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Abstract: The Ecological Footprint (EF) method, originally developed by Wackernagel and Rees in the mid 1990s, is a
useful approach to determine human sustainability. EF can measure human demand on bioproductive land area that is
required to support resource demands of a given population or specific activities, and identify whether natural assets have
been overly exploited. The aim of this paper is to elaborate and analyze the progress of EF modeling and methods in recent
research. First, we explain the basic EF model and the concepts of ecological footprint, biological capacity, ecological
remainder and ecological deficit. Second, we comment on major defects and controversies of the basic model. One example
of this is the assumption that biologically productive land use types are a mutually exclusive, partial index of the ecological
accounting, which overlooks the complexity of land quality or ecological function and ignores the influence of socioeconomic
factors on the productivity of land. More importantly, we discuss evolution and modification of the EF model in recent years,
which includes three aspects: parameter adjustment ( equivalence factor and yield factor) , item calculation (energy land,
cropland, fishing ground, and built-up land), and accounting extension ( carbon footprint, water footprint, pollution
footprint, and ore resource footprint). Third, after introducing the two main conventional EF methods (the compound and
component-based approaches) , we comment on EF methodology improvement hased on life cycle assessment (LCA) , input-
output analysis, three-dimensional modeling, net primary productivity, emergy theory, time series analysis, and others. Key
issues from the method review are as follows. (1) The LCA method can be applied to the EF of a final product. LCA-EF has

the advantage of detail, as individual product types and even brands can be analyzed, with the general disadvantage of
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lacking complete upstream coverage of the production chain. (2) The main advantage of input-output based EF analysis lies
in its unambiguous and consistent accounting of all upstream life-cycle impacts and good availability of expenditure data that
permit fine spatial, temporal and socioeconomic breakdown of consumption footprints. (3) The 3D EF model can help
distinguish between the use of natural capital flows and the depletion of natural capital stocks, while maintaining the
structure and advantages of the classical EF formulation. (4) Basing bioproductivity calculations on Net Primary Production
(NPP) is a promising approach that provides an explicit link between human consumption and ecosystem services. EF-NPP
relates land overuse to land productivity, whereas the overshoot measured by the EF alone results in essence from a
translation of carbon dioxide emissions into virtual land. (5) The EF approach based on energy provides a method by which
it is not necessary to consider equivalence factors that are controversial in the accounting of conventional EF. However, the
transformity for products or processes is difficult and uncertain because of the complexity of ecosystems, which affects the
reliability of conclusions at high levels of detail. (6) Time-series footprint studies can show the benefits and pitfalls of
previous practices and illuminate the effects of economic/demographic growth on EFs via historical analysis. Finally, future

research directions are presented, with an aim to inform EF research in China.
Key Words: ecological footprint ( EF) ; biological capacity ( BC) ; model modification; method improvement
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