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Introduction

On Wednesday March 11, 2026, NASA’s Van Allen Probe made a fiery return back to Earth,
burning through the atmosphere at thousands of miles per hour. The 600-kilogram space probe crashed
into the Pacific Ocean, just south of Mexico and west of Ecuador. The spacecraft was projected to make
its return in 2034, but unexpected environmental circumstances altered these plans. Scientists have
concluded that the Sun’s current 11-year solar cycle, known as the Schwabe cycle, "has proven far more
active than expected." In 2024, the sun reached an especially strong solar maximum, which likely
contributed to the early return.!

The unexpected return of the Van Allen Probe underscores that environmental threats to the space
industry are unavoidable and costly. But just as the space community develops its knowledge of how the
space environment threatens space operations, it is also crucial to understand how space operations
impact the environment. With the growth of space debris in recent decades, its atmospheric effects must
be carefully analyzed to determine the severity of the ramifications and best practices to mitigate future
consequences.

Operational Standards

It is widely known that space debris in Earth’s orbit is increasing rapidly. In 2001, there were
8,700 pieces of space debris catalogued by the International Academy of Astronautics (IAA).2 Today, the
number of trackable orbital debris has risen to over 48,000 pieces.’ The threat of debris colliding with
space assets like satellites, space stations, and other spacecraft remains a major threat to the operations of
the space industry.

Some space debris returns to Earth through the natural influence of gravity and atmospheric drag,
where it often burns upon reentry. These processes are considered a form of passive removal because they
rely on natural forces rather than active propulsion or controlled intervention. Alternatively, when
operators seek for an object to return to Earth at a specific location or time, they perform controlled
reentries, where space debris is intentionally guided out of orbit and into Earth’s atmosphere.

In the United States, the FCC adheres to a 5-year deorbit standard.* Internationally, IADC, the
Inter-Agency Debris Coordination Committee, requires that many satellite operators follow a 25-year
rule.’ Further, best practices as advised by the United Nations Committee on the Peaceful Uses of Outer
Space (UN COPUOS) Long-term Sustainability Guidelines suggest that operators design their satellites
with end-of-life plan in mind from the beginning, and emphasize the need for space situational awareness
coordination to reduce collision risks.®

The reduction of objects in orbit creates safer orbital spaces by reducing the threat of collision.
Thus, to mitigate the proliferation of orbital debris, the community has increased the number of objects
reentering Earth’s atmosphere, which have created their own environmental consequences. At the current
scale, thousands of satellites burn up in the atmosphere each year.’



Atmospheric Effects

Research regarding the atmospheric effects of space debris and satellite reentry are in its early
stages. University of Southampton’s Dr. Minkwan Kim and Mr. lan Williams have pioneered some of the
discipline’s foundational research. They found that by 2033, around 3,500 metric tons of aerosols are
projected to enter the upper atmosphere annually through satellite reentry. These aerosols, such as
aluminum oxide, damage the ozone layer, a critical section of the stratosphere shielding Earth from solar
radiation.®

Dr. Chris Maloney, a CIRES research scientist at the National Oceanic and Atmospheric
Administration (NOAA) Chemical Sciences Laboratory, reports that aluminum oxide particles could
increase atmospheric temperatures by 2.7°F near the poles and reduce wind speeds in the Southern
Hemisphere polar vortex by approximately 10 percent. Researchers believe these changes might create

the positive externality of shrinking the ozone hole that forms over the South Pole every year, but the
broader interactions of this are not yet fully understood.’

At this time a healthy degree of concern seems warranted as scientists continue to study the long-
term effects of increasing space debris and satellite reentry on the atmosphere and ozone layer.

Legal Implications
International and domestic laws assign some responsibility for space debris to host countries, but

existing frameworks largely focus on property ownership, financial implications, and collision liability
rather than environmental accountability. For many decades, the problem that needed immediate attention
was the threat of asset collision with space debris. Only now is the community beginning to understand
the tradeoff that was made at the expense of the environment.

As Yannick Radi writes for the European Society of International Law, existing treaties “simply
do not address a number of issues raised by space debris. This holds true notably for the protection of the
environment per se. Indeed, the object and purpose of those treaties are largely human-oriented, the
protection of the space and Earth environments therein being largely instrumental.”!?

Launching States are responsible for damages caused by their objects falling to Earth, say damage
to a house from an object impact, but the emerging problem of environmental degradation has no
substantial framework to address reentry emissions."!

Scientific challenges further complicate this issue. Measuring the environmental impacts of
individual reentering satellites or rocket stages is difficult, and attributing effects to specific States is often
impossible.'? Even if legal frameworks were established and rigidly enforced, current science may
currently lag behind the community’s standards for justice and order.

Organizations like the European Space Agency (ESA)" and United Nations Office for Outer
Space Affairs (UNOOSA)' provide guidelines, monitoring, and oversight of environmental protections,
but the frameworks for actually enforcing these policies internationally are, at best, lacking.

Domestic enforcement by agencies such as the FCC face similar issues. As of 2026, only a single
fine has ever been levied for satellite debris noncompliance, and existing guidelines remain largely
voluntary rather than legally binding.'®

Proposed Solution
The main solution is the use of environmentally sustainable materials for satellites and spacecraft
in orbit. This proposal would require the restriction of the most harmful metals and other materials for any




object that plans to reenter the atmosphere in both the Federal Acquisition Regulations (FAR) and the
launch and re-entry licensing framework. This path will become more feasible as the community
understands the full environmental impacts of specific materials in reentry, and the aerospace industry has
the opportunity to provide input on the promulgation of relevant regulation.

Conclusion

The rapid accumulation of space debris and increasing satellite reentries pose a growing threat to
Earth’s atmosphere. While international and domestic legal frameworks can address physical damage
from orbital objects, they are insufficient for the environmental impacts of the space industry including
chemical emissions, atmospheric heating, and ozone depletion. Addressing this issue will require further
scientific research, stronger international coordination, and stricter enforcement from existing
frameworks. The community's plans for space span centuries, so it’s crucial to regulate the industry to
protect its long-term viability.
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