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Many of the proposed and foreseeable activities on the Moon, Mars, and elsewhere in our solar system
will require construction and similar actions. Most will, by intent, alter those natural environments in a
variety of ways. Some imipacts may foreclose tuture options for use of the area, hinder sustained access to
resources, impede long-term human occupation, interfere with scientific or other purposes, harm cal-
tural assets, create unsafe conditions, or cause other detriments. A long-proven method for reducing
adverse effects here on Earth has been to assess the proposed actions in a structured manner during the
planning process, to identify adverse impacts, and to seek opportunities to avoid, minimize, and mitigate
harm. However, such a process is currently not required for space actions and has been largely ignored by
space industries, academic and scientific organizations, and governments. In addition to advocating the
need for an appropriate assessment and review process, this article proposes a simple framework as a
stasting point for discussion. While it draws upon environmental assessment procedures developed in
the US under the National Environmental Policy Act (NEPA), it does not recommend that NEPA be applied
to extraterrestrial actions. in fact, NEPA may be counterproductive. Rather, it suggests that space in-
dustries and other space actors themselves should consider developing and using an appropriately
structured assessment process.

Moon Agreetment

© 2020 Elsevier Ltd. All rights reserved.

1. A rapidly evolving problem in space development

Nearly all reasonably foreseeable physical activities o1 the
Moon, Mars, and elsewhere, such as construction, mining, energy
production, and human habitation, may adversely affect those
extraterrestrial environments [1]. Just as proven here on Earth,
adverse environmental impacts have the potential to increase long-
range costs, reduce efficiencies and resource sustainability, fore-
close options for future use, impede scientific research opportu-
nities, negatively affect commercial activities, decrease human
health and safety, and lead to other undesirable outcomes. When
an action's environmental impacts are not identified in the plan-
ning process, it is less likely adverse impacts will be avoided,
reduced, or mitigated, thus compounding the aforementioned
detriments {2,3]. There should be 5o expectation that such out-
comes will be different as our actions move to locations beyond
Earth [4,51. We build roads here, and we will build reads there. We
construct launch facilities here, and we will construct them there.
Examptles of such parallel construction actions are nearly endless.
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But alterations to alien landscapes could have longer-fasting im-
plications than anthropogenic changes on Earth. In fact, they might
tend to be permanent compared with those on Earth, where tec-
tonic movements and the effects of water, ice flow, vegetation, and
other life generally act to make landscapes resilient [6].

Concern for the space environment has generally been confined
to objects in low Earth orbit (LEO) but that has recently begun to
change in response to increased awareness of the potential fragility
of extraterrestrial environments. A smali number of articles have
called attention to potential adverse environmental impacts to the
Moon and Mars and some have cited the need for remedies [7,8]. As
stated by Newman and Williamson {7} in 2018, “The lack of prog-
ress over embedding a sustainable and legally binding framework
for the exploitation of bodies within the solar system could prove
extremely damaging for future generations”, Yet few, if any, among
the space industries recognize the range of environmental imipacts
that their actions beyond LEO will generate [9,10]. As stated in 2013,
“currently there are no widely accepted agreements about com-
mercial exploitation or use of resources on the Moon, Mars, aster-
oids, or other celestial bodies, and no environmental management
framework” [11]. Other than regarding orbital debris and forward
and backward contamination, there has been little substantive
progress toward those ends since that publication. The body of
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literature discussing the foreseeable problem remains small, and
the issue is largely unacknowledged.? But government, cornmercial,
and private space actors are obviously aware of the dozens of
journals, hundreds of books, and likely tens of thousands of articles
regarding the need for, the management and practice of, and the
efficacy of environmental assessment applied to actions globally
over the past half century. This would be especially true given that
many space ventures proposing to develop the Moon and Mars
grew from enterprises mining and constructing on Earth, where
environmental assessment is often required. Their general failure to
acknowledge the reality of their potential impacts on extraterres-
trial environments is puzzling. Then again, perhaps, they are fully

aware of these adverse potentials and are hoping the issue remains -

unrecognized by regulators and the public. Regardless, “It is an
appropriate time to ... think proactively about stewardship of the
environments and resources beyond Earth orbit” {11]. While space
actors’ plans to actively exploit lunar and Martian resources have
mncreased in number and scope, the issue of extraterrestrial im pacts
remains mostly unrecognized or unaddressed.

2. The neglected need for extraterrestrial environmental
assessment

Regardless of space industries, government agencies, and other
space actors, such. as scientific missions, not recognizing (or
choosing not to acknowledge) the critical need for extraterrestrial
environmental assessments (EEAs), once proposed actions on ce-
lestial bodies are underway, it is predictable that interest groups
and perhaps goveraments will demand them. Consider the sce-
nario of a commercial surface mine on the Moon or Mars. Com-
petitors (e.g., another commercial mining interest that seeks to

" exploit the same area) may claim that resources are being squan-
dered by the rival corporation. Just as with resource extraction on
Earth, there will be an economic incentive of those “first in time”
ventures to target resources that are the least expensive to mine
and process (the “lowest hanging fruit”), although the locations or
techniques may not be the most efficient for sustaining that
resource. For example, ensuring sustained access to water is criti-
cally important, and actions that might waste the resource or not
put it to its highest and best use will need some form of oversight or
review [12].

Other unrelated uses of the landscape may also be adversely
affected by the mining. Rocks ejected by blasting could damage
neatby infrastructure, and vibrations could invalidate data
collected by distant seismic studies, and the dust created could coat
solar panels or interfere with telescopes or other scientific equip-
ment, erode gaskets and similar materials, or decrease filters’
effectiveness [13]. Alt would reduce efficiencies and increase costs.
Lubricants and other compounds could leak from vehicles, ma-
chinery, and other equipment and seep into subsurface areas of
water ice or other resources, decreasing their usefulness and value.

Undocumented prospecting or similar activities that disturb the
fratural topography may confound future researchers. Could one
determine if a particular cot through a rock was made by humans,
or is it part of a geologic feature or evidence of some other un-
known action? Disturbing the lunar or Martian landscape could

gium's Law on the Activities of Launching, Flight Operation, or Guidance of
Space Objects is an exception that anticipates the need for consideratinn of
extraterrestrial impacts (Kingdom of Belgium, Law of 17 September 2005 on the
activities of launching, flight operations, or guidance of space objects). It requires
that an environmental impact assessment be submitted before a launch sanctioned
by Belgium, assessing the effects of the action on both the Earth and any affected
celestial body. hutp:ffwww.belspo.befbelspofspaceidocibelawfiot_enpdf Accessed
April 2014,

potentially alter or destroy geologic features of scientific value and
cultural artifacts {14 Citing the history of usefulness of geo-
conservation here on Earth, such as the protection and preservation
of geological features of special scientific, functional, historic, cul-
tural, esthetic, and ecological value, the need for application to
extraterrestrial geologies has been termed “exogeoconservation.”
Suggested in 2018, exogeoconservation was deemed “acutely
necessary for the scientific exploration and responsible steward-
ship of celestial bodies” [15].

The 1967 Outer Space Treaty® stipulates that the “exploratnon
and use of outer space should be carried on for the benefit of all
peoples irrespective of the degree of their economic or scientific
development” and that the “exploration and use of outer space ...
shall be the province of all mankind” {Article 1). A claim that re-
sources are the "common heritage of all mankind” is expressed in
Article 11 of the 1979 Moon Agreement.* “Province of all mankind”
in the OQuter Space Treaty refers to activities such as exploration and
use, while the Moon Agreement's “common heritage” provision
refers to material objects, such as ores and other physical resources
{16]. An important political and social consideration is that those
who do not directly benefit from a commercial venture to, say, mine
on Mars, may protest the miners’ disregard for the extraterrestrial
environment in response to the common heritage and province of
ali mankind language of those pronouncements. This may be more
likely when profits begin to be generated and large sectors of the
global population are excluded from its economic or technological
benefits. This has been demonstrated repeatedly in the US by
adverse public reaction to major environment-affecting projects
that benefit only a small percentage of the population or where
profits do not directly benefit the affected region (e.g., XL oil
pipeline) [17]. Moreover, protestors are not lirnited to those Hiving in
the area where an environment may be impacted, as evidenced by
broad North American and European opposition to unisustainable
or environmentally damaging forestry, grazing, and farming prac-
tices in the Amazonian rainforest, logging in the US and Canadian
west, and oil exploration in remote areas of the Arctic. At present,
there is no formal regulatory mechanism for public comment
regarding the fate of extraterrestrial environments, _

Anticipating such conflicts, it would be in the self-interest of
space development industries and other space actors to (1) accept
that their actions will affect extraterrestrial environments, (2)
acknowledge that some of those effects may be adverse and
possibly irreversible, (3) realize that adverse impacts will decrease
long-term profits and opportunities and reduce resource sustain-
ability, and (4) anticipate that extraterrestrial degradation will
erode investors' and global populations’ confidence [1,18].

3. National Environmental Policy Act and potenna! sources of
reticence to EEAs

If involved industries and other space actors understand the
benefits of environmental awareness for space actions, their past
inaction to confront the issue provides evidence they are reluctant
to publicly express it. Perhaps there is a perception that acknow!-
edgment would expose anticipated extraterrestrial actions to the
same rigarous regulations that currently exist for terrestrial actions;
potentially stifling their ambitions and hobbling attempts to profit
from their ventures, Or they may fear that since the environmental
impacts of our previous actions beyond LEQ have never been

3 ‘Treaty on Principles Governing the Activities of Stages in the Exploration and
Use of Outer Space, Including the Moon and Other Celestial Bodies,

4 Treaty on Principles Governing Activities on the Moon :md Other Celestial
Bodies.
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formally assessed, protocols for how o start such a process would
be overwhelming or politically awkward.> While such anxieties
may exist, they may be based on false notions of the reach of
regulation and an overestimate of the power of legal injunction in
an international and extraterrestrial context. If they assume that
existing environmental regulations, such as the US National Envi-

ronmental Policy Act (NEPA) of 1969, will seamlessly apply fo.

extraterrestrial actions, they might have cause for concern.’ NEPA,
however, does not currently apply to extraterrestrial actions.
NEPA is limited to those actions that have a US federal nexus
{(e.g., actions of the federal government, actions by private actors
which require a federal permit {such as a launch permit], private

use of federal facilities such as launch sites, and reliance on satellite’

communications managed by federal agencies). It states as its
purpose (Sec. 2 {42 USC § 4321}), “To declare a national policy
which will encourage productive and enjoyable harmony between
man and his environment; to promote efforts which will prevent or
eliminate damage to the environment and biosphere and stimulate
the health and welfare of man; [and] to earich the understanding of
the ecological systems and natural resources important to the
Nation.” References to biosphere and ecosystems would arguably
apply as soon as there is permanent human presence on the Moon
or Mars, even if humans and other life they bring are living in
contained environments and assuming there is no endemic lunar or
Martian life. Regardless of that premise, NEPA expresses sentiments
favoring EEAs even though it is doubtful extraterrestrial actions
were considered when it was drafted. However, defauiting to NEPA
and requiring the evaluation of extraterrestrial actions through the
Act’s formal Environmental Assessment and Environmental Impact
Statemment process is not recommended — at least not at this time or
in NEPA's present form. Applying NEPA directly would be both
irpractical and counterproductive [18]. While it continues to be
successful in reducing adverse environmental impacts in the US
and has provided a modet! for other nations’ environmental regu-
lations, it has become a cumnbersome toot that frequentiy results in
costly, lengthy, and highly litigated processes [21].” Environmental
impact statemnents as required by NEPA can take years to complete
- and can be extremely expensive [22]. Furthermore, NEPA lacks in-
ternational authority, and similar regulations in other nations lack
uniformity, making its application to extraterrestrial actions prob-
lematic. it is simply the wrong tool for the extraterrestrial job.
While NEPA does not prohibit its application to extraterrestrial
actions, neither is it required [23]. It is the current (2020) US
administration’s policy that it is not required for actions potentially
affecting extraterrestrial bodies. A critical consideration is that
NEPA is administered by the President's Council on Environmental
Quality within the Executive Office of the President. Accordingly,

5 NASA’s 2005 Final Programmatic Environmental Impact Statement for the Mars
Exploration Program contains detailed discussions and analyses of the program’s
impacts on Earth, but there is no mention of potential impacts to Mars. Similarly,
the 2006 Final Environmental Impact Statement for the Mars Science Laboratory
Mission considers potential impacts to the Earth's upper atmosphere but does not
address the impact of the Mars rover Curiosity on Mars itself. The 317-page envi-
vonmental impact statement for the Mars 2020 mission describes the affected
environment as “the areas on or near the vicinity of the launch site and portions of
the global environment.” in additlon, no agency or personal comments offered in
response to the Draft EIS mentioned impacts to the Mars environment {15] NASA,
Final Environmentaf Iimpact Statement for the Mars Science Laboratory Mission.
Washington, D.C. 2006 |20), NASA. Final Environmental fipact Statement for the
Mars 2020 Mission. in: NASA, editor.2014.

S Fram the author’s personal experience, mentioning NEPA in the context of
space exploitation is highly discouraged by bath space industries and NASA, if not
verboten.

7 US Council on Environmental Quality determined that the average length of an
Environmental kmpact Study between the years 2013 and 2019 was 669 pages and
that 25% averaged 729 pages or longer.

the economic and environmental agendas of the sitting President
influence how NEPA is applied to “gray areas” such as extraterri-
torial and extraterrestrial actions. The current (Trump) adminis-
tration has made easing restrictions encumbering commercial
recovery of space resources {e.g., minerals and water on the Moon
and Mars) a priority. It is now a federal policy that the US does not
consider celestial bodies to be global resources. It opposes relevant
sections of both the Outer Space Treaty and Moon Agreement [24].
Simultaneously, the administration has jnitiated policies making
NEPA's requirements less stringent and more favorable to resource
development industry actions in the US, such as mining and timber.
Aspirations to broaden the scope of NEPA to include extraterrestrial
actions will likely not be achieved [25],

The European Space Agency (ESA) uses life cycle assessments for
analyzing environmental impacts of space actions within their
administrative jurisdiction. But, as with NEPA, the ESA's life cycle
assessment studies have been limited to impacts to the Earth and
objects in LEQ, such as orbital debris, Actions beyond LEO are not
addressed, and guidelines for assessing those more distant impacts
have not been suggested by either NEPA or the life cycle assessment
process. Although there has been some public interest for the ESA
to consider impacts beyond LEO, no assessments for actions on the
Moon or Mars are required except for launches sanctioned by
Luxembourg {26-28]L

4. Framework for EEA

An environmental assessment assists in identifying the direct,
indirect, and cumulative impacts of an action affecting the envi-
ronment. When completed, it demonstrates a concern for sus-
taining common resources, For extratetrestrial actions, an EEA
wottld need to include measures supporting the wise use of the
global comimons of outer space. It would support the Outer Space
Treaty and similar international sentiments and aid in developing
confidence among investors. As envisioned in this article, an EEA
could be a powerful planning tool that need not be encumbered by
the political factors that accomipany a highly regulated or enforced
process such as NEPA. It can borrow what is needed from NEPA and
the life cycle assessment approach to determine an action's impacts
while avoiding aspects of those directives that do not transition
effectively to outer space, such as social and economic impacts to
local communities, The focus of an EEA would remain on doc-
umenting the action and assessing its effect on the extraterrestrial
environment.

The following outline proposes a starting point that will hope-
fully generate discussions leading to continual refinement, The goal
is a draft practical, efficient, and effective framework that will
facilitate a prelaunch review process for both accurately assessing
impacts and aiding space industries and other actors (e.g., science
missions) in achieving their short- and longer-range objectives®
Clearly, input from the broad space community, inclucling public,
government, and commercial interests, will be needed.?

' Hypothetical action: The fictitious transnational company
AstroMine is proposing to prospect for water on Mars, If water ice is
discovered in sufficient quantities at locations where mining and
processing technologies can produce a profit for AstroMine and its
investors, it will likely lead to expansion and an increase in oper-
ational capacities over time. Ifs goal is to establish long-term

8 Should extvaterreserial life be discovered, many other Factors would need to be
included in this framework.

¢ The author can be veached at withiamkramserl @grnailoom or via the website:
DurerSpaceConsuldngeom. Comments on this paper would be sincerely appreci-
ated and would be used to refine the framework presented.
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mining and processing there for multiple purposes, Assuming there
is no endemic fife on Mars, a simple framework for an EEA might
include the following categories:

1.0 Introduction

2.0 Purpose and Need,

Why is the action being undertaken? What are its goals? Why is

it needed?

3.0 Proposed Action.

What is the scope of the action? Provide a detailed narrative

description of the action. What is to be built, how will it be built,

what equipmient will be employed, etc.? What are the foresee-

able outcomes of the action? if the project is abandoned for any

reason, how would the area be affected? What would be

removed and what would be left behind?

3.1 Timing.

What are the anticipated faunch dates, transit duration, landing

dates, starting and completion dates of construction, proposed

Earth return dates, etc.?

3.2 Location.

Detaiis of the location of landing site, coordinates of action site,

and other activities on Mars. Provide a map of all action areas,

indicating specific areas of terrain alteration, road construction,

storage areas, etc. Description of local topography, including any

seasonal changes in topography or similar considerations.

4.0 Affected Environment (including direct, indirect, and cu-
mulative effects).

4.1 Physical Resources.

4.11 Geology, Regolith, and Seismicity.

Describe these factors and how the proposed action may alter or
affect them. Characterize the source and nature of any signifi-
cant vibration, such as those created by equipment operation,
blasting, etc., and how the structural stability of geologic for-
mations, layers, caverns or other hollows, and other factors may
be affected. Consider, where appropriate, factors such as
permeability, erodibility, water table depths, and depths to
impervious layers.

4.1.2 Atmospheric Composition.

What is the atmospheric composition in the affected area and
how does it naturally change over the duration of the action?
Will the action alter the atmospheric composition or generate
dust? If so, how might that affect other actions (e.g., interfere
with atmospheric studies, reduce the efficiency of solar collec-
tors or optical telescopes)? What is the magnitude, frequency,
and expected persistence of those alterations?

41,3 Climate, _ k
What is the climate in the affected area and how might it be
altered over the duration of the action? Will the action change
the local climate? What is the expected magnitude, frequency,
and duration of those alterations?

4.14 Solar Radiation.

What is the intensity and timing of exposure to sunlight in the
affected area?

4.1.5 Water Resources.

4.15.1 Characterization of Water Location and Physical State,
Are there water deposits (ice or liquid, surface or subsurface) in
the affected area? Whetre are they located?

4.1.5.2 Water Chemistry,
If water is present, what is its chemical or other composition?
Will the proposed action affect water state, chemistry, or other
water characteristics?

4.1.5.3 Indications of Surface and Subsurface Water Movernent.
Will the proposed action affect such movement?

41.5.4 Water Use.

How might the project alter water resources? if water is to be

extracted, for what purpose? What voiume of water is to be

extracted? Will water be spread on the surface or injected/

reinjected below the surface? How might that affect topography,

sutface and sub-surface chemistry, and other factors? Is the

water chemistry or composition changed prior to spreading or

injecting?

4.2 Cultural Resources,

Are there any indicators of human actions which have historical

or cultural significance in the affected area? If so, how might

they be affected by the action? Will the action affect the aes-

thetics of an area?

4.3 Hazardous Material and Pollutants.

What hazardous materials will be taken to Mars or generated on

Mars? What is their use and disposition? Will any hazardous

materials enter the Martian environment or be left at the site

after completion of the action? What is the planned fate of any

wastes produced? Will any chemicals or ather compounds

degrade or change composition as a result of aging, exposure t0

the Martian environment, or other factors? If so, how might

those compounds affect the environment?

5.0 Human Health and Safety.

How many humans will be involved at the site and at other

extraterrestrial locations that are part of the action? Charac-

terize their mission, How might the action affect their health

and welfare? (For example, exposure to radiation, temperature

and pressure extremes, and industrial and other accidents.)

6.0 Cumulative Impacts™® '

Cumulative impacts would include later-in-time mining and

other actions that may be encouraged by the action under

review.

7.0 Summary.

Considering the foregoing, what will be the overall effect of the

action on the current environment of Mars, including indirect

and cumulative effects? How might the action affect future ac-

tions on the planet? .

7.1 Table of foreseeable direct, indirect, and cumulative
impacts.

7.2 List of actions proposed to reduce or eliminate adverse
impacts.

7.3 Potential actions to mitigate adverse effects which cannot
be avoided or minimized.

This provides a highly simplified outline for the structure of an EFA.
It does not include sections that would routinely be considered if
the action were on Earth, such as impacts on the more general
human environment, especially if it were addressing the regulatory
requirements of NEPA. For example, there is little value in
describing socioeconomic factors related to the action on Mars
(e.g., effects on.the local economy and employment). In that thor-
oughly completing a detailed assessment such as the hypothetical
one outlined earlier may be difficult because knowledge of extra-
terrestrial effects is limited, there will be information gaps that
would not be found for most actions on Earth, While data gaps are
undesirable, they will serve several constructive purposes. First,
they will highlight the difficulty of predicting environmental im-
pacts where knowledge of those environments is limited, how
technology will or will not adapt to novel circumstances, human

8 As defined in 40 CFR Chapter 5 § 1508.7, a curmudative impact s the impact on
the environment which results from the incremental impact of the action when
added to other past, present, and reasonably foreseeable future actions regardless
of who or what undertakes such other actions. Curnulative tmpacts can result from
individually minor but collectively significant actions taking place over a period of
time.
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abilities, and similar unknowns resulting from a lack of experience. i

Information gaps in the EEA may foster precaution. Second, with
the completion of each new EEA, our knowledge of extraterrestrial
enviromments and how they respond to human actions will in-
crease. Each succeeding EEA for similar actions in similar envi-
ronments should contain fewer gaps and be a bit more detailed, a
bit more insightful, and a bit more accurate in assessing an action’s
environmentat impact. Each will build on the information provided
by previous assessments.

Serious issues of oversight and accuracy in the preduction of an EEA
for an action remain, however, If governments are reluctant to draft
and enforce standards and monitor a review process (such as
required by NEPA), how can an EEA be free from a project propo-
nent’s biases? Who will ensure that an EEA accurately describes a
proposed action and that what is described is actually imple-
mented? Resolution of the issue is well beyond the scope of this
article, but, at a minimum, the EEA process will require trans-
parency. Except where proprietary information might be withheld,
EEAs should be widely available for public review and comment.
Given the importance of the document, if governments will not
enforce a standard, perhaps a consortium of nongovernmental
space actors could monitor the process. The group could develop
standards, ensure the public has an opportunity to review and
comment on the EEA, and miaintain an open library of EEAs and
related documents.

5. Final thoughts

In addition to its direct environmental benefits, even the
simplest EEA will document that a specific action was undertaken
at a specific location over a specific period. Once completed, as-
sessments could be digitally filed in a library managed by space
industries or others and made available for public reference, They
would become a permanent record for documenting pre-action
baseline conditions that may be invaluable in decades and cen-
turies to come. With the addition of each new EEA, the database
will grow, providing not only an increasingly useful historical re-
cord of actions taken but also a compendium of accumulated
planetary data. Without such a repository of incremental findings,
critical and irreproducible information will be jost.

Actions on the Moon, Mars, or elsewhere in our solar system
will require not only sound engineering but also innovation to
solve unanticipated problems that arise once the action has
begun. While an EEA cannot address what is yet unknowable, it
can be amended as the action progresses to incorporate infor-
mation on how novel situations were addressed when encoun-
tered: “solution X was proven (or proven to not be) an effective
way to address upanticipated issue Y.' Over time, a growing,
indexed catalog of such determinations would assist in antici-
pating and avoiding similar problems that may arise with sub-
sequent actions.

It is critical that commercial interests, as well as governmerits
and nongovernmental groups, including scientific, academic, and
others, be brought into the conversation regarding extraterrestrial
impacts, As stated in the 2013 report, Committee on Space Research
Workshop on Developing a Responsible Environmental Regime for
Celestial Bodies, there is a need to bring “ambitious private entities
into the mainstream discussion on (planetary) protection regimes,
one of the major challenges in going forward with responsible
planetary explorationfexploitation” [30].

6. Next actions

As stated previously, this proposal for a framework for EEAs is a
starting point, not a conclusion. It is hoped that space ventures and
governments will consider the benefits of such an approach in

addressing the foreseeable reality of adverse impacts and begin to

build a workable and efficient framework. If cornmercial and other
actors do not seriously address this issue and create such a mech-
anisrm, governments may in response to public concern, either
individually or through international regulatory agreements [18].
Industries and other private space actors should take advantage of
this opportunity and begin to develop industry standards or similar
mechanisms to frame a process for an EEA that achieves environ-
mental goals while remaining practical in meeting their commer-
cial, scientific, and other objectives.

In the US, regulatory oversight did not come until the public
recoguized the dramatic adverse impacts to our shared environ-
ment that followed a long history of degradation caused by
agsorted human activities, including the damages of hydraulic
mining {where thousands of tons of soil and rock were washed
from hillsides as a byproduct of gold mining}, leachates from mine
tailings that polluted rivers and wetlands, il spills that smothered
fisheries, the disaster of the Dust Bowl, and a catalog of species
extinctions and human health issues caused by many pesticides. In
fact, it took a century of environmental damage in the US before the
regulations imposed by NEPA and similar legislations were finally
adopted. We have an opportunity to learn from that experience so
that we do not replay it on the Moon, Mars, and other bodies.

As succinctly put by Newman {31] in reference to advancements
in outer space, “attention can now turn from the technicaily
focused ‘how do we do that?" to the more ecologically focused ‘how
should we do that?”, While extraterrestrial environments are
vastly different in many ways from those on Earth, the reasons for
the need to minimize adverse human impacts are the same. If space
development industries and others who are proposing actions in
space do not address this issue by hurturing a culture of environ-
mental awareness in space, creating effective assessment protocols,
and acting to avoid, reduce, or mitigate impacts, regulation by na-
tional or international governments may follow. Space actors
should take the initiative to develop effective assessment protocals
before regulation is required.
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