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Space Debris Reentry: Inadvertent Geoengineering? 

 

 The potential atmospheric effects of satellite hardware reentering from low Earth orbit 

(LEO) megaconstellations have been largely unstudied to date. While researchers have raised 

concerns about the potential for megaconstellations to pollute LEO, they have largely accepted 

deorbiting of dead satellites without considering the potential atmospheric pollution from routine 

burning of various carbon compounds and aerosolization of metal components. With the 

multitude of uncertainties around debris composition and reentry rates, atmospheric structure and 

dynamics, and the interactions between debris and the atmosphere, it is not an easy task to 

determine whether this issue is worth worrying about at all. In light of that uncertainty, this paper 

will not be able to make any determinations about the probability of harm from current or 

planned constellations. Instead, it will strive to lay out the basic facts as currently available, 

briefly analyze some likely interactions between debris and the atmosphere, identify the different 

types of uncertainty at play and the policy techniques available to address them, and provide a 

range of potential policy responses to mitigate harm to life on Earth.  

  

Technical Background 

Debris Quantity and Materials 

 Until the advent of the small satellite and corresponding affordable launch capabilities, 

the concept of thousands of satellites per constellation was unrealistic. Thus, spacecraft were 

built to be longer-lasting and were generally located in somewhat higher orbits within LEO. In 

these higher orbits, satellites have 

longer operational periods before 

orbit degradation, so 

replenishment is less frequent. 

Conversely, new 

megaconstellations tend to use 

lower orbits that rely on more 

frequent replenishment (See 

Figure 1, specifically the increase 

in object density in the 400-600km 

range for the turquoise and purple 

lines representing 2019 and 2020, 

respectively).i This reduces 

crowding in LEO as debris will 

more rapidly deorbit, but it 

increases the mass put into the 

atmosphere.  

 For the past two decades, the mass entering the atmosphere from deorbit has stayed in the 

low hundreds of metric tons per year. With the currently predicted upcoming satellite 

megaconstellations, this could at worst increase up to almost half a kiloton.ii There are about 

19,700 metric tons of meteor mass entering the Earth’s atmosphere each year, so by mass alone 

the additional satellite materials could represent up to a 20-40% increase in reentry material.iii 

Taking into account that the distribution of materials in spacecraft hardware differ greatly from 

Figure 1. Density of Human-made Objects by Altitude. From 

Pardini and Anselmo (2021), Figure 3. 

2019 2020 
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the content of meteoroids, this additional mass could become more significant. For example, if 

Starlink rates reach 2 tons of aluminum reentering per day,iv it would be four times that of 

aluminum from meteoroid infall. Thus, effects to the atmosphere from spacecraft debris cannot 

necessarily be based off current meteoric deposition. Additionally, reentry trajectory analysis 

suggests that spacecraft materials will deposit more material into the atmosphere per mass 

deorbited than would natural meteoric infall, making the climate impact potentially greater.v  

 Spacecraft contain a host of different materials which could have varied effects on the 

atmosphere: 

• Aluminum: Commonly used for structural elements and radiation/impact shielding. It 

accounts for a large percent of the total mass for structures in which it is used.vi 

• Carbon Composites: Either carbon fibers or woven fabric are combined with an epoxy to 

generate a rigid material which can be used for structural elements in combination with, 

or replacing, aluminum. Carbon fibers are also used in the construction of propellant 

tanks. 

• Titanium: Useful for propellant tanks and engine components due to its high strength-to-

weight ratio.vii Its thermal resistance and stability also make it useful for optical 

instruments, where it can thermally isolate cold detectors, and for casings and other 

supporting structures.viii  

• Steel: A combination of iron and carbon, it is the most commonc material for fasteners 

(screws) and reaction wheels.ix 

• Ceramics: Used in solar cells and thermal protection, can be a combination of silicon and 

other materials.x  

• Copper: Most commonly used in wiring. 

This paper will focus specifically on aluminum and carbon composites. As these materials are 

commonly used for structural purposes, they tend to make up a significant fraction of the total 

satellite. Aluminum currently accounts for about 40% of satellite and 80% of rocket body mass.xi 

The current fraction of carbon composites is lower, in part due to their lighter weight, but they 

are still considered important since there is increasing interest in and use of carbon composites 

for spacecraft structures.xii  

  

Atmospheric Effects of Aluminum 

 Spacecraft reentry creates aerosols, a component of the climate system which is not well 

understood. When a satellite begins its descent, the friction from travelling through the 

atmosphere at high speeds causes intense heat. This heat begins to burn up the spacecraft, 

producing compounds that are a mix of the spacecraft elements and atmospheric materials. In the 

case of aluminum spacecraft components, burning will likely produce aluminum oxide 

aerosols.xiii These aerosols are very small amounts of material that once free from the spacecraft 

may disperse into the atmosphere, where they can begin to interact as part of climate systems. 

Aerosols are deposited all along the spacecraft’s path, but generally will end up between 100 to 

40 kilometers from the ground.xiv This spans the thermosphere, mesosphere, and stratosphere, 

layers in which their presence will cause differing amounts of concern. Aerosols are the greatest 

source of uncertainty in climate modeling, so understanding how aluminum aerosols would 

affect the climate is not straightforward.xv Generally, there is “high confidence that aerosols have 

offset a substantial portion of [greenhouse gas] forcing.”xvi Yet, aerosols themselves can act as a 

nucleation point for destructive climate elements, complicating the picture.  
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 Aluminum particles by themselves act as a shield from sunlight while suspended in the 

atmosphere, reflecting shortwave radiation from the sun back out into space. This reduces the 

overall amount of sunlight that reaches the surface, presumably creating a cooling effect. Yet, the 

aerosols also absorb some of the longwave radiation that comes up from the Earth and would 

otherwise have gone out into space, heating the stratosphere. xvii By scattering light in multiple 

directions, aluminum aerosols could alter the balance of diffuse to direct sunlight, which can 

negatively impact plant function and ecosystem health.xviii The sun-blocking capability has led to 

consideration of aluminum oxide injection in the upper atmosphere as a potential geoengineering 

technique in academic studies. On net, large releases of aluminum oxide would likely decrease 

the total radiation entering the atmosphere, but there is a potential for ozone degradation which 

cannot be overlooked.xix  

 Aluminum particles suspended in the stratosphere can provide a surface upon which 

ozone-depleting reactions may take place. One example of this mechanism can be seen in Figure 

2, which details the reaction steps of chlorine nitrate as facilitated by aluminum. Once chlorine 

radicals are produced, they can drive the destruction of many molecules of ozone since they are 

not exhausted by the process. Thus, a small amount can cause outsized damage. Similar reactions 

occur with bromine compounds and other materials for which aluminum can provide a small 

activation energy. Because these reactions rely on surface contact with aluminum, the size of the 

particulates greatly effects the rate of reaction. The smaller the aerosols are, the greater their 

surface-to-volume ratio, which increases their ability to host reactions with the same amount of 

metal. This size distribution is not well understood, nor is the chlorine activation rate constant.xx   

 

Along with its chlorine-freeing reaction, aluminum provides a surface to which sulfate 

can adhere and spread out, increasing sulfate surface area and its damage to the ozone layer.xxi 

Sulfates are naturally occurring in the atmosphere and can contribute to ozone depletion. When 

aluminum aerosols are introduced to the atmosphere, sulfates form a thin coating across the 

surface of the aluminum particle. In spreading out the sulfates, aluminum increases the rate of 

ozone depletion by giving it a better surface-to-volume ratio.xxii Sulfate scattering properties are 

different from those of aluminum and produce greater diffuse radiation at the surface than 

aluminum would alone.xxiii This is dependent on the size of the aluminum particulates, as that 

changes the surface area spreading of the sulfate. It is not clear how aluminum, whether in 

beams, sheets, honeycomb composites, or other forms would aerosolize from spacecraft reentry. 

This is critical information to determine the scattering properties of the aerosols and the surfaces 

created for sulfate-dependent reactions. Yet, at any size, the chlorine- and sulfate-driven damage 

to the ozone has the potential to undo some of the expected gains from aerosol blocking of 

sunlight.  

 

Figure 2. Simplified representation of the process from satellite reentry to ozone depletion 
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Effects of Black Carbon on the Atmosphere 

The reentry of carbon composite materials creates aerosols and gases with potentially 

strong atmospheric effects. When a carbon fiber structure reenters the atmosphere, the epoxy 

holding the carbon fibers together burns away and increases the combustion. The carbon fibers 

themselves often will not burn completely, leaving behind carbon fiber particulates and black 

carbon, more commonly known as soot.xxiv In Earth-based burns, particulates tend to be between 

0.3 and 3µm in size, xxv which is small enough to remain suspended in the atmosphere for 

extended periods. Carbon composite burning also creates carbon dioxide, well known to be a 

greenhouse gas. There are likely a host of other volatile organic compounds released as well, 

although these are not fully characterized. xxvi  

Black carbon is known to be a strong absorber in the atmosphere, but its effects on 

surface warming are highly altitude-dependent and poorly quantified.xxvii Unlike the aluminum 

aerosols which reflect light, black carbon absorbs radiation. This prevents some incoming 

radiation from hitting the ground, but also heats up the surrounding atmosphere as the energy 

from the absorbed light disperses. The additional heat causes changes in cloud formation, which 

then can change the extent to which radiation coming up from the Earth is trapped in the 

atmosphere. Thus, the role that aerosols play involves a chain of dependent climate forces which 

can be hard to disentangle. Generally, black carbon tends to increase the amount of shortwave 

radiation trapped in the Earth system. The shortwave-trapping effect increases with altitude 

because it can capture radiation that has been reflected off clouds below as well as directly 

absorb radiation from sunlight above.xxviii Longwave radiation is affected inversely to shortwave; 

black carbon decreases the longwave energy trapped, with the greatest decrease occurring at the 

top of the atmosphere. Like with shortwave, this is driven by changes in local temperature which 

lead to a host of other changes in water vapor and clouds.xxix 

Up in the higher parts of the atmosphere where spacecraft materials will likely end up, 

black carbon works as a cooling material for the Earth’s surface. Although shortwave radiation 

will warm the surrounding air, most of the heat dissipates back into space. Additionally, the 

warmer air tends to reduce cloud cover, allowing longwave radiation from the Earth to escape 

and together producing a cooling effect on the ground.xxx If reentering carbon composite 

materials remain up at those high altitudes, they could contribute to the reduction of surface 

temperatures. Yet, if they aerosolize in the troposphere or fall downward over time, they could 

increase surface temperatures. Thus, where the materials are deposited and the particle size to 

which they are reduced will drive the potential damage these particulates might cause.  

The location of spacecraft aerosols in the upper atmosphere may further elevate concerns 

regarding their presence. Adding aluminum at high altitudes could kickstart sulfate chemistry in 

a region where it is currently not as active in depleting ozone.xxxi More broadly, the presence of 

these materials so high up can create longer-lived effects. Aerosols generated closer to the 

Earth’s surface are more likely to be mixed and distributed, potentially bringing them out of the 

atmosphere. Mixing rates lower with increased altitude, so materials that burn off early are likely 

to remain concentrated, which can increase reactions between the aerosols and their 

surroundings. These pockets may be challenging to model at the global level even with their 

increasingly common occurrence, making it more likely that system-level effects will not be 

captured. Because of the orbits commonly used for LEO constellations, debris will particularly 

come in around 50º North and South, concentrating materials even further in rings around the 

planet.xxxii While reentry profiles have been studied in some depth for non-ablative systems like 

the Shuttle, there is little to draw from for spacecraft burn-up. Further research into aerosol size 
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and distribution from reentry is necessary to get any vaguely approximate picture of these 

materials’ effects. 

 

Policy Considerations 

 The uncertainty surrounding the potential climate effects of reentering materials makes it 

challenging to determine whether any action is necessary now or in the future. Since some of the 

effects may counteract other anthropogenic climate forcings, the consequences of satellite 

reentry could even be seen in a positive light as a geoengineering tool, even if an uncontrolled 

experimental one. Writing off any sort of control over material reentry for future major 

constellations may well be scientifically and politically viable if it is determined that the 

potential ozone damage is less of a concern than the total energy entering the atmosphere. For 

now, with little evidence and advocacy around this issue, it seems highly probable that most 

governments will remain in a “wait and see” pattern until greater effects are seen or any concerns 

have been resolved. Yet, there is no way to predict at what point this will change, and no good 

way to determine when policymakers need to start paying attention to this issue. In the face of so 

many open questions and levels of risk, this section will seek to categorize the uncertainties at 

play, review different approaches to uncertainty that could be applicable, and suggest some 

broad directions that future policy could take.  

 

Tools for Decision-making with Uncertainty  

 Uncertainty in determining the best path stems from many different sources: technical, 

economic, and political. Walker et al. developed a framework to organize uncertainty which will 

be used here to classify some of the main issues at hand (See Table 1).xxxiii The framework is 

useful to understand the “known unknowns,” for which we may not have answers but can see as 

potential problems. The complex relationship between spacecraft aerosols and the climate system 

represents the greatest known unknown currently. This is due to a combination of insufficient 

data, cognitive biases, and modelling limitations.xxxiv The “unknown unknowns” have not been 

classified for obvious reasons, but one can imagine that broad research into areas identified by 

the known unknowns may help elucidate these.  

  Level Nature 

Location Topic 

Statistical 

uncertainty 

Scenario 

Uncertainty 

Recognized 

ignorance 

Epistemic 

Uncertainty 

Variability 

uncertainty 

Context 

Business interest in large LEO 

constellations 
  x     x 

Public interest in preventing 

atmospheric change 
  x    x  

Policies in place regulating LEO 

spacecraft deorbiting 
  x     x 

Changes to the atmosphere that 

will occur between now and when 

major constellation reentry begins 

  x   x x 

Model 

Global Climate Model accuracy x   x x 

Chemical species generated by 

burnup 
  x x  
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Size of particulates  x  x x 

Distribution of particulates   x x x 

All aerosol reactions with ozone   x x x 

Aerosol mixing in the upper 

atmosphere 
 x  x x 

Inputs 

Infall rates   x     x 

Infall material combinations and 

assembly 
  x   x   

Available mitigation strategies    x x   

Altitude of satellite burnup x   x x 

Altitude of aerosol final deposition  x  x x 

Spacecraft reentry trajectories x    x x 

Table 1. Uncertainty matrix characterizing major unknowns in the reentry of satellites and their interaction 

with the atmosphere. An adaptation of the uncertainty matrix developed by Walker et al. (2003), this table 

categorizes uncertainties by location, level, and nature. The location is the point in the modelling process (here taken 

to be general assessment rather than computer modelling per se) at which the uncertainty becomes important. The 

level estimates the extent of knowledge about the uncertainty. Finally, the nature is determined based on whether it 

is possible to gain more knowledge about the issue and decrease uncertainty or if instead variability is the main 

contributing factor.  

 

Several paths are available to step beyond the identification of uncertainty toward 

evaluation of its impacts via risk analysis. At the highest level, experts may assess the 

uncertainties and compare them with problems they have previously faced, giving “best guess” 

answers to resolve any questions. This can be useful to discount risks, determine point estimates 

for use in follow-on analyses, and generally boil down the topics that must be addressed. Yet, 

expert assessments can lose some of the nuance inherent in ranges, giving false confidence in 

their determinations, and fail to fully document the decision-making process, which might be 

useful for understanding the result.xxxv This method also relies on recruiting the right experts 

with relevant experience who can apply that experience in potentially novel ways. Thus, while 

simplifying and often effective, expert assessment is not necessarily a robust method. Secondly, 

sensitivity analyses can be used to determine the extent that a parameter effects the outcome of 

an event. This can be done numerically or by evaluating scenarios, although it requires somewhat 

more bounding on the problem than expert assessment. This can be a valuable tool to find the 

main sources of variability in an outcome but doesn’t account for the likelihood of an occurrence 

and can be unwieldly with many parameters and their interactions.xxxvi Finally, models of a 

system can be used to build probability distributions. This is the most robust method 

mathematically to handle uncertainty and can be used even with many parameters. Running 

repeated simulations can determine the likelihood of a certain outcome, help disentangle 

variability from uncertainty, and offer insight into the potential responses from a system.xxxvii 

Unfortunately, this mechanism relies on quantifiable risks, which means that the uncertainties 

must be translated into numbers or otherwise constrained by numerical means.   

 

Policy Approaches for Decision-making with Uncertainty  

 Once the science and modelling has been done and the results are passed to the 

policymaker, several different principles may be applied to determine how to proceed, ranging 

from risk-conservative approaches to risk-friendly policies.  
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 The precautionary principle is a classic tool of environmental policy which seeks to act in 

the face of uncertainty to prevent potential damage. As agreed in the 1992 Rio Declaration on 

Environment and Development, “where there are threats of serious or irreversible damage, lack 

of full scientific certainty shall not be used as a reason for postponing cost-effective measures to 

prevent environmental degradation.”xxxviii Taking an early stance to prevent harm is useful to 

ensure that damage is not done and that there is enough time for proper oversight of potentially 

harmful activities. This principle was successfully employed early in the CFC-ozone hole crisis 

in the United States, with the 1977 U.S. Clean Air Act citing “no conclusive proof, but a 

reasonable expectation” as grounds to act upon ozone degradation concerns.xxxix Since then, the 

principle has generally been a favorite in Europe, where it has been expanded to justify 

prioritizing health and life over economic gains when uncertainty is present.xl Yet, in some 

situations it may be unnecessary to act before a full scientific consensus is built, and early 

intervention may lead to wasted resources and reduced benefits that could have come from an 

activity. American policymakers seem to have decided that it is too stifling to industry to take 

measures that could forestall progress unnecessarily. Thus, the precautionary principle has not 

factored greatly in recent U.S. policymaking, in space or other areas. 

 The proportionality principle and risk-based decision-making (RBDM) both weigh the 

benefits of an action with its potential harm to reduce uncertainty by reducing risk. The 

proportionality principle stems traditionally from law around the rights of a citizen with respect 

to government interventions. It involves justification of the action through measures of 

effectiveness (action is in the public interest), necessity (no other option increases citizen rights 

for the same outcome), and balance (doesn’t overly curtail citizens’ rights for its level of 

importance).xli It has been adapted for natural resource use to examine whether a human activity 

has enough societal benefit to be worth the effects it will have on the environment.xlii This 

approach is slightly riskier than the precautionary principle in terms of environmental protection, 

as it will suggest inaction in cases where the cost to prevent hazards is disproportionate to the 

likely benefits.xliii The precautionary principle as formulated in the Rio Declaration does state 

that cost should be weighed, but does not consider any other factors which might dissuade 

policymakers from action. 

The interest- and rights-based approach of the proportionality principle looks to achieve 

similar results to RBDM, an engineering approach that identifies and quantifies potential risks 

and benefits of a set of possible actions. To do so, it uses estimates of likelihood and the severity 

of potential harm from each action to mathematically determine the least risky option.xliv While 

centered around risk, it often incorporates other factors such as stakeholder willingness to accept 

risk and cost tradeoffs, which can present a better picture of the whole situation.xlv Yet, by 

forcing the quantification of certain inherently non-numeric factors to represent the full range of 

real-world considerations, it can oversimplify and lose applicability.xlvi Also, it may be 

challenging to meaningfully document epistemic uncertainty in the analysis process. In one 

review of the literature, only about half of publications using RBDM significantly discussed how 

uncertainty measurements factored into the decision-making process.xlvii This hampers useability 

of the results by removing critical context around the outcome. Both RBDM and the 

proportionality principle are challenging to apply to environmental issues where so many of the 

costs and benefits are uncertain.xlviii 

While not a “principle” per se, a very common approach to dealing with uncertainty is 

simply to wait until the uncertain becomes clearer or effects of the uncertainty are seen. Many 

aspects of the climate crisis are dealt with in this way by addressing issues as they become a 
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present danger rather than assessing approaches beforehand. This approach eliminates the risk of 

investing in a course of action that turns out to have been unnecessary. Yet, waiting for an 

outcome, be it good or bad, may create schedule pressure when the issue is finally addressed. 

Schedule pressure will likely result in increased costs and may limit the range of potential 

options available to mitigate the issue. Thus, waiting until uncertainty resolves itself is generally 

not a robust approach. Yet, it may be politically or economically favored to allow current 

systems to profit those with power even at potential future cost. On this point, Joe Farman, co-

author on the discovery of the Antarctic ozone hole, remarked, “Neither governments nor 

multinational companies have a mandate for global experiments, even when such experiments 

consist of ‘business as usual.’”xlix 

  

Policy Approaches to Address Effects of Satellite Reentry 

 While it may not currently be necessary to change patterns of behavior in space to 

forestall any potential damage, a range of policy options are available which could be 

implemented now or in the future as reentry rates increase. The range of options from fairly low-

impact to substantial interventions in commercial activity reflects the early stage at which this 

issue is considered.  

 Cries of “More Research!” can often be heard when policymakers don’t want to act on an 

issue, but this classic non-solution is actually fairly useful for the issue at hand. With many 

fundamental pieces of knowledge unknown and yet knowable, building up a better understanding 

of the potential inputs into the atmosphere and their interaction within current global climate 

models would provide a much more solid foundation upon which future policy could be built. 

Interaction mechanisms are a particularly important piece, as those can elucidate cases in which 

trace amounts of a substance can cause outsized damage, as was the case with CFCs.l While 

general advances in studying aerosols’ role in climate cycles is likely to continue, the 

combination of molecules that will be found in close proximity on a burning spacecraft are 

unique, and other research is unlikely to contribute greatly to their characterization.  

 Once certain fundamental details are established about reentry rates, materials, effects, 

etc., an analysis of alternatives (AoA) would be a useful step to determine whether any disposal 

mechanisms beside total reentry burning are feasible with current or near-current technology. 

AoA is a valuable systems engineering tool to systematically understand the tradespace within 

which a problem rests and to determine the best potential strategies to proceed. It cannot 

necessarily reduce all options down to one but can provide similarly optimal alternatives which 

emphasize different attributes (e.g., maximizing for cost vs performance). This will guide efforts 

toward either policies to address the debris reentry itself or mitigation of atmospheric effects. 

Choosing between addressing the cause and mitigating the effects will require a greater 

understanding of the effects which we would seek to mitigate. Thus, AoA is likely best 

employed later in the process when more knowledge of the atmospheric effects is available.  

 The above research and high-level development of a strategic approach to minimizing 

harmful atmospheric events could be coordinated through United Nations bodies which are 

already organized to address climate change. The UN Environment Assembly could coordinate 

international scientific efforts and act as a forum to raise awareness of this issue. Regarding the 

ozone layer, the Meeting of the Parties (MOP) to the Montreal Protocol could evaluate the 

potential for ozone depletion from aluminum, black carbon, and other spacecraft aerosols. The 

Vienna Convention and Montreal Protocol are landmark treaties that coordinated efforts to 

protect the ozone layer by phasing out ozone-harming chemicals.li Thus, any potential harm to 
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the progress that the treaties have made would be of importance for consideration by the 

Montreal MOP for both scientific and legal reasons. The Science and Environmental Effects 

Assessment Panels within that organization have multi-decadal experience with these types of 

potential threats and so could develop the resources necessary to make better-informed decisions.  

 If the potential for damage must be addressed, changes could be made to the quantity and 

type of materials reentering the atmosphere. Decreasing the total mass of reentering debris could 

be carried out by penalizing constellation architectures which rapidly replace satellites, requiring 

retirement via other means than reentry burn-up (boosting to graveyard orbits or falling to Earth 

intact), or encouraging in-space reuse of satellites or satellite materials. These options require a 

mix of technical investment and economic policy, and some will be much more feasible than 

others. Alternately, the materials used on LEO constellations (and perhaps all LEO spacecraft) 

could be amended to reduce their potential atmospheric effects. Incentives could be used to 

promote materials with lower climate forcing, if such materials exist and can be made within a 

reasonable price point. This may not be currently technically or economically feasible, but if 

debris reentry becomes a bigger problem there may be ways to innovate toward a materials-

based solution.  

 If changes to the proposed constellation usage of LEO is seen to be too burdensome on 

spacecraft operators, an alternate approach could seek to mitigate the effects of the materials at 

future predicted deposition rates. While experimenting with the atmosphere can be a dangerous 

game, there might be ways to actively counter the additional aerosols, perhaps with the injection 

of complementary aerosols which can promote their neutralization or removal. The main 

challenges to such a solution include our incomplete understanding of atmospheric processes and 

the side effects of any actions we might take. Such a risky action will likely not be in 

consideration unless the perceived harm from satellite reentry increases significantly.   

 

Conclusion 

 The paucity of data available to quantify the effects of debris reentry make it challenging 

to establish whether there is any current or future danger of significant atmospheric damage. Yet, 

the technical basis upon which estimates of harm rest does suggest there may be cause for 

concern as reentry rates increase. Aluminum and black carbon aerosolized in the stratosphere 

could create cooling effects at the surface but could also contribute to the destruction of the 

ozone layer. With the current levels of uncertainty across the board, investing in focused research 

on the interaction of spacecraft-based aerosols with the atmosphere is the most logical first step. 

This can inform next steps, such as reducing the mass entering the atmosphere, changing the 

materials used, or mitigating post-aerosolization. While we do not know whether these actions 

will become necessary in the next decade, next century, or ever, taking steps now to assess the 

situation in more detail and develop a proactive plan will likely benefit policymakers, citizens, 

and the environment.  
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