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These are boom times for the space 
business.   
 
In the U.S. alone, satellite launches 
have surged more than 600% over 
the past decade,1,2 and their pace is 
only expected to accelerate as the 
race to deploy data centers into orbit 
heats up.3 What happens in space 
now touches almost every aspect 
of modern life, from agriculture to 
national security to navigation to 
internet access.

But as our activity in space picks up, so does the 
need to study its effect on Earth’s atmosphere 
and find ways to prevent potential harm. 

This paper is an attempt to jumpstart a nuanced 
conversation about how to address these 
environmental issues without sacrificing the 
benefits of our growing space presence, which 
are too great to lose and felt daily by everyday 
Americans. 

In Washington, discussions about the space 
industry’s impact on our atmosphere often focus 
on a binary question about whether or not there 
should be more regulation. This is a mistake 
that ignores the many major questions still in 
need of answers. We believe it would instead 
be beneficial to find a pragmatic, integrated 
path forward that engages both industry and 
government in identifying ways to maximize our 
rewards from space and minimize atmospheric 
effects. 

Crafting this integrated approach will require 
tying together several different policy and 
scientific conversations.

To understand the potential harm side of the 
equation, it is essential to study the impact of 
rocket fuel emissions into the atmosphere and 
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of satellites largely breaking up into particulate 
matter during reentry. While there are also 
concerns about the footprint of space activities 
on Earth from siting to discharges of pollutants, 
we already have established statutory and 
regulatory frameworks in place to govern 
them. Our focus in this report is on the less 
understood and unseen atmospheric and near-
Earth environment.  

To calculate the benefits, we need to broadly 
map the contributions that space-based science 
bring home in the areas of emergency and 
environmental management, agriculture, and  
conservation. Congress has fortunately resisted 
budget cuts to NASA and other climate agencies 
proposed by the Trump administration that 
would make this task much harder. But as we’re 
thinking about the environmental return on 
investment in space, the conversation should be 
evolving from merely sustaining research to how 
we maximize the impact of data gleaned from 
space using new tools, partnership structures, 
and audiences.

There are five primary questions policymakers 
need answers to in order inform thoughtful, 
integrated solutions: 

1.	 What exactly is the environmental impact of 
space activities on the atmosphere?

2.	 Do different fuels and materials used in 
space activities have differing impacts 
on the atmosphere and near-Earth 
environment?

3.	 If there is a negative environmental impact, 
are there ways of minimizing it beyond fuels 
and materials, such as changing concepts 
of operations? 

4.	 How can we apply lessons learned from 
other industries and experiences to avoid 
repeating the mistakes of the past?

5.	 How can humanity squeeze as much 
environmental management and 
conservation benefit as possible out of space 
activities for people on Earth? 

These questions are each insufficient on their 
own — they need to be considered holistically 
and in context with each other. But even before 
we learn their answers, there are clear next steps 
to be taken, covering a wide range of issues. 
They include:

•	 Fighting to continue funding for NASA Earth 
Science, National Oceanic and Atmospheric 
Administration (NOAA) climate research, and 
interagency research on the climate costs 
of space activities, as well as preserving 
capabilities housed at the National Center 
for Atmospheric Research (NCAR), which 
uses satellites and other kinds of sensors to 
detect atmospheric changes 

•	 Building on the momentum of NASA 
programs that enable communities to 
productively engage with Earth systems 
information, including climate data

•	 Encouraging more partnerships between 
local and state governments, nonprofits, 
industry, and others to expand our knowledge 
of Earth systems 

•	 Taking small steps now towards novel 
research and development initiatives, 
requiring and/or incentivizing government 
missions to carry sensors taking real-world 
(in situ) climate measurements whenever 
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feasible, and extensive industry engagement 
on this topic 

SPACE TECHNOLOGY AND EARTH SCIENCE
It would be a grave mistake to think of our 
activities in space purely as an environmental 
hazard.  While sending satellites into orbit might 
potentially pose risks to the atmosphere, space-
based technologies have also become integral to 
modern conservation and climate efforts.4, 5, 6

Consider the terabytes of freely available data 
that are generated each day by publicly funded 
satellite systems. Conservation organizations, 
emergency planners, and natural resource 
managers all use this information to make 
timely decisions by pairing it with GPS data and 
sensors on the ground, as well as tools that 
harness the power of artificial intelligence.

For example, AI models trained on different 
kinds of sensor inputs can now detect illegal 
fishing, monitor agricultural resilience, assess 
drought impacts, and map fire damage with 
precision.7, 8 Platforms like Skylight and SkyTruth 
are using machine learning to analyze reams 
of satellite data each day, translating imagery 
into insights for field teams and regulators.9, 10 
These capabilities are broad in reach, from large 
institutions to nonprofits, students, journalists, 
and local governments, democratizing 
environmental intelligence.

NASA and IBM’s collaboration on geospatial 
AI foundation models is another key case in 
point. An AI foundation model means it has 
been trained on vast amounts of data that the 
AI uses to teach itself11 — in this case, that data 
is from Landsat, one of NASA’s longest-running 
Earth science missions, and the European 

Space Agency’s Sentinel. Since its release to 
the public in August 2023, the portfolio has 
grown to include specialized foundation models 
designed for atmospheric research. Surya, 
the latest, can help predict how solar activity 
affects Earth, satellite infrastructure, and space-
based technology in less time and with greater 
accuracy than previous methods. According 
to IBM, this ecosystem of models, tools, and 
benchmarks have been downloaded more than 
600,000 times.12

NASA's latest Earth Science missions are 
having huge impacts too. Take the Surface 
Water and Ocean Topography (SWOT) satellite 
NASA operates with France’s space agency, 
CNES. SWOT features advanced radar capable 
of measuring the height of nearly all the 
water on Earth’s surface — oceans, lakes, and 
rivers — every 21 days.13 A 2025 study marked 
the first application of SWOT in vegetated 
wetlands, revealing that the satellite could 
measure water levels in Florida’s Everglades 
with centimeter-level accuracy, far exceeding 
pre-launch expectations. The researchers found 
a strong correlation between SWOT and gauge 
data across over 100 wooded wetland sites, 
demonstrating that SWOT can track subtle 
seasonal water level variations across vast 
and remote wetland ecosystems.14 Since most 
wetlands aren’t as closely monitored as the 
Everglades, this mission opens the door for the 
first time for those communities to use data 
from SWOT to more effectively manage their 
wetlands and preserve fresh water access for 
years to come. 

NASA also works to ensure its data reaches 
beyond the scientific community by making it as 
easy to work with as possible — another clear 
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boon for environmental efforts. The agency 
has adopted an open science policy that hard-
wires rapid, free release of data, software, and 
publications.15 NASA also began investing 
in advanced computer science programs 
well before missions launch, often using test 
flights and airborne instruments to prototype 
algorithms and workflows.16, 17 Standards and 
policies now emphasize turning data around 
quickly — from near real time for hazards 
monitoring to within a day or two for recent 
major missions compared to traditional 30-day 
waits.18, 19 

Just as important, NASA now builds real-world 
applications into mission planning from the 
start, with programs like the Early Adopters 
initiative ensuring that federal agencies that 
manage resources or respond to disasters 
— FEMA, USGS, and USDA — are at the table 
from day one.20 And, to widen the aperture of 
uptake, NASA's Applied Remote Sensing Training 
(ARSET) program provides online and in-person 
trainings, building the capacity of professionals 
to use satellite data for decision-making in 
disaster management, agriculture, air quality, 
and other sectors.

Together, these changes mean that scientific 
discovery and real-world use are no longer 
on separate tracks when it comes to space 
missions: they are happening side by side, 
designed to make Earth observations rapidly 
relevant and practical. Now the question is how 
to expand this program to a broader audience, 
including normal, everyday Americans.

NASA is not the only home for important 
space-based research relevant to the climate. 
The NOAA and NCAR are giants in this area, 

too. Both use data from satellite systems to 
enhance humanity’s understanding of the planet 
in practical ways. NOAA examines and predicts 
weather events with help from its Geostationary 
Operational Environmental Satellite (GOES) 
series as well as its polar orbiting satellites, 
while NCAR contributes to those efforts and 
provides data on air quality.21, 22, 23 

As the cost to launch, design, and operate 
satellites has come down, the door has 
opened to unconventional partnerships in 
this arena outside the federal government. 
FireSat represents a new test case. The 
satellite initiative is led by the nonprofit Earth 
Fire Alliance in partnership with Muon Space, 
Google Research, the Gordon & Betty Moore 
Foundation, and Environmental Defense Fund. 
By 2030, the program will be able to detect 
wildfires as small as 5×5 meters and provide 
global coverage approximately every 20 
minutes.24 State agencies like CAL FIRE and the 
Texas A&M Forest Service are already signing 
up to participate in FireSat’s Early Adopter 
Program, highlighting the value these satellites 
will provide. Beyond the wildfire detection 
constellation, the Earth Fire Alliance is also 
investing in software that visualizes satellite 
orbits and sensor coverage. This will make the 
raw data provided to fire and forest agencies 
even more useful operationally, because they will 
better understand when they’ll get the next look 
at the patch of land in question, aiding in timely, 
informed decision-making.25 

The FireSat partnership came together to 
use space for emergency management and 
preparedness benefits here on Earth in a 
manner that was still only in the idea phase a 
decade ago, on an issue that touches air quality, 
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housing, and health. These partnerships are still 
new and time will tell if the model is scalable to 
other kinds of weather or climate phenomena. 
As space becomes easier and easier to access, 
it would be pragmatic to study FireSat’s 
outcomes and figure out how to incentivize 
additional partnerships of this nature.

THE UNANSWERED ENVIRONMENTAL QUESTIONS
While satellites contribute greatly to 
conservation efforts, emergency management, 
climate, agriculture, and our understanding of 
the Earth’s climate, the overall growth in space 
activity brings new environmental concerns, 
too. This is not unique to the space industry; 
many innovations, such as AI, have raised major 
ecological questions even as intense global 
competition created pressure to roll them out 
quickly. As in those other sectors, it’s vital that 
we work to understand the space industry’s 
potential ripple effects while continuing to 
advance progress.

And the time for that work is now.26 There are 
100,000 satellites expected to be in orbit by 
2030,27 and SpaceX alone has filed to launch 
one million orbital data centers into space in the 
coming years.28 At least eight other companies 
are planning their own orbital data center 
constellations.29 That will require thousands of 

launches and result in satellite reentries at a 
far higher rate. Both rocket launch and satellite 
reentry involve the release of emissions and 
particulates like black carbon, aluminum, and 
CO2, and more into the upper atmosphere. 
At this time, there are more questions than 
answers when it comes to understanding the 
effects. Scientists are still learning how space 
activities generate these particulates and 
emissions, as well as how to accurately model 
what their impact may be on the atmosphere.
Depending on the rocket fuel used, rocket 
launches emit black carbon, chlorine gas, 
water, and other emissions into the upper 
atmosphere. There has not yet been research 
on emissions generated by all popular fuels; 
there is extremely limited research on the 
impact of these emissions more generally.30 
Studies today model rocket launch climate 
impacts using estimates that are reasonable 
but aren’t based on actual observations and 
measurements from modern, real-world rocket 
launches. The dearth of good data introduces 
inherent uncertainty into these models 
despite scientists relying on the best possible 
information available. This was identified by a 
federal interagency research proposal as the 
largest research gap in this field.31
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FIGURE 1: LAUNCH STATISTICS (1957-2025)

Source: Wikipedia, Timeline of Spaceflight
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The impact of satellite reentry is not well 
understood either. Satellites are typically 
designed to largely burn up as they reenter 
the atmosphere, protecting human lives and 
property from big, high-velocity pieces of debris 
that would otherwise hurtle towards Earth’s 
surface. The alternative is to leave the hardware 
in space where it becomes orbital debris, taking 
up valuable real estate and endangering other 
space assets.32 Recent research found that 
“the population of reentering satellites in 2022 
caused a 29.5% increase of aluminum in the 
atmosphere above the natural level.” The finding 
is significant because aluminum oxide particles 
could provide a surface for ozone-depleting 
chemical reactions to occur, though there is 
uncertainty around whether and how often those 
reactions are, in fact, happening.33 This area 
urgently needs study, lest we undermine the 

substantial and successful international work 
done decades ago to protect the ozone layer, 
which absorbs most of the Sun’s UV radiation 
that is harmful to human health.34

The 2022 study referenced above only looks 
at the impact of one common material used in 
satellite production — aluminum — and develops 
a model based on knowledge from a singular 
set of real-world (in situ) observations. Thus, it 
has serious limitations. There has been nascent 
research using LIDAR to detect another particle 
— lithium — following a spacecraft reentry event, 
which is a breakthrough for a field that has 
struggled to detect particulate matter resulting 
from such events in an attributable manner, 
though to date it has only been used for one 
study.35
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This underscores the need for a deeper look. 
Astronomer Jonathan McDowell notes that “the 
amount of space debris vaporizing in Earth’s 
atmosphere has more than doubled in the past 
few years.”36

Another interesting wrinkle is the impact that 
climate change will have on human operations 
and assets in space. A recent MIT study 

found that climate change is causing the 
thermosphere — the portion of the atmosphere 
that most satellites orbit in — to contract. The 
researchers note that this could reduce the 
carrying capacity of the most crowded orbits 
by 50% to 66% by the end of the century.37 In 
other words, industry has a vested interest in 
understanding and mitigating their climate 
impacts, too. 

FIGURE 2: DIAGRAM OF THE LAYERS OF EARTH’S ATMOSPHERE

Source: NASA 
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The bottom line, says astrophysicist John 
Barentine, is that “The climate is an incredibly 
complex system, and when you rapidly perturb 
that system, you run the risk of chaos.”38 As 
we see rocket launch cadence accelerating 
alongside satellite reentries, the time is ripe 
to expand knowledge on potential impacts to 
mitigate risk.

THE CHALLENGES AHEAD
There is significant work to be done in 
maximizing the environmental benefit of space 
activities, understanding the environmental 
costs, and incentivizing partnerships between 
a diverse set of actors that can complement 
federal efforts.

Making better use of the extraordinary 
environmental data generated by many space 
missions should be one area of focus. This 
data was historically siloed within the scientific 
and aerospace communities. While the U.S. 
government has made great strides towards 
expanding access to that data, there is still room 
for improvement.  

But today the greater challenge is funding. 
The Trump administration proposed massive 
cuts to Earth science, weather, and climate-
relevant programs in its FY26 budget39 — 
meaning the data our nation has enjoyed is in 
danger of going dark. The administration also 
proposed dismantling the National Center for 
Atmospheric Research altogether. The White 
House has stated it will rehome National 
Center for Atmospheric Research capabilities it 
considers “vital,” such as weather forecasting, 
but it is challenging to see how that is possible 
given the exquisite and highly sensitive 
infrastructure at the site.40

So far, Congress has rejected these proposals. 
The final enacted appropriations language for 
fiscal year 2026 wisely restored funding for 
Earth Science, NOAA, and the National Center 
for Atmospheric Research.41 But the Office of 
Management and Budget has already made 
headlines for withholding NASA science funds 
that were appropriated.42 It’s clear sustained 
advocacy and vigilance are needed to ensure 
appropriated funds are spent by the agencies 
and avoid future attacks in the coming years.43, 

44  Inflation compounds the problem as it 
means a flat funding level buys almost 3% less 
in real terms.45  
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Flat funding comes at a time when decades 
of U.S. leadership in remote sensing and Earth 
science research is shrinking. China’s industry 
has “closed the gap with the United States … 
in most applications and sectors,” particularly 
in multispectral and hyperspectral satellite 
imaging, radar, and positioning systems 
that form the backbone of modern Earth 
observation.46 Beijing is scaling these satellite-
based capabilities into manufacturing and 
applications, such as LiDAR for autonomous 
vehicles and small-drone platforms, and is in 
position to capture emerging Earth observation 
markets. 

The Commercial Space Federation warns that 
these advances — backed by disciplined state 
investment and rapid expansion of remote 
sensing and satellite constellations — now 
“fundamentally alter the competitive and 
strategic landscape for the United States and 
its partners,” posing direct risks to American 
leadership in Earth observation and industrial 
competitiveness.47 To contextualize this, “the 
global market was valued at $452 billion in 2022 
and is projected to reach $1.44 trillion by 2030."48 
These cuts are harmful to the very innovative 
public-private partnerships the nation should be 

encouraging, as government programs directly 
and indirectly contribute to the innovation, talent, 
and success of the robust U.S. commercial 
space sector in remote sensing as well as other 
fields.

Setting budget matters aside, the U.S. has 
simply put much of its critical research related 
to the environmental impact of our activities 
in space on hold. NOAA had been leading 
the federal work, but its projects on the topic 
were frozen by the Trump administration.49 
Academics have called for remote and in-situ 
sampling, model improvement, and emissions 
inventorying, some of which NOAA was starting 
to conduct.50 An interagency working group — 
including NOAA — had collaborated on a paper 
evaluating what’s currently known about the 
environmental impacts of space and where 
key gaps exist in the world’s knowledge base. 
They found substantial gaps in knowledge 
and proposed a research program to address 
them with interagency, international, and 
industry partners.51 This research program is 
unfortunately now sitting on the shelf.

The U.S. is not the only major source of public 
investment in Earth science. The European 

TABLE 1: SELECTED EARTH SCIENCE, WEATHER AND CLIMATE-RELEVANT BUDGET LINES: FY26

ENACTED FY25
PRESIDENT’S 

BUDGET 
REQUEST FY26

HOUSE MARK-
UP FY26

SENATE MARK-
UP FY26 ENACTED FY26

NASA EARTH 
SCIENCE $2.195B $1.036B $1.325B $2.166B $2.153

NOAA $6.1825B $4.8638B $5.795B $6.141B $6.1709B

NCAR $127.66M $77M Not specified Not specified Not specified
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Union also funds research in the discipline — 
and unlike the United States, is increasing its 
spending.52 Earth observation alone comprises 
16% of the budget at ESA, which recently 
received a 30% increase for the next three 
years.53 Beyond funding, ESA is leading an 
orbital sustainability experiment with its end-
of-life management of the Cluster mission 
— comprising "targeted reentries" of four 
identical satellites — which started with Salsa 
in September 2024.54 ESA collects data on how 
spacecraft burn up under different atmospheric 
conditions. 2027’s Draco mission is a dedicated 
satellite designed to be destroyed, where it will 
record and transmit live data from the inside of 
a fiery reentry before its own demise. This will be 
helpful as the world seeks additional insights on 
what happens during reentry. But it will not make 
up for the U.S. abdicating its leadership on the 
issue.

RECOMMENDATIONS
Where do we go from here? Minimizing the 
environmental costs of our space activities and 
maximizing the benefits will require answering 
major, unresolved scientific questions. But in the 
meantime, there is a clear path forward. 

Recommendation: Sustain Funding for  
NASA, NOAA, and NCAR Research on  
Space’s Environmental Impact
Congress successfully rejected the 
administration’s disastrous cuts to NASA, NOAA, 
and NCAR, but that doesn’t mean the fight is 
over. There’s no guarantee that the agencies 
will spend their appropriated funding — they 
certainly haven’t to date — and inflation means 
static funding amounts to a budget reduction. 
NASA Earth science, NOAA, and NCAR funding 
should be increased, given its significance to 
our understanding of the climate and weather 

patterns, disaster relief, and industries across 
the globe, like agriculture and insurance. 
Congress should also reject the administration’s 
proposal to disband NCAR, given that it is home 
to vital climate modeling, weather forecasting, 
and observation platforms. 

Research funding for a multi-agency effort 
involving NASA, NOAA, NCAR, universities, and 
the private sector focused on understanding the 
environmental costs of space activities is vital 
too. The knowledge gaps pertaining to space’s 
environmental impact are well-known, and there 
were early-stage interagency efforts to develop 
a research program to scientifically quantify 
those effects. What’s lacking is political will and 
funding. 

Recommendation:  
Keep Open Science and Innovation 
Federal agencies should continue investing in 
the translation of publicly funded geospatial 
data into free and accessible formats for 
practitioners and non-technical audiences. 
Examples of this trajectory already exist. The 
U.S. Drought Monitor integrates NASA satellite 
data — such as GRACE groundwater and soil 
moisture measurements and evapotranspiration 
indices derived from remote sensing — and 
is used by the U.S. Department of Agriculture 
and state agencies to inform drought relief 
and water management programs.55, 56 NASA’s 
Disaster Response Coordination System has 
also applied SAR flood maps during events like 
Hurricane Helene in 2024, when Sentinel-1 radar 
data allowed FEMA and state partners to assess 
flooding despite heavy cloud cover.57 These 
cases illustrate how satellite data, once limited 
to specialists, are increasingly embedded in 
operational decision-making. The ultimate goal 
should be to produce tools and trainings that 
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are relevant and easy to use at the individual 
level through the ARSET program or other 
mechanisms.

Recommendation:  
FireSat as a Model to Test and Learn From
FireSat should be treated as a test case. By 
studying its structure, governance, data delivery, 
and adoption pathways, NASA and its public 
and private sector partners can learn how to 
combine technical innovation with usability. 
This approach could be adapted to other 
hazard domains. In a time of fiscal constraints, 
engaging nonprofit and other funding sources to 
provide additional complementary Earth science 
data is extremely productive.

Recommendation: Path Forward on  
Responses to Space’s Environmental Impact
Once there is a clear scientific record on the 
environmental costs of space activities, the 
nation should fund research and development 
efforts to create innovative, efficient materials 
and fuels that work for space activities, as 
well as incentives for industry to transition to 
them. The cost-sharing model used by NASA’s 
aeronautics projects is likely a starting point for 
how to engage in this kind of R&D, both given the 
clear benefits for public and private actors and 
given the need for any alternative to be usable 
by industry. There is already some exciting 
international R&D happening in this space, such 
as in Japan with the experimental all-wood 
satellite, LignoSat, that launched late last year.58

There are also actions that agencies sponsoring 
space activities, like NOAA, the Department of 
Defense, NASA, and others, can take to help 
gather data now, such as testing the feasibility 

of government missions carrying sensors taking 
real-world (in situ) climate measurements and 
incentivizing or requiring it when it is possible. 
Given the dearth of in situ observations, 
collecting this data should be a top priority.

This kind of data is an essential piece to an 
informed conversation about the path forward. 
An integrated approach also takes into account 
industry actions as new credible information 
comes to light.  For example, industry has 
been interested in and actively moving towards 
cleaner fuels like methalox. There are a variety 
of reasons for this, including the environmental 
footprint of the fuel.59 In addition, there are 
positive instances of industry making changes 
to materials when they present a threat to 
humans. The most recent example is SpaceX’s 
modifications to some of its components to 
ensure their spacecraft fully burns up upon 
reentry.60 This underscores the need for time 
to allow for iteration, learning, and engagement 
with industry ahead of any attempts to solve 
problems with new regulation.

CONCLUSION
As the environmental footprint of activities in 
space expands, U.S. policymakers must find 
ways to reduce risks without impairing the 
competitiveness of America’s dynamic space 
economy. The next steps towards that goal 
aren’t rocket science, though in a political 
climate that undermines the importance of 
pushing scientific frontiers to improve the lives 
of Americans, they certainly seem challenging. 
Congress must engage with this topic to ensure 
the appropriate balance between environmental 
concerns and economic competitiveness is 
struck in an evidence-based manner.
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