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Abstract: Phosphorus (P) is one of the three essential nutrients (together with nitrogen, phosphorus and potassium) for plant growth
on earth. It is also an important non-renewable non-mental mineral resource. With the economic development and population
increase, phosphorus scarcity has become one of important global challenges to the sustainability of agriculture, economy and
environment. To analyze the disturbances of human activities to phosphorus flows, extensive researches have been carried out to
simulate the anthropogenic-centered phosphorus flows within socioeconomic systems and sub-systems. This paper reviewed the
recent progresses of phosphorus flow analysis, identified the characteristics of and insufficiency of scopes for existing studies, and
projected future hotpots and developments for phosphorus flow analysis. According to the scales of defined socioeconomic systems
(or sub-systems) for phosphorus flow analysis, existing studies could be categorized into four groups: global level, national (or
multi-national) level, regiona or city level, as well as enterprise or product level. Presently, mostly studies were performed at the

global level or national (multi-national) level, while few were performed at regional/ city level, or enterprise/ product level. So far,
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more than 15 countries (including multi-national regions) have carried out phosphorus flow analysis, most of which focused on the
disturbances of agriculture or food production and consumption for phosphorus flows. Besides, a few studies examined the
disturbances of forestry, iron and steel production and energy sector for phosphorus flows and the potential for increasing the
phosphorus use efficiencies in these sectors. Since current studies mostly developed static models to analyze the changes of
phosphorus flows, few models were dynamic with a consideration of the long-term changes of phosphorus stocks. Less study
considered the combination of classic methods or tools in ecological industry, such as life-cycle analysis, input-output analysis, and
etc., with material flow analysis or substance flow analysis (MFA or SFA). In future, there are five aspects or topics which would be
the hotpots for further researches: (1) the dynamic simulation of phosphorus flow with consideration of the long-term changes of
important driving forces (such as population, diet change, bioenergy development, and etc.) and phosphorus stocks; (2) phosphorus
footprint analysis of economic development at various sectors or scales; (3) the criticality of phosphorus for social and economic
development, compared with other important elements (such as metals or rare earth elements); (4) the vulnerabilities of phosphorus
of different sectors to global changes (particularly climate change); and (5) the coupled flow analysis between phosphorus and other
important elements (such as carbon, nitrogen, or metal elements) for social and economic development. To meet the research
demands in future, it is necessary to develop a dynamic phosphorus flow model and to combine the traditional material flow analysis
with other evolving tools and models in industrial ecology as well as in other disciplines, including economic model, input-output
analysis, life-cycle analysis, network analysis, computable genera equilibrium model, agent-based model, and etc. to project the
impacts of global changes, socio-economic development, technology innovation on phosphorus flows and resulting environmental

impacts.
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Table 1 A review of global phosphorus (P) flow analysis
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Table 2 A review of phosphorus (P) flow analysis at regional or national level
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