%

Impact Point Semi Major Axis

Semi Major  Axis



Romain Esteve | 21/09/2017 | Slide  8ESA UNCLASSIFIED - For Official Use

A VALUATION METHOD
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Outline
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What determines the value of a resource?
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A framework to value Earth orbits
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A framework to value Earth orbits (Earth Observation)

Macauley’s value of information determinants (2006):

• Outcome at stake (+) - 𝝅𝒋

• Nature of the application: ocean, land, meteo…

• Second Best substitute (-) - 𝑺𝒋
• Tradeoff between quality/quantity and costs from other sources, (in situ 

measurement, other spacecraft's…)

• Cost of obtaining/processing the data (-) - 𝑪𝒋
• Production, processing, learning, access

𝑽𝒂𝒍𝒖𝒆𝒋 = 𝜶𝑺𝒋 + 𝜷𝑪𝒋 + 𝜸𝝅𝒋
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AN ECONOMIC AND 
ENVIRONMENTAL INDEX
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Outline
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Neighborhood approach

• The environmental parameter must consider the “precise” location where 

an eventual break-up would take place

• The additional density will be decreasing with respect to the distance 

between a debris and the break-up location

• The analysis do not take into account the evolution of a cloud over time. I 

consider that 80% of the distribution sticks around the impact point for 10 

years
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Economic and Environmental index

For a given debris, « 𝐼𝑠𝑎𝑡» is the weighted sum of all the active satellites value 

present in the ellipsoid of the eventual breakup. 

(𝑣𝑎𝑙𝑢𝑒𝑗 = 𝛼𝑆𝑗 + 𝛽𝐶𝑗 + 𝜋𝑗)

For a given debris, « 𝐼𝑑𝑒𝑏 » is the weighted sum of all the non-operational objects 

mass present in the ellipsoid of the eventual breakup. 

Where omega is the distance (weight) function
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A new index for space debris

The new index writes:

Where ҧ𝐼 are norms computed with respect to a dummy debris with values set to:

• 𝑆𝑀𝐴0 = 7171𝑘𝑚; 𝑖0 = 98,5𝑑𝑒𝑔;𝑚0 = 1031

Where 𝑥 is the share of objects smaller than 7cm and bigger than 1cm produced in 

a breakup event
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Illustration
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Results: Application to the Sun-Synchronous Orbit
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