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At a time when the world must cut greenhouse 
gas emissions precipitously, artificial 
intelligence (AI) brings large opportunities 
and large risks. To address its uncertain 
environmental impact, we propose the ‘Earth 
alignment’ principle to guide AI development 
and deployment towards planetary stability.

According to the most recent Earth system assessment, six of nine plan-
etary boundaries have been transgressed and climate tipping points are 
much closer than previously thought1,2. This requires urgent, disruptive 
and cooperative action to address the underlying drivers of planetary 
instability. It has been routinely stated that artificial intelligence (AI), a 
disruptive technology, could be a powerful tool to accelerate innova-
tion and scale climate action, protect biodiversity and reduce envi-
ronmental degradation3,4. However, there is a paradox at the heart of 
AI’s potential contribution to stewardship of Earth: AI is being deeply 
embedded in the existing global socio-economic system responsible 
for driving the destabilization of the Earth system.

Conversations regarding AI and the Earth system often focus nar-
rowly on AI’s own rapidly growing environmental footprint5. Given the 
severely constrained carbon budget to meet the United Nations (UN) 
Paris Agreement, any emissions growth is deeply concerning. However, 
the systemic societal changes AI is likely to drive, and resultant emis-
sions trajectories, could be a larger concern6.

A key feature of technological advance is the Jevons paradox, a 
dynamic where efficiencies drive down production costs, leading to 
cheaper products driving increased consumer demand7. This ulti-
mately results in greater overall consumption, waste and emissions. 
The paradox is relevant to AI development, but with potentially unprec-
edented implications. Unlike many previous technologies, AI’s impact 
has the potential to be exceptionally broad, affecting virtually every 
sector of society3,8. The unique and increasing capacity of AI for general-
ized problem solving, rapid learning and autonomous adaptation sug-
gests it could impact economic sectors at a scale and acceleration far 
beyond previous technological developments. Moreover, AI’s potential 
to learn and improve itself sets it apart from previous technological 
shifts, possibly disrupting the process of scientific and technological 
inquiry. This could create a rapid feedback loop of innovation, produc-
tion and consumption with profound implications for the Earth system.

Beyond economic impacts, AI poses risks of large-scale social 
harms, including exacerbating social injustice, eroding social stabil-
ity and weakening our shared understanding of reality8. Given these 
potentially far-reaching effects on the economy, society and Earth, 

the development and deployment of AI warrant even greater concern 
than previous technologies affected by the Jevons paradox, requiring 
new governance approaches to manage this risk.

Aligning AI policy with stewardship of Earth
As governments mobilize to address the complex challenges posed by 
AI, some are beginning to grapple with two interconnected yet distinct 
concepts: the alignment problem — from a socio-technical standpoint, 
ensuring AI systems reliably pursue objectives beneficial to human-
ity — and the ethical implications dominated by safety, security and 
economic concerns (for example, risk of job losses).

In August 2024, the European Union’s AI Act came into force, 
categorizing AI system risk from ‘minimal’ and ‘limited’ to ‘high’ and 
‘unacceptable’. The Act aims to protect European citizens from, for 
example, biometric categorization, social scoring, predictive polic-
ing and subliminal influencing. Other countries are exploring policy 
responses and the UN is taking steps to advance global policy (Govern-
ing AI for Humanity). The United States is a notable exception. A 2023 
Executive Order, ‘Safe, Secure, and Trustworthy Development and Use 
of Artificial Intelligence’, which included environmental considera-
tions, was revoked by the new administration on 20 January 2025. In 
addition, several large technology companies have developed internal 
governance frameworks for ethical and human-aligned AI. While these 
efforts are crucial, a critical foundational principle is missing from 
current policy discussions: the urgent need to align AI systems with 
the stability of the Earth system.

Good AI governance for planetary stewardship must focus both 
on the opportunities to mitigate Earth system risks and on reining in 
forces with the potential to accelerate destabilization. To address this, 
here we introduce the ‘Earth alignment’ principle for AI. Principles are 
used to guide behaviour in complex social systems. Examples include 
the ‘precautionary principle’, the principle of ‘do no harm’ or, in climate 
negotiations, ‘common but differentiated responsibility’. We define 
Earth alignment as the principle of aligning the development, deploy-
ment and use of AI to promote planetary stability and stewardship for 
the benefit of humankind. This principle covers both the technical 
focus of AI alignment and the broader ethical considerations of AI’s 
impact on our planet, emphasizing that truly beneficial AI must not only 
serve immediate human goals but also safeguard the long-term health 
and resilience of the global environment on which all life depends.

The Earth alignment principle is differentiated from the principle 
of ‘do no harm’ or the ‘precautionary principle’ in that it actively seeks 
to leverage AI’s capabilities to drive sustainability transformations 
across human activities while constraining developments that impede 
this goal. This leverage includes, for example, AI deployment and use 
that drives down greenhouse gas emissions or contributes to revers-
ing loss of biodiversity. Earth alignment, therefore, provides a unique 
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Without good governance, AI has the potential to supercharge 
unsustainable production and consumption through, for example, 
being used for enhanced fossil fuel extraction or AI-based micro-
targeting in advertising. If business models for AI systems are based 
on advertising revenues, for example, the profit incentive may be in 
direct conflict with emissions reductions goals. If uses of AI cause 
cheap products to flood the market, even if emissions per unit are 
lower, the sheer volumes may drive up emissions and degrade nature. 
Implementing the Earth alignment principle means managing these 
risks, designing for circularity and ensuring that all AI-assisted 
production and consumption respects safe and just Earth system 
boundaries16.

The environmental impacts of the development and operations 
of AI models also need to be addressed. Strong Earth alignment must 
apply to energy and material used for AI infrastructure. AI development 
should aim for full decarbonization. Data centres must avoid excessive 
water consumption in water-stressed regions and be built for material 
circularity and efficiency.

Criterion 2. Planetary stewardship is a collective action problem6. 
As AI tools become increasingly powerful, economic and techno-
logical power will probably concentrate within wealthy nations with 
profound consequences for collective action challenges. Research 
has shown that AI applications for achieving the Sustainable Devel-
opment Goals are biased mainly towards issues relevant to nations 
where most AI researchers live3. If AI systems for sustainability are 
primarily designed to meet the needs of wealthy nations, transfor-
mation elsewhere could slow and social inequalities could widen. 
Widening inequality reduces trust in governance institutions, which 
can hamper sustainability goals17. Hence, more equitable access to AI 
tools, and checks on concentration of power, are important criteria 
for Earth alignment.

Criterion 3. Planetary stewardship requires social cohesion to allow 
societies to take long-term decisions. Societies with higher social and 
political trust are better at reaching agreement on public good provi-
sions and protection of global commons17. Without strong govern-
ance, AI technologies can be weaponized to destabilize democracies 
and slow or reverse progress towards stewardship goals. Misaligned 
technologies can supercharge the creation and dissemination of 
disinformation and misinformation, and thereby undermine trust in 
democratic institutions and the science needed to tackle the climate 
crisis. Conversely, strongly aligned systems will support collabora-
tion, social cohesion and informed collective decision-making for 
stewardship of Earth.

The three criteria overlap with other ethical AI principles relating 
to issues around political power or social cohesion. However, there 
are important distinctions: Earth alignment prioritizes deep integra-
tion of environmental stewardship with socio-economic stability, and 
it recognizes that ecological sustainability is more challenging with-
out social cohesion and trust in governance institutions. By adher-
ing to these criteria and this integrated approach, we can address  
systemic risk and the paradox of AI’s larger socio-economic impact. 
The recent report from the UN Secretary-General’s High-Level Advi-
sory Body on AI (Governing AI for Humanity) provides strong support 
for Earth alignment, advocating for inclusive global frameworks 
that prevent power concentration and equitable access to AI tech-
nology, and emphasizing the role of AI in achieving sustainability  
goals.

safeguard alongside other AI principles in that it specifically values 
the state of the biosphere.

Earth alignment is not binary. AI systems will exist on a spectrum 
ranging from strong alignment to weak alignment or even strong mis-
alignment. Here we outline three criteria for strong Earth alignment 
(Fig. 1) that must be met over the entire life cycle of AI systems, their 
development, deployment and use.

•	 AI systems should help to accelerate the transition to sustain-
able production and consumption in ways that respect plane-
tary boundaries, or at least do not obstruct these objectives4,9  
(criterion 1).

•	 AI systems should be developed, deployed and used in ways that 
ensure equitable access to AI tools for global sustainability and 
avoid concentrations of power (criterion 2).

•	 AI systems should be developed, deployed and used to support 
greater societal cohesion, build trust and provide access to reliable 
information for planetary stewardship (criterion 3).

Criterion 1. Strongly aligned AI development and deployment pri-
oritizes innovation and deployment for rapid decarbonization and 
biosphere preservation and restoration. In the energy sector, AI is 
already being used to support grid decarbonization and reliability 
through better forecasting10. AI has the potential to bring efficiencies 
to manufacturing and supply chains, and support development of new 
materials and processes11. In the food and health sectors it can improve 
fertilizer application, support personalized sustainable diets, and 
deliver more accurate weather and disease forecasting12–14. In transport 
and urban planning, AI has the potential to deliver systemic efficiency 
gains, for example, by enabling a shift from private cars to shared 
mobility. But innovations must be viewed systemically and consider 
the Jevons paradox. Autonomous vehicles, for example, may increase 
congestion due to empty trips and preferences for longer commutes 
and cars over public transport15.

Criterion 1: 
sustainable 

consumption 
and production

Criterion 2:
power and access

Criterion 3: 
social cohesion 

and trust

Fig. 1 | Achieving strong Earth alignment requires taking account of three 
criteria simultaneously. AI’s transformative impact demands a systemic 
stewardship approach that goes beyond direct environmental impacts to 
encompass trajectories of economies and societies.
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Applying the Earth alignment principle
The goal of the principle is to guide innovation, use and deployment 
of AI. As such, it is relevant to three groups of actors: governments and 
international organizations, companies, and investors.

Nations and international bodies such as the UN should consider 
explicit categorization of AI systems or applications as ‘high risk’ or 
‘unacceptable risk’ if technologies could foreseeably be a threat to 
the stability of the Earth system based on the criteria above. A second 
priority is to strategically direct investments in AI-driven research and 
innovation towards planetary stewardship emphasizing open-source 
initiatives and investments beyond the wealthiest nations. This needs 
to be coupled with incentives for global AI tech transfer, including 
towards actors with modest resources such as municipalities to support 
initiatives like low-carbon urban planning or AI-related agricultural 
innovations. It should also include policies to ensure fair access to criti-
cal AI infrastructure, such as cloud computing and data, and prevent 
power concentrations. With the most powerful AI tools concentrated 
in wealthy nations, this will be challenging to achieve.

National and international institutions must move to mandatory 
environmental reporting for companies. This should include broad-
ening the scope of AI’s environmental impact beyond operations to 
include business models and societal impact, for example, risks relating 
to misinformation and disinformation. Compliance mechanisms will 
be needed urgently to ensure the principle is adopted.

Companies, organizations and other entities developing and 
using AI tools should include Earth alignment within their governance 
frameworks and risk assessments. This starts with the business models 
for AI tools: can models based on advertising revenues be compatible 
with systemic societal emissions reductions and societal cohesion? Are 
other business models more likely to achieve these goals?

Scale out of AI must not compromise absolute reduction in carbon 
and ecological footprints from operations, breaking with the current 
trend of rising carbon dioxide emissions from AI operations. Recent 
advances, for example, the DeepSeek model, indicate that high per-
formance may be possible with more efficient algorithms and smaller 
infrastructure, although in the longer run these efficiencies may boost 
demand as per the Jevons paradox18.

Beyond metrics like greenhouse gas emissions and ecosystem deg-
radation, risk assessments should evaluate whether AI systems foster 
social cohesion and trust. This could involve measuring access to reli-
able, non-biased data, and evaluating misinformation or manipulation 
through AI-driven platforms. It may require restricting or prohibiting 
algorithmic design in social media that actively harms social trust and 
feeds polarization.

Investors and philanthropy should include Earth alignment as 
a criterion for AI investment. Finally, all actors will need incentives 
to share information and know-how across the north–south divide.

The growth in power and ubiquity of AI systems creates an 
immense opportunity to accelerate action to stabilize the Earth system, 
but also carries unprecedented risks of destabilization. We believe that 
Earth alignment should be a foundation for an international framework 
to guide AI system development, deployment and use in order to man-
age systemic risks in relationship to Earth system stability and steward-
ship. The definition of Earth alignment may evolve as AI technologies 
progress and their influence becomes more pervasive.
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