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The planetary boundaries are an Earth science concept that aims to 
comprehensively assess human-caused disturbances on the planet. First 
developed in 2009, the basic premise is that there are thresholds for a 
series of Earth systems that, if crossed, will cause abrupt and potentially 
catastrophic environmental change. As such, planetary boundaries are 
useful to frame sustainability objectives and practices. This article 
investigates the scholarly diffusion of planetary boundaries. How did it 
take off and spread? Using academic databases, primarily in English, I 
trace the growth of the concept over time, by the geographic location of 
scholars, as well as their disciplinary affiliations. Using citation counts, the 
most influential papers that have diffused the concept are identified. The 
results indicate that the planetary boundaries have penetrated a wide 
variety of different academic disciplines, although such research is 
predominantly European, a pattern that can be explained both nearness/
farness spatiality and classic diffusion theory. Moreover, the temporal 
expansion of planetary boundaries is compared to other, well-established 
sustainability concepts. Fewer studies currently address planetary 
boundaries compared to the related concepts Anthropocene and 
ecological footprint; however, the growth rate of planetary boundaries 
research is comparable to trends when those concepts were new. Based 
on how articles engage with the planetary boundaries concept (categorized 
as Level A–C), I conclude that most researchers use the concept as a 
background idea to frame their research questions. Although quantitatively 
fewer, some studies continuously assess and refine the planetary 
boundary concept itself. The planetary boundaries have diffused 
sufficiently so that multiple academic fields have adopted it as a 
foundational research principle.
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Introduction
In 2022, I temporarily resided in Amsterdam, the Netherlands to explore urban sustainability. One 
public-private initiative framed the city’s socio-economic and environmental progress around ideas 
such as living in balance with existing resources, circular economies, reducing the ecological footprint, 
and pursuing regenerative development (Doughnut Economics Action Lab 2020). In particular, the 
report utilized the planetary boundaries concept as a foundation for its vision of sustainable planning. 
The use of an Earth systems science concept in urban policy raises some intriguing questions. It 
suggests that local stakeholders have ‘found’ a global science concept and engaged in a scalar 
transformation that makes it potentially useful locally. Moreover, the concept has moved from 
scientific inquiry to the realm of advancing human well-being. How did that happen? Where did it 
come from?

This paper is not about Amsterdam, nor about urban policy. Rather, I want to review the global 
growth and diffusion of planetary boundaries as a scientific concept. To what extent has it taken off 
and spread among (English-language) scholarly communities, from the environmental sciences to the 
social sciences, and other academic and non-academic fields? The Amsterdam example also suggests 
that planetary boundaries may be well-known in western Europe, but is it adopted elsewhere in the 
world? Biermann and Kim (2020, 497) write that the “planetary boundaries framework has been 
influential in generating academic debate and in shaping research projects and policy recommendations 
worldwide”, yet the details of that diffusion process have yet to be penciled in. As the planetary 
boundaries have “helped redefine the scientific discourse over the past decade…and clearly advanced 
older debates on planetary limits” (Kim & Kotzé 2021, 3), it is important to study the scientific process 
by which this spread has been taking place and how that compares to other similar scientific concepts. 
The way environmental crises are understood depends on how they are framed in both science and 
society. Therefore, a study on the diffusion of planetary boundaries is also socially relevant as its 
integration into governance solutions to environmental problems, as well as legal frameworks, may 
be dependent on how scientific discourses spread locally, regionally, and globally. A significant caveat 
is that this study can only illuminate how the concept is used in research published in English, not how 
it is discussed in other linguistic contexts.

Planetary boundaries and other sustainability concepts

Originating in Earth systems sciences, the planetary boundaries concept is relatively new. Aiming to 
comprehensively assesses human-caused disturbances on the planet, it was originally proposed in 
the 2009 article ‘Planetary Boundaries: Exploring the Safe Operating Space for Humanity’ in Ecology 
and Society, authored by environmental scientist Rockström and 28 of his colleagues, many of whom 
were affiliated with the Stockholm Resilience Centre, a research center at Stockholm University, 
Sweden. The basic premise is that there are thresholds for a series of Earth systems that, if crossed, 
are expected to cause abrupt and potentially catastrophic environmental change. There are nine such 
systems and processes: freshwater, stratospheric ozone, atmospheric aerosols (particulate matter), 
ocean acidification, biochemical flows (anthropogenic nitrogen and phosphorus), novel entities 
(chemical pollution), land-systems change (deforestation), biospheric integrity (biodiversity), and 
climate change. Societies must live within the boundaries of these systems, what the authors refer to 
as humanity’s ‘safe operating space,’ if we are to preserve a stable, livable environment. The planetary 
boundaries are typically visualized in a circular chart (Figure 1) with safe operating space depicted in 
the middle and the nine systems extending outward to different degrees, depending on to what 
extent they have or have not transgressed planetary boundaries. Conclusions from recent research 
are not optimistic; most of the boundaries may already have been transgressed (Richardson et al. 
2023). 
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The planetary boundaries framework has been critiqued from various scientific and socio-economic 
perspectives. Biermann and Kim (2020) offer a broad assessment of critiques while Kim and Kotzé 
(2021) focus on social science viewpoints. Key concerns include the uncertainty of threshold levels; 
who determines what constitute safe operating space and whether that is a purely scientific endeavor 
or if it should include policy-makers and other stakeholders; whether nine boundaries are the most 
appropriate conceptualization; the limited concern for social justice and global inequality and the 
potential role for planetary boundaries to be used as a way to limit development in the Global South; 
the complex interdependency among boundaries both from a scientific and socio-political perspective, 
and so on. Over time, some of the shortcomings have been addressed by the progenitors of the 
concept and by a growing body of independent scholarly work. For example, one important socio-
economic extension of planetary boundaries is the doughnut idea proposed by Raworth (2017). The 
doughnut refers to the visualization in Figure 1 where the safe operating space is reconceptualized as 
a social space in which humanity thrives, as measured by United Nations’s (UN) Sustainable 
Development Goals. It is not the objective of this article to further assess the veracity of the concept; 
suffice to say that the popularity of planetary boundaries suggests that it is perceived as a robust and 
important concept, although not without shortcomings. For his work, Rockström was awarded the 
prestigious Tyler Prize for Environmental Achievement, informally referred to as the ‘environmental 
Nobel Prize,’ in 2024.

Fig. 1. Visualization of planetary boundaries showing recent estimates on levels of 
transgression. Designed by Azote for Stockholm Resilience Centre. Source: Wang-
Erlandsson and colleagues 2022. Used under license from creativecommons.org.

http://creativecommons.org


256 FENNIA 203(2) (2025)Reviews and Essays

Emphasizing human-caused environmental change, planetary boundaries build on earlier 
formulations about sustainability. Such concepts integrate interrelated ideas and are complementary 
in the understanding of environmental crises that affect Earth. However, they are also in competition 
with each other, for public and academic attention, and how to most effectively communicate 
challenging environmental problems. One important antecedent to planetary boundaries is the limits 
to growth perspective. It originated with a 1972 report issued by the Club of Rome (Meadows et al. 
1972), an environmental advocacy group consisting of economic, political, and scientific elites. The 
report garnered significant attention through the early use of computer models which connected 
population growth, material consumption, and agriculture with projected resource depletion and 
pollution. If business-as-usual prevailed, the report warned that a societal collapse was inevitable 
within 100 years, resulting in a sudden decline in population and economic output. One the one hand, 
limits to growth is aligned with planetary boundaries as it is concerned with limits that, if transgressed, 
will have profound consequences. Both frameworks place a great degree of significance on 
environmental thresholds. A difference, though, is that limits to growth is more explicitly 
anthropocentric in its perspective, as it is structured around a series of human-societal variables. Its 
model-driven method is also distinct from the environmental data observations that underpin 
planetary boundaries. Fifty years later, the limits to growth perspective continues to have proponents. 
Updates have arrived at conclusions similar to the original report (Meadows et al. 2004) and the 
centrality of climate change as a driver of environmental crisis has ensured the continued relevance 
of limits to growth (Kahn 2022). The Club of Rome (2020) has also integrated planetary boundaries in 
its recent environmental advocacy. A logical implication of limits to growth is that current economic 
expansion is unsustainable. Therefore, some argue that economic models that underpin the capitalist 
system, as now practiced, must be rejected. Instead, an ecologically centered economy calls for a 
radically different approach, such as ‘degrowth’ (Kallis et al. 2018). The emerging degrowth perspective 
suggests that a reduction of resource and energy use is imperative to stay within the planetary 
boundaries. 

Another related and prominent concept is the ecological footprint (and its derivatives with narrower 
emphasis, such as carbon footprint and water footprint), which dates from the early 1990s (Rees 
1992). The concept can be described as an accounting measure where the Earth provides ecological 
assets that humans need to sustain their consumption, such as land for food production and living 
space, oceans for fish protein, and forest for timber products as well as a capacity to absorb waste, in 
particular greenhouse gas emissions. If the Earth (or sometimes calculated on a regional, country, or 
individual level) does not have enough biocapacity for society’s consumption needs, our ecological 
footprint exceeds biologically productive land, and we run a deficit. This overshoot, as most ecological 
footprint calculations indicate, is conceptually related to exceeding planetary boundaries. The 
footprint’s ecological assets are also reminiscent of the nine planetary boundaries.

Planetary boundaries can also be effectively integrated with the idea of an Anthropocene. In 2002, 
Crutzen argued that the influence of human actions on the Earth’s natural systems is profound 
enough to constitute a new geological epoch, different from the previous Holocene. Traditionally, the 
designation of geologic epochs is determined by investigations into Earth’s rock layers, what they 
contain, and what that tells us about past environments. Since the Industrial Revolution, global 
population increases, resulting pollution, and the decimation of species (Kolbert 2014) may be the 
equivalent of environmental changes in geologic time. Therefore, many scholars and scientific 
organizations have adopted the Anthropocene perspective. The key premise that many planetary 
boundaries have been, or are on the verge of being, transgressed due to human actions makes the 
concept complimentary to the Anthropocene. From a planetary boundaries’ perspective, the objective 
is to stay in Holocene conditions, although that seems increasingly unlikely. As social scientists point 
out, though, geographies of risk in the Anthropocene are complex. Resilience and vulnerability vary 
greatly based on location and income. Therefore, other holistic perspectives like ‘planetary just 
transitions’ and ‘planetary ethics’ conclude that policies must be both social and environmentally just 
with obligations to all groups, present and future, and incorporating the knowledge and resilience of 
indigenous societies (Stevis & Felli 2000; Valadez 2015; Ford et al. 2020).



FENNIA 203(2) (2025) 257Ola Johansson

Nearness, farness, and the diffusion of research

The adoption of planetary boundaries is, in a Kuhnian (1962) sense, an extension of current normal 
science rather than a scientific revolution. Nevertheless, the planetary boundaries concept is, in the 
context of diffusion, a new idea associated with uncertainty. For scholars exploring a new idea, it is 
advantageous to embrace the perspective of renowned individuals who originally adopted, or even 
invented, the new concept. Traditional diffusion theory postulates that a diffusion process disseminates 
from a smaller group of individuals (innovators), and spreads among a larger group (early adopters) 
who quite often know each other, before broad-based adoption occurs (Rogers 2003). This process 
resembles an s-shaped curve, with increasing adoption over time, followed by the tapering off, or 
saturation, of adoption.  

Spatially, diffusion is also influenced by a neighborhood effect—when the immediate socio-cultural 
environment shapes people’s actions, attitudes, and propensity to adopt an idea. Information diffuses 
more easily among people and places in relative proximity, and such flows decrease with distance 
(Brown 1981; Morrill et al. 1988). However, the use of the internet and the ‘collapse of space’ has 
allowed for more rapid flow of information, which potentially limits the neighborhood effect. In the 
context of planetary boundaries, the (global) scientific community that utilizes the concept is ‘the 
neighborhood.’ 

In addition to the positivist tradition that treats space as having Cartesian properties—the world’s 
surface as a coordinate system—geography also has a humanistic tradition recognizing that human 
awareness and perception is powerful in understanding social phenomena (Ash 2020). Thus, 
spatiality—the qualities of space, including both physical arrangements and the way it is experienced 
and perceived—matters as physical space does not always capture social practices and norms. Space 
is therefore qualitative, rather than simply locations on a map, which structures everyday human 
activity. Cartesian understanding of space and distance is not how the world is understood on a 
personal level. Drawing on German philosopher Heidegger, people can feel near or far from 
phenomena independent of concrete location (Rickert 2024). Some things are ‘epistemologically near’ 
which are things we are conditioned to know and understand, while things ‘epistemologically far’ are 
seen as more irrelevant and foreign. The farther away things are, the more difficult it is to understand 
them. What is physically far can be near us, yet what is physically near is still relevant because the 
collapse of space is an incomplete process (Meijas 2015). Heidegger’s nearness and farness are 
relevant to scientists’ understanding of planetary boundaries as a concept and, ultimately, how to 
conceptualize environmental crises. 

Collaborative environments, such as research, are examples of endeavors that may transcend 
distance. Knowledge is created and shared in networks, which may or may not be localized. Proximity 
has been shown to enhance research collaborations on a national level in Great Britain (Katz 1994) 
and China (Liang & Zhu 2002), which supports the localized network idea. But as scientific research 
involves tacit knowledge production at a lower level than in industrial innovation and research and 
development, it also allows for long-distance collaboration (Healey et al. 2008). Much scientific 
knowledge aims to be generalizable and is therefore also global in scope. On the other hand, research 
sites have cartesian coordinates and data collection can be enhanced by proximity. Also, funding 
mechanisms often exist nationally and regionally (e.g., the European Union), which favors proximity. 

Relating to nearness and farness, the Bogardus social distance scale measures the willingness of 
individuals to engage in social contacts (such as research) depending on the degrees of closeness they 
sense with other groups, such as based on nationality and ethnicity (Mather et al. 2017). For example, 
researchers in Southern Europe are more prone to engage in national collaborations while 
northwestern Europe tends to be more international. Also, language skills matter; Avdeev (2019) finds 
that linguistic commonalities among authors are a good predictor for research collaborations, as 
measured co-authored papers. These factors influence the spread of scientific concepts.
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Methods: measuring the spread of the concept
The objective of this paper is to investigate the academic usage of planetary boundaries over time and 
space, and compare it to the growth of other sustainability concepts. The main data sources are three 
databases—Google Scholar, JSTOR, and Academic Search Premier (ASP)—which are used to investigate 
how much academic research has been published on planetary boundaries. The databases were 
selected based on their high level of prominence in academic research and that they have 
comprehensive coverage across disciplinary boundaries. Google Scholar is the broadest of the three 
as it is a search engine that captures a variety of publishing formats and scholarly disciplines. The 
downside is that its scope makes it unwieldy, and results are poorly organized. For greater precision, 
the traditional databases JSTOR and ASP were also used. The objective is not to capture every planetary 
boundaries publication; rather, to establish a sample that is manageable, yet substantial and robust. 
For that purpose, the above database selection was appropriate1. 

One limitation is that almost all research included in this study is in English. While over 90% of 
global research articles disseminated through leading academic indices are in English, and 75% of 
academic journals tied to such databases are published in English (Liu 2017; Giménez Toledo 2024), 
there is certainly relevant research published in other languages. It may appear in edited books and 
monographs, which for example are common outlets for research in human geography, or in policy 
documents and other influential forms of dissemination. Khanna and colleagues (2022) found over 
25,000 multilingual journals, a majority from the Global South, that are largely absent from mainstream 
international academia. There are also peer-reviewed journals in other languages in the Global North, 
in which scholars choose to publish regularly as a way to engage with national scholarly communities 
and debates. Hence, it is important to acknowledge knowledge production beyond Anglophone 
scholarship. 

For this paper, however, the first step involved using the phrase ‘planetary boundaries’ for a full-
text search (conducted in October 2023). This provided a publication pattern from 2009 (when the 
first publication appeared) through 2022. The objective was to investigate if and how planetary 
boundaries have become more prominent in research over time. To collect more details about the 
scholars who utilize planetary boundaries in their research, the second step extracted a narrower set 
of research publications via JSTOR and ASP that contained country-level academic affiliation of the 
authors and the academic discipline they represent. The purpose was to investigate how widespread 
research on planetary boundaries is geographically and scholarly (in the natural sciences, social 
sciences, humanities, and so on). To generate a manageable sample size, I narrowed the search to 
abstracts only. For that, the search functionality of ASP and JSTOR is more useful than Google Scholar. 
Of the two, ASP yielded better results because, unlike JSTOR, it has html-based abstracts that are 
highly searchable. By limiting the search to abstracts, the data set captured articles where planetary 
boundaries play a relatively important role. The abstract-based search yielded 280 articles, 
predominantly from academic journals, but with some publications from popular press or book 
chapters. The results were screened for duplicates as well as articles that may not be about planetary 
boundaries, as defined here. The latter only resulted in the omission of one article (which concerned 
astrophysics rather than planetary boundaries in the Earth systems sense). The lack of misidentified 
articles suggests that any potential error using a basic search phrase method is minimal. In other 
words, the method captures research it intends to capture. To determine which articles among the 
280 are most important, citation metrics from Google Scholar were recorded.

Subsequently, to contextualize the growth trend of planetary boundaries research, a temporal 
comparison was made with two established sustainability concepts—Anthropocene and ecological 
footprint. As argued above, these two concepts are related to planetary boundaries and as database 
search terms within quotation marks, they reliably yield robust results that do not include scholarly 
material about other phenomena. In contrast, tests using ‘limits to growth’ or ‘degrowth’ yielded 
complex and extensive search results in need of significant manual sorting and were therefore not 
included. The method was replicated as a full-text search on ‘Anthropocene’ and ‘ecological footprint,’ 
although extended backward in time to 2002 (for Anthropocene) and 1994 (for ecological footprint). 
The growth of scholarly adoption of those concepts was then compared to planetary boundaries.
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Lastly, a content analysis of the 280 abstracts was conducted. I developed a three-part content 
categorization with the objective of investigating how the researchers used planetary boundaries. 
More specifically, articles are categorized as:

	 -	Level A. Articles that have a very high level of engagement with the concept in that they are 
fundamentally about the planetary boundaries; they assess, critique, or refine the concept; or 
they compare it to other concepts.

	 -	Level B. Articles with a medium level of engagement that use planetary boundaries as a major 
theoretical framework in an investigation of a specific environmental topic; or discussing 
planetary boundaries as one among other equally important concepts.

	 - Level C. Articles with a relatively low level of engagement with planetary boundaries; the concept 
plays a modest role for the stated research question and is primarily used as a background idea.

Diffusion of Planetary Boundaries

Growth of the concept

References to planetary boundaries increase dramatically over time. The cumulative search results of 
Google Scholar, which captures all types of academic or academic-related publications, was 40,377 
during the study period. The steady increase annually from 2009–2022 ranges from 75 works that 
referenced planetary boundaries in 2009 to 7,760 in 2022 (Figure 2). The pattern indicates a growing 
and even accelerating prominence of the concept. As the content analysis of the aforementioned 280 
abstracts only included one article that was misidentified as referring to planetary boundaries, the 
larger Google Scholar data set is also likely to contain search results that are overwhelmingly about 
planetary boundaries.

Fig. 2. Search results for ‘planetary boundaries’ from Google Scholar, 2009–2022.
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Academic Search Premier, based on a full-text search on ‘planetary boundaries,’ shows a similar 
growth pattern (Figure 3). The steady increase (from five search results in 2009 to over 200 at the end 
of the study period) is typical of an early stage of diffusion of successful ideas—the acceleration phase 
in the s-curve of adoption of ideas. The ASP trend line is less regular than Google Scholar, which is 
possibly a result of a smaller data set. Compared to the more than 40,000 works about planetary 
boundaries in Google Scholar, the more narrowly curated ASP only captured 1,214 articles. However, 
well-designed scholarly databases include the most significant publications, as well as a strong 
emphasis on research articles in academic journals, compared to the ‘wide net’ approach of Google 
Scholar. What complicates the straightforward growth pattern, however, is that the JSTOR database 
(also shown in Figure 3) deviates from the other two data sets as articles about planetary boundaries 
peak in 2017 and then decline. The reason for the discrepancy is not clear. The total number of JSTOR 
articles is similar to ASP, 1,275 versus 1,214, although no analysis was conducted whether the two 
data sets included the same or different articles.

Fig. 3. Search results for ‘planetary boundaries’ from Academic Search Premier and JSTOR, 2009–2022.

Penetration of planetary boundaries into different academic disciplines

The next question concerns to what extent the planetary boundaries concept has been adopted by 
scholars in other academic traditions than in the Earth sciences, where it originated. The answer is 
that the concept is truly widespread. This determination is derived from the abstract-only data set 
from ASP and JSTOR.

The academic belonging of authors is based on their affiliation, as listed in each article. First, 
affiliation on the departmental level was recorded; subsequently, specific academic disciplines were 
reduced to 12 broader academic categories (e.g., political science and sociology are considered social 
sciences) and four non-academic categories. If no disciplinary belonging was listed (e.g., only a 
university), affiliation is considered ‘unknown.’ Moreover, authors occasionally list multiple affiliations, 
such as holding appointments at two universities. In such cases, only the first affiliation is used. Only 
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affiliations listed in the articles were considered; no attempt was made to assign academic affiliation 
through other sources. While some articles are single-authored, a majority have multiple authors; 
especially in the sciences, articles can have up to 30 authors. While the data includes only 280 articles, 
the research collectively represents the work of more than 1,000 scholars.

By academic convention, the first author of a publication is assumed to have made the most 
important contribution to the research. After that, additional authors contribute progressively less. 
This system has to be taken into account when assessing the importance of different scholars (and 
the academic discipline they represent) in research on planetary boundaries. The method to do so is 
Zipf’s Law, which is a mathematical expression employed in natural and social sciences to assign 
proportionality of things relative to their rank. It has previously been used in studies that quantify 
scientific output and collaboration (Perc 2010; Krawczyk & Malarz 2023). The progression is expressed 
as 1/n, where n equals the position a researcher has in the publication, a.k.a. the rank size rule2. Thus, 
the first author of each article is assigned a value of 1, the second author 0.5, the third author 0.33, 
the fourth 0.25, and so on.

Figure 4 shows that the adoption of planetary boundaries is widespread among academic 
disciplines. More than a quarter of the researchers represent natural sciences (depicted in blue). 
‘Sustainability and environmental studies’ (12%, rank-adjusted) are scholars from interdisciplinary 
academic units that focus explicitly on sustainability or the environment. For example, affiliation with 
the Stockholm Resilience Centre is placed in this category. The center has been important in the 
propagation of planetary boundaries, although only 15 of the 280 articles include one or more 
Stockholm Resilience Centre affiliated authors (in all, there are 30 such authors in the data set). That 
conclusion suggests that the concept is widespread beyond an ‘echo chamber’ of directly interconnected 
researchers. The ‘Environmental sciences’ category, with 13% of the scholarly output on planetary 
boundaries, are natural sciences that methodologically tends to be field research-based and have an 
overt focus on the environment (e.g., biology, physical geography, Earth science, climatology, 
oceanography), while the ‘Other sciences’ category (4%) include fields such physics, computer science, 
mathematics, and chemistry, with a lesser emphasis on environmental field research.

Fig. 4. The adoption of planetary boundaries by academic discipline.
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Perhaps surprisingly, ‘Engineering and technology’ occupies the individually largest share of planetary 
boundaries research, as 15% of the research is derived from that field. Common examples include 
chemical engineering research on alternative fuels and chemical industry processes. Research related 
to manufacturing, such as the auto industry, biotech applications, and energy systems, also plays an 
important role. One journal in particular (Journal of Clean Production) is a common outlet for research 
on planetary boundaries in engineering. Agriculture and plant sciences, as well as medical and public 
health research, make additional and substantial contributions to planetary boundaries. The two 
categories are interrelated through research on diets, food, and nutrition (therefore visualized 
together in red in Figure 4). Particularly agriculture plays a key role in the use and management of 
global natural resources and is thus central to the nine systems of planetary boundaries. This is 
reflected in the data with substantial research on plant agriculture, livestock, and soil quality.

Figure 4 also shows that the social sciences are almost as important an adopter of planetary 
boundaries as the natural sciences (23% of research comes from social science and related fields; in 
yellow). Research in political science (especially public policy), global studies, sociology, planning, and 
human geography have made important contributions. For example, themes in geographic research 
include spatial patterns of sustainable development, knowledge production, water resources, and 
bioenergy and land use. Articles by geographers have been published in geography-specific journals 
(Geographical Research, Geographical Compass, Antipode), geography-related journals (Environment and 
Society), geoscience journals (Journal of Geophysical Research), or broad science journals (PLOS One). Of 
particular note is six articles by British geographer Noel Castree, which assesses geography’s 
contribution to planetary boundaries research. Although not included in this study, at least one article 
in Fennia references planetary boundaries, in the context of green (de)growth (Halonen 2023).

Professional programs of the social sciences are particularly represented by business and 
economics, often publishing their planetary boundaries research in Ecological Economics. Legal 
scholars are interested in understanding how planetary boundaries can be applied in international 
and national legislation, corporate law, and the protection of indigenous people rights. Researchers 
outside academia also contribute to research on planetary boundaries, from non-profit and non-
governmental organization sectors (4%), government (2%), and corporations (2%). A few citations 
from popular press sources were captured by the otherwise academically focused ASP and JSTOR 
databases, and an additional 5% of the research comes from interdisciplinary research units, which is 
another indicator of the broad adoption of the concept.

The geographic diffusion of planetary boundaries

The 280 articles from ASP and JSTOR also show the geographic origin of the researchers. The same 
method was used—by affiliation and the rank size rule method to quantify the relative contribution of 
multiple authors. National origin of researchers was not used, only academic affiliation (e.g., any 
researcher employed by the University of Oxford was coded as ‘United Kingdom’). The result shows a 
distinct geographic pattern. European countries, as marked in blue in Figure 5, make up approximately 
two-thirds of research contributions. More specifically, there is a concentration in western and 
northern Europe. United Kingdom is the leading adopter of planetary boundaries (13% of affiliations), 
closely followed by Sweden (12%). The latter is a result of the concept originating at the Stockholm 
Resilience Centre. Approximately half of the Swedish citations are from scholars affiliated with that 
research institute. In general, the use of planetary boundaries is particularly strong in the Nordic 
countries (light blue shading), as both Finland and Denmark appear prominently in Figure 5. Additional 
European research often takes place in Western European countries such as Germany, Switzerland, 
and the Netherlands. The contribution from United States is lower than expected considering the 
prominence of U.S. academic research in general. Only 8% of planetary boundaries research originated 
in United States. Australia, less than a tenth in size, published almost as much planetary boundaries 
research as the U.S. Similarly, China—the quantitative leader in general academic output (Hyland 
2023)—only published 3% (as part of the Asia and Oceania category in Figure 5) of planetary boundaries 
articles. A smaller amount of research originated in Latin America, Africa, and other world regions. 
Explanations for these observations are offered in the discussion section.
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Citation count

Not all publications contribute equally to the diffusion of a concept. The common way to assess 
relative importance is how often an article is cited by others. Among the 280 articles, the mean number 
of Google Scholar citations in the dataset is 120, although there is a very high degree of variation, 
which affects the mean. The median citation count is, in fact, only 18. The aforementioned Rockström 
and colleagues (2009) that introduced the planetary boundaries concept emerges as a key publication 
with 7,469 citations. It is the second most cited article on planetary boundaries after Steffen and 
colleagues (2015), which was published in the leading journal Science and had 11,239 citations at the 
time of data collection. Steffen and colleagues proposed an update to the planetary  boundaries 
framework and how it should integrate new scientific advances, emphasized the importance of 
biophysical interactions across spatial scales, and added a two-tier approach with core-status assigned 
to the most important boundaries. The high degree of circulation of the article effectively diffused 
these extensions of the concept.

The top two articles had co-authors affiliated with the Stockholm Resilience Centre. Of the 10 most 
cited articles, four come from the Centre, which has been important to spread the concept, especially 
during the early years of 2009–2012. However, there are other points of diffusion, such as the third 
most cited article Liu and colleagues (2015) which was also published in Science and noteworthy 
because it is authored by 11 U.S.-based scholars. As a Level C publication (see ‘The usage of planetary 
boundaries’ section below), the article emphasizes sustainability in general, and how environmental 
challenges are often addressed separately, yet these interconnected systems should be managed in 
an integrative way, and the planetary boundaries framework is one way to do so. For diffusion in the 
social sciences and economics, the journal Ecological Economics plays an important role; its articles (19 
in all) often had a citation count in the 100-300 range.

Fig. 5. The adoption of planetary boundaries by geographic location of researchers.
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Planetary boundaries growth compared to other sustainability concepts

To assess the planetary boundaries’ path of adoption compared to other sustainability concepts, a 
search on ‘Anthropocene’ and ‘ecological footprint’ using Google Scholar was compared to the search 
results conducted for planetary boundaries (previously visualized in Figure 2). The temporal start 
point varies as the three concepts emerged at different times. The first year of the ecological footprint 
is 1994, while Anthropocene dates from 2002. All three concepts followed a trajectory of increasing 
attention on a year-by-year basis. In 2022, the ecological footprint yielded 13,100 search results and 
Anthropocene 39,800, which can be compared to 7,760 for planetary boundaries. Planetary boundaries 
are still lagging behind the other concepts, but as the most recent among the three, that is expected.

The Anthropocene has a faster growth trajectory than the ecological footprint and surpassed it, as 
measured by search results, in 2014. The adoption of planetary boundaries is tracking the faster path 
of Anthropocene rather than the ecological footprint. Figure 6 compares the three concepts from Year 
1 to Year 14, where Year 1 indicates the first time the concept appears (1994, 2002, 2009, respectively). 
The trend lines show the similarities between Anthropocene and planetary boundaries, although the 
former accelerated more quickly after approximately a decade. It is possible that the slower trajectory 
of the ecological footprint is due to a smaller global academic world in the 1990s; hence fewer search 
results may be expected then. However, that explanation is challenged by how this flatter growth 
trend only extends until 2020. After that, there is a renewed interest in the ecological footprint concept 
from 2020–2022, with a 47% increase in search results during the last two years. 

Fig. 6. Google Scholar search results of ‘Anthropocene,’ ‘ecological footprint,’ and ‘planetary boundaries’ 
from year of conceptual inception.
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Using the smaller sample size Academic Search Premier (full-text search), results indicate that 
planetary boundaries actually outperform the other two concepts during the first nine years. 
Subsequently, Anthropocene enters an acceleration phase, which was also evident in the Google 
Scholar data. The ecological footprint growth trend is similar to planetary boundaries, but with fewer 
absolute number of articles. During the last decade, the pattern of growth for Anthropocene and 
planetary boundaries is faster than the ecological footprint. Much like the Google Scholar results, 
though, the ecological footprint, which plateaued around 2009–2019, has had a resurgence in recent 
years. However, its overall popularity is lower than the Anthropocene and similar to planetary 
boundaries.

The usage of planetary boundaries
Lastly, a content analysis of the ASP and JSTOR abstracts investigate how researchers incorporate 
planetary boundaries into their research, utilizing the three levels introduced in the Method section. 

Level A

A smaller number of articles (31) were designated as Level A, articles with a very high level of 
engagement with the concept. In such articles, planetary boundaries play a dominant role. Typically, 
they assess, critique, or refine the concept; or they compare and contrast it with other concepts.

The most common engagement is when planetary boundaries are integrated with a second (or 
occasionally a third) concept. The objective can be to strengthen the planetary boundaries framework 
and to make it more robust, or to compare and contrast how different concepts address environmental 
problems. This includes concepts such as life cycle analysis, the UN sustainable development goals, 
ecological footprints, and the UN human development index. At times, article authors develop a new 
framework as an outcome of a conceptual merger. The purpose of such research is to advance new 
or improve existing conceptual or theoretical models. For example, Baum and Handoh (2014) suggest 
that global catastrophic risk models, which emphasize threats to human societies, can be integrated 
with planetary boundaries into a unified conceptual framework.

The ways in which planetary boundaries are operationalized matter. Hjalsted and colleagues (2020) 
discuss how to operationalize planetary boundaries as a tool for decision-making support. The 
aforementioned integration of two or more concepts also aims to improve their usefulness from a 
policy-making perspective. Policy advances can be on different scales, from regional entities like the 
European Union integrating planetary boundaries into their policy documents, to calls for using 
planetary boundaries in international law (Fernández & Malwé 2019). In fact, the scale issue looms 
large in much analysis of planetary boundaries. There is a need for local particularities to be recognized 
further (Drees et al. 2021). For example, water management must take place on local, regional, or 
watershed levels as thresholds, a key feature in planetary boundaries, loose much of their relevance 
on the global scale (Bjørn et al. 2020). At the same time, spatial interactions are important; e.g., the 
virtual water concept, which recognizes that ‘hidden’ water is used throughout the entire production 
chain of goods and services and indirectly by end consumers somewhere else in the world.

Some Level A articles utilize the case study method. This is common in agriculture-related research, 
from livestock as a key driver in transgressing planetary boundaries to water use in vegetable farming. 
Meta-analyses show how agriculture affects all of the nine boundaries, while other articles narrow the 
analysis to fewer boundaries. Occasionally, research rejects elements of the planetary boundaries 
framework all together. Such as the ontological critique of the concept by Hanekamp (2016) who calls 
the comprehensive understanding of safe operating spaces utopian and unworkable. Other critiques 
focus on individual boundaries (such as chemical pollution) as too imprecise, and they cannot be 
represented comprehensively as one planetary boundary (Persson et al. 2013). In sum, the type of 
research embodied by Level A articles plays an outsized role in generating knowledge; yet, quantitatively 
fewer research articles tend to be of this character. 
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Level B

A significant number of articles (79) use planetary boundaries on Level B, a medium level of engagement 
with the concept. In this type of research, planetary boundaries, focusing on everything from a single 
boundary to all nine, contribute a major theoretical framework in the investigation of specific 
environmental topics. One approach is to calculate the parameters of staying within the boundaries, 
such as changes to diets, agricultural systems, reduction in emissions, or through processes such as 
corporate sustainability reporting (Erlandsson et al. 2023). For example, Ehrenstein and colleagues 
(2020) employ planetary  boundaries to evaluate the supply chain of hydrogen as a sustainable 
transportation fuel. On the other hand, some research suggests that specific economic activities 
contribute to the transgression of planetary boundaries. Other investigations focus on social policies, 
such as universal basic income or right-to-food (Heesterman 2017; Büchs 2021) and what the 
implications are for planetary boundaries. Much like A level articles, scale plays an important role 
where local and regional outcomes are investigated.

Other Level B articles focus more explicitly on planetary boundaries as a topic of research, but only 
as one concept among others. Articles on life cycle analysis are especially numerous where authors 
argue that planetary boundaries should be included in life cycle analysis, but in a subservient rather 
than a leading role. Another concept of relevance is Absolute Environmental Sustainability 
Assessment—a method that determines whether a product, process, or system is environmentally 
sustainable—by comparing environmental impacts to established planetary boundaries (Guinée et al. 
2022). To advance policy, some articles ‘translate’ boundaries to needed emission reduction targets, 
or investigate the potential of regional green policies to stay within safe operating space (Tilsted et al. 
2021). On the global scale, research redefines sustainable development to exist within planetary 
boundaries or investigate the United Nations’ millennium goals through the lens of planetary 
boundaries (Folke et al. 2011). Most Level B research tends to be empirical rather than conceptual, but 
some research addresses how planetary boundaries fits into degrowth theories or the Anthropocene 
(Castree 2014).

Level C

Most articles (182) are classified as Level C where the concept plays a modest role for the research 
question in the article. Here, planetary boundaries are used as a background concept. For example, 
Cash-Gibson and colleagues (2023) develop a conceptual framework for sustainable well-being in 
cities, but planetary boundaries are only a background idea that supports the main premise, urban 
sustainability. Authors may conclude that their study indicates the staying within boundaries or (more 
frequently) transgressing them. Such conclusions are rarely based on the original research, a 
proposition that is quantitatively assessed; rather, deduced from secondary sources. Topics of 
research among the Level C articles largely mirror those on the B-level, such as food systems, livestock 
and plant-based agriculture, dietary impacts, soil and nutrients, and bioenergy. A common type of 
application of planetary boundaries can be found in Alloul and colleagues (2019, 138), who preface 
their research with “nutrient losses in our food chain severely surpass our planetary boundaries” but 
subsequently employ methods from bioscience engineering to their project of using wastewater for 
animal feed. The usage of planetary boundaries only supports the ‘big picture’ relevance of the study.

A surprisingly large number of research articles deal with conceptual issues, including ‘competing’ 
theories to planetary boundaries, such as sustainable development goals, ecological footprints, 
degrowth, and the Anthropocene. In these cases, planetary boundaries do not occupy a leading role; 
it is one among many concepts under scrutiny, or it is a way for authors to frame their research 
around an important and increasingly accepted concept rather than engage with, challenge, or move 
planetary boundaries thinking forward. Water resource issues, environmental governance, and 
industrial processes also loom large. The application of new technology in fields such as energy and 
transportation is sometimes portrayed as solutions to stay within the boundaries. The larger number 
of research articles on Level C signal the strength of the concept. It is commonly accepted to use 
planetary boundaries as a reference point in research that addresses environmental crises. It is a 
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natural development where planetary boundaries have diffused sufficiently so that researchers in 
multiple fields adopt it as a foundational principle to situate their research.

Discussion and conclusion
The planetary boundaries concept has emerged as highly inter-disciplinary. The data reveals that it is 
not just limited to the environmental sciences, but has been found to be useful to researchers in a 
wide range of fields, such as engineering, health, agricultural sciences, social sciences, as well as in the 
public and private sectors. Geographically, planetary boundaries tend to be Eurocentric. There is a 
distance effect in its adoption. The data shows a concentration of research near the hearth of the 
concept in Sweden. Researchers in Nordic and western Europe are most likely to contribute to 
planetary boundaries research. The adoption of the concept in North America has lagged behind. 
Grieger, Hill and Leontyev (2022) offer one insight as to why that is. Based on a survey of university 
chemists in the United States, they conclude that most faculty were unfamiliar with the planetary 
boundaries concept and its integration into course curriculums were correspondingly low. The reason 
for this may be that research networks play a role. Distance matter; one is more likely to hear about 
a concept when in proximity, or connections and collaboration among scholars are forged in proximity. 
This conforms to a geographic axiom referred to as the first law of geography—near things are more 
related than distant things (see Sui 2004). Here, that means places that are close tend to have similar 
cultural and political environments that make them likely to adopt similar ideas, such as planetary 
boundaries. At the same time, planetary boundaries exist beyond Cartesian space. The spatiality of 
nearness and farness based on how researchers have been socialized into understanding the 
planetary boundaries as an important concept, or alternately not recognizing its existence, may be 
equally important to patterns of diffusion. For example, geographically distant Australian researchers 
are more likely to engage with planetary boundaries than American researchers.

There are parallels in earlier studies that can explain differences between European and American 
scholarship. Tight (2007) states that higher education research in North America and elsewhere in the 
world are largely separate. Further, he concludes that higher education research in North America 
tends to be inward-looking. Journals in United States contain mostly research conducted by American 
scholars, citing domestic research, while journals based elsewhere in the world is more geographically 
diverse in authorship and citation patterns (Tight 2014). Both Akbaritabar and Barbato (2021) (also in 
higher education studies) and Morawska (2008) (in research on immigration and ethnicity) recognize 
that American and European research is thematically different, partly explained by different funding 
structures (e.g., European Union or state agencies). Kwiek (2021) also stresses the importance of the 
European Union in that its funding favors co-authorship from multiple countries—in fact, Europe is a 
world leader in international research collaborations—and under such circumstances the diffusion of 
knowledge spreads more easily within Europe. Kwiek also recognizes the role of geography: such 
collaborations are made easier in a relatively compact world region with high internal mobility. 
Current studies also indicate, which is of relevance to the planetary boundaries case, that greater 
interdisciplinary exchange of scientific knowledge tends to enhance diffusion (Yan 2015).

European countries are often at the forefront of applying climate change-related science in 
policymaking (e.g., Cifuentes-Faura 2022). European scholars’ emphasis on planetary boundaries may 
be affected by the propensity for relatively progressive environmental policy-making, and vice versa. 
In fact, planetary boundaries have been incorporated into the European Union’s legal framework, and 
even included in United Nations documents (Fernández & Malwé 2019). Recommendations by the UN 
may filter to local and national policy-making more effectively in Europe than in the U.S. (e.g., Agenda 
21 and UN Sustainable Development Goals) which also influences the two-way relationship science 
and environmental policy.

What about the rest of the world? The results here indicate that scholars based in less developed 
countries are less likely to publish research on planetary boundaries. However, the databases used in 
this paper are English-language focused, which undoubtedly skew the results and underestimate 
contributions from places like China, Latin America, and non-Anglo Europe. Akim, Silva, and de Fario 
(2025) previously acknowledged that compiling planetary boundaries research via leading, 
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international databases omit studies published in non-English languages. At the same time, there is 
no easy way to address linguistic biases; in fact, it is common that research simply acknowledges that 
non-English research is omitted from the study (e.g., Salinas-Velandia et al. 2022; Pham et al. 2024). 
Some non-English language research is included in the Academic Search Premier and JSTOR databases, 
but only if the papers had an English-version abstract. The low level of Chinese research may be partly 
explained by that. European research from France, Switzerland, and Germany also publish in 
languages other than English, according to van Leeuwen and colleagues (2001), which can arguably be 
extended to scholarly work from countries like Spain and Italy, and likely underrepresented. As noted 
earlier in the paper, English dominates as the lingua franca of scholarly work, which means that the 
most effective diffusion of ideas are captured by the databases used in this paper. Yet, knowledge 
production through conceptual development is also accomplished elsewhere, but systematically 
devalued and disenfranchised through global linguistic conventions (Fregonese 2017; Kallio et al. 
2021). Nevertheless, the dominance of European research over United States in this study is unlikely 
to be the outcome of a geographically skewed sample of articles, as all three databases employed are 
U.S.-based.

The planetary boundaries concept has been established as a significant framework to understand 
environmental change. Compared to the Anthropocene, planetary boundaries are not as widespread, 
yet following a similar growth trajectory. While Google Scholar and the specialized academic databases 
show slightly different results, the general conclusion is that Anthropocene experienced a take-off 
after approximately a decade. Planetary boundaries grow steadily, but not yet exhibiting the same 
accelerating pattern. The ecological footprint is more popular than planetary boundaries as of 2022, 
but may have plateaued (according to ASP) or experienced steady but modest growth (as suggested 
by Google Scholar). The different results could be explained by the narrower research article focus of 
ASP compared to Google Scholar. For example, the ecological footprint has pedagogical applications 
as it can be scaled from the global to the individual level. As such, it has become a mainstay in 
environmental science and sustainability textbooks and in environmental communication aimed at 
the public. Planetary boundaries may take different paths in the near future—a take-off, steady 
growth, or potentially falling out of favor.

Organizing articles from Level A-C show less research with a high level of engagement with the 
planetary boundaries concept and more research with a low level of engagement. This is logical as 
planetary boundaries have diffused sufficiently so that multiple academic fields have adopted it as a 
foundational principle for their research. Research included in this article advances the planetary 
boundaries concept in multiple ways: making it more scale sensitive rather than solely a global 
phenomenon, integrating it with other sustainability concepts, investigating how it can inform policy, 
and utilizing case studies to offer more details on staying within or transgressing boundaries.

There are multiple ways to further study planetary boundaries as a scientific concept. First, how are 
planetary boundaries used in scholarly work? This article has added to that understanding but 
additional content analysis is desirable. In-depth content analysis can explore the intellectual 
development of planetary boundaries, which is relevant to understand the concept’s emerging role in 
the history of science. Such research would build on Biermann and Kim (2020), who investigated the 
influence of the planetary boundaries concept on key bodies of literature. Second, one can further 
explore the temporal dimensions of diffusion. How has the use of planetary boundaries spread 
geographically, and across academic disciplines, over time? The data in this research do not fully 
connect the temporal dimension of geographic and academic dispersion. Such knowledge is relevant 
as the time-space dimension is important to understand the spread of important ideas, either through 
the spatiality of nearness and farness or through classic diffusion processes. Third, network analysis 
can explore which articles and authors have been influential in the spread of planetary boundaries 
through connections in citations. The work of Valente (1995) on network analysis of diffusion 
processes, or tracing knowledge diffusion in science as modelled by Chen and Hicks (2004) are 
approaches that can supplement the descriptive statistics used here. Such research is relevant as it 
has the potential to understand the planetary boundaries’ integrative role in bringing scientists from 
various academic backgrounds together to understand global environmental change. Fourth, 
following Biermann and Kim’s (2020) observation that planetary boundaries research has suffered 
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from the lack of perspectives from the developing world, it is also possible that non-English research 
exhibits different patterns of diffusion compared to articles that are published in journals that circulate 
through leading indices. Khanna and colleagues (2022, 927) write that the “citation patterns [from 
excluded research in both the Global South and the Global North] need to be mapped to learn about 
how this work interacts beyond this set of journals.” For example, writing about planetary boundaries 
in a Finnish context positions the concept as part of a Finnish conversation related to national 
sustainability transitions, academic interdisciplinary debates, and societal debates. Hence, the concept 
becomes localized, interpreted, and used differently than in an international context. Fifth, how does 
the planetary boundaries concept inform public policy? Such previous research includes McLaughlin 
(2018), Zipper and colleagues (2019), and Li and colleagues (2020), but fruitful additional research may 
use qualitative case studies, such as the Amsterdam example in the introduction, which could provide 
richer and nuanced perspectives on how the connection between scientific concepts and policy 
developments are intertwined locally, regionally, and globally.

Notes
1 There are other alternative or additional databases that could be used, such as the prominent 
Scopus. However, Scopus was not available at the time of research due to the lack of a subscription 
by my university.
2 Arguably the best-known application of the rank size rule is to illustrate hierarchies of cities and their 
position in national urban systems.
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