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“On a mathematical theory of sustainability 

assessment and decision making “ 
ABSTRACT 

Sustainability assessments of an entity, be it a nation, a city, an energy or a 

transportation system etc., rely on data to evaluate human welfare and environmental 

integrity. Each of these two fundamental components is a combination of more 

specialized indicators organized into various hierarchical levels. For example, the 

human dimension of sustainability encompasses socio-economic, technological and 

political aspects which are further elaborated using different groups of indicators. 

Most assessment models normalize indicators from their physical domains into a 

common interval representing a range from the lowest to the highest levels of 

sustainability. Most aggregation models utilize simple linear or geometric 

expressions to arrive at numerical values ranging from zero to one. Other approaches 

employ fuzzy reasoning or multicriteria techniques to do the same. However, no 

general theory has been developed to model sustainability assessments.  

 

In this talk such a theory will be presented based on certain intuitively appealing 

postulates. These postulates lay the mathematical foundations of a sustainability 

theory and lead to a simple model based on shifted geometric means combining basic 

sustainability indicators into an overall index. The model has a number of desirable 

properties and generalizes the commonly used weighted arithmetic and weighted 

geometric means. The model is augmented with a sensitivity analysis which 

pinpoints those indicators with the highest potential of improving sustainability, 



thus, providing decision-makers with an important tool to aid policies. Applications 

include sustainability assessments of countries, cities, energy, transportation, 

agriculture and corporations. Rankings and sensitivity analyses occasionally reveal 

surprising results such as unexpectedly low rankings of highly developed countries 

which demonstrate that sometimes development has no robust foundations. 
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