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TRANSLATING EARTH SYSTEM BOUNDARIES FOR CITIES AND BUSINESSES: PRINCIPLES AND 
PROTOCOL 

1 Selection of literature 

The literature review focuses on the sharing approaches used within a top-down allocation of 
environmental resource(s), budgets or ‘safe operating space’, predominantly associated with 
the planetary boundary framework. Many of these works were drawn from the life cycle 
analysis literature seeking to examine environmental sustainability of anthropogenic systems 
relative to their allocated shares of Earth’s resources. The references were selected through 
a literature review of the available peer-reviewed publications of primary studies and existing 
review papers;  and reports commissioned by supra-national agencies and governments. 
The search engine used in the selection process was Google Scholar.  

Complemented by keyword searches on Google Scholar to identify the initial set of 
publications, we used ‘snowballing’, that is, (i) following up papers from reference lists from 
these initial publications as identified by the search terms, and (ii) for each initial publication 
identified, following up articles listed in its citation list as reported in Google Scholar to 
identify more recent studies. Complementing keyword searches with snowballing is a 
commonly used approach to identify additional relevant studies e.g.1–3. Only papers with clear 
methods for cross-scale allocation of environmental resource(s), responsibilities for 
reductions, safe operating space or similar terms are included, rather than those pertaining 
to benchmarking and monitoring analyses. This process led to identification of 40 emerging 
studies spanning the different biophysically defined boundaries across multiple scales, and 
involving the varying types of decision-making agents and social actors. Finally, we also 
received assistance on the identification of the literature from members of Earth 
Commission, who kindly provided us with suggested papers on the topic. 

  

2 Structured deliberation process 

To develop the set of translation principles, we designed and conducted a simplified Delphi-
inspired process to structure the expert deliberation. The Delphi technique is an iterative, 
multi-stage process based on a series of simple questionnaires that are filled out by each 
individual expert1. The results from each round of individual responses feed into follow-up 
group discussions, with multiple possible iterations. 

In our study, we used a Delphi-inspired process to gain common understanding of a 
preliminary set of principles, sharpening the definitions, formulating ideas for 
operationalisation, and building consensus. We held three workshops with experts of the 
Working Group. Inputs from the first round that was held in November 2020 were compiled 
and synthesised, and these were then used to inform discussions in subsequent workshops 
held in April 2021 and September 2021. The iterations (over three rounds of workshops) 
served to reach consensus and enrich the final set of principles.  
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