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1 Introduction

Introduction goes here. Don’t include much yet.

2 Laws of Motion

In this model there are two types of entities subject to laws of motion; i.e.
constellation-level satellite stocks and debris. These laws are the foundations
to the results found in sections 3 and 4, and are crucial elements of the models
presented in sections sections 5 and 6.

2.1 Satellite Stocks

Each constellation consists of a number of satellites in orbit, controlled by the
same operator and operated for the same purpose. Satellites can be destroyed
by collisions with other satellites or debris. Of course, satellite stocks can be
increased by launching more satellites. Assuming satellites live indefinitely,
these facts give us the following law of motion for each constellation i.

Si
t+1 =

(
1− li({sjt}, Dt)

)
sit + xit (1)

Where li(·) represents the rate at which satellites are destroyed by collisions.
Note that it is reasonable to assume that the loss of satellites to collisions should
be increasing in the level of debris: ∂li

∂Dt
> 0.

2.1.1 Collision Efficiencies

As demonstrated by reiland2020, there are constellation designs by which an
operator can minimize the risk of intra-constellation collisions. I assume that
when designing a constellation, the operator chooses to minimize collision risks,
and as a result, there is a greater relative risk of inter-constellation collision.

It is reasonable to ask why operators would not use the same techniques
to reduce inter-constellation collision risks? While some of the steps could be
taken, a fundamental issue arises in that constellations are operated for differ-
ent purposes and require different orbital properties. This coordination is also
complicated by the fact that many of the constellations that will add to the
overall risk have not been concieved by their designers yet.

Consequent to these reasons, I believe the loss function li should have the
following properties related to satellite stocks.

∂li

∂skt
> 0 ∀k ∈ {1, . . . , N) (2)

∂li

∂sjt
>

∂li

∂sit
∀j 6= i (3)
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2.2 Debris

Debris is generated by various processes, including:

� Naturally occuring debris

� Satellite launches, operations, failures, or intentional destruction.

� Collisions between satellites

� Collisions between satellites and debris

� Collisions between debris

Debris leaves orbit when atmospheric drag slows it down enough to reenter the
atmosphere.

These effects can be represented by the following general law of motion.

Dt+1 = (1− δ)Dt + g(Dt) + γ({sjt}, Dt) + Γ({xjt}) (4)

I formulate this more specifically as:

Dt+1 = (1− δ)Dt + g(Dt) +

N∑
i=1

γli({sjt}, Dt) + Γxit (5)

where Γ, γ represent the debris generated by each launch and collision respec-
tively, while δ, g(·) represent the decay rate of debris and the autocatalysis1 of
debris generation.

3 Kessler Syndrome

In Kessler1978 the authors described and forecasted what has come to be
known as “kessler syndrome”, where debris collides with itself in such a way
that the overall debris level grows exponentially. A few methods have been
used to model this behavior in the economics literature.

The first one I want to explain was developed by Adilov2018. They char-
acterize kessler syndrome as the point in time at which an orbit is unusable as
each satellite will be destroyed within a single time period. In my notation,
this is that li({sjt}, Dt) = 1. The benefit of this approach is that it is alge-
braically simple. It was used in this role to show that firms will stop launching
before orbits are rendered physically useless. Unfortunately, it does not convey
the original intent of “kessler syndrome”, i.e. a runaway pollution effect, but
instead corresponds to the end result of kessler syndrome.

The second common definition of “kessler syndrome” is due to RaoRondina.
They define it in terms of a “kessler region”, the set of satellite stocks and the
debris level such that:

κ =

{
{sjt}, Dt : lim

k→∞
Dt+k

(
{sjt+k−1}, Dt+k−1, {xj}

)
=∞

}
(6)

1Using terminology from (RaoRondina2020).
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3.1 My approach to kessler syndrome

I propose to analyze kessler syndrome in a slightly more restricted fashion than
RaoRondina. I would define the ε-kessler region as:

κ =
{
{sjt}, Dt : ∀k ≥ 0, Dt+k+1 −D + t+ k ≥ ε > 0

}
(7)

4 Survival Analysis

Introduction goes here

4.1 testing

This is a subsection of the introduction.

5 Constellation Operator’s Program

Introduction goes here

5.1 testing

This is a subsection of the introduction.

6 Social Planner’s Program

Introduction goes here

6.1 testing

This is a subsection of the introduction.
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