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Sustainability requires living within the regenerative capacity of
the biosphere. In an attempt to measure the extent to which
humanity satisfies this requirement, we use existing data to
translate human demand on the environment into the area re-
quired for the production of food and other goods, together with
the absorption of wastes. Our accounts indicate that human
demand may well have exceeded the biosphere’s regenerative
capacity since the 1980s. According to this preliminary and explor-
atory assessment, humanity’s load corresponded to 70% of the
capacity of the global biosphere in 1961, and grew to 120% in 1999.

Accounting for Humanity’s Use of the Global Biosphere

The human economy depends on the planet’s natural capital,
which provides all ecological services and natural resources.

Drawing on natural capital beyond its regenerative capacity
results in depletion of the capital stock. Through comprehensive
resource accounting that compares human demand to the bio-
logical capacity of the globe, it should be possible to detect this
depletion to help prepare a path toward sustainability.

The purpose of this study is to develop such an accounting
framework, and to measure the extent of humanity’s current
demand on the planet’s bioproductive capacity. We build on
many earlier attempts to create comprehensive measures of
human impact on the biosphere. For example, Vitousek et al. (1)
used consumption estimates to calculate humanity’s appropria-
tion of the biosphere’s Net Primary Productivity (NPP). They
concluded that the human economy co-opted organic material
equivalent to 40% of the NPP of terrestrial ecosystems in 1980.
Odum developed a conceptual basis for accounting for energy
flows through ecosystems and human economies, but did not
produce overall accounts (2). Fischer-Kowalski and Hüttler (3)
advanced the concept of ‘‘societal metabolism,’’ using material
f low analysis as a macro indicator for the environmental per-
formance of societies. The Global Environment Outlook 2000 (4)
and World Resources 2000–2001 (5) describe human impacts on
various ecosystem types in detail, but both reports lack an
aggregated summary of the impacts. Others have analyzed the
integrity of subcomponents of the biosphere, such as carbon
cycles (6), freshwater use (7, 8), and the nitrogen cycle (9), have
assigned approximate monetary values to the ecological services
that humanity depends on (10), or established frameworks for
monetary natural capital accounts for nations (11).

This preliminary and exploratory study demonstrates an ag-
gregated approach to natural capital accounting in biophysical
units. A wide variety of human uses of nature are identified,
measured, and expressed in units that enable direct comparison
of human demands with nature’s supply of ecological services.

The calculation results and annotated spreadsheet for 1999 are
published as supporting information on the PNAS web site,
www.pnas.org.

Our global accounts build on assessments of the ‘‘ecological
footprint’’ of humanity (12, 13). Such assessments are based on
six assumptions:

1. It is possible to keep track of most of the resources humanity
consumes and the wastes humanity generates.

2. Most of these resource and waste flows can be measured in
terms of the biologically productive area necessary to main-
tain these flows (those resource and waste flows that cannot
are excluded from the assessment).

3. By weighting each area in proportion to its usable biomass
productivity (that is, its potential production of biomass that
is of economic interest to people), the different areas can be
expressed in standardized hectares. These standardized hect-
ares, which we call ‘‘global hectares,’’ represent hectares with
biomass productivity equal to the world average productivity
that year.

4. Because these areas stand for mutually exclusive uses, and
each global hectare represents the same amount of usable
biomass production for a given year, they can be added up to
a total representing the aggregate human demand.

5. Nature’s supply of ecological services can also be expressed
in global hectares of biologically productive space.

6. Area demand can exceed area supply. For example, a forest
harvested at twice its regeneration rate appears in our
accounts at twice its area. This phenomenon is called ‘‘eco-
logical overshoot’’ (14, 15).

Thus, the ecological impact of humanity is measured as the area
of biologically productive land and water required to produce the
resources consumed and to assimilate the wastes generated by
humanity, under the predominant management and production
practices in any given year. Not only human demand on nature,
but also nature’s supply changes over time because of innova-
tions in technology and resource management, changes in land
use, and cumulative damage of past impacts.

We recognize that reducing the complexity of humanity’s
impact on nature to appropriated biomass offers only a partial
assessment of global sustainability. It is a necessary, but not
sufficient, requirement that human demand does not exceed the
globe’s biological capacity as measured by our accounts.

The Impact Components
Our accounts include six human activities that require biologi-
cally productive space. They are (i) growing crops for food,
animal feed, fiber, oil, and rubber; (ii) grazing animals for meat,
hides, wool, and milk; (iii) harvesting timber for wood, fiber, and
fuel; (iv) marine and freshwater fishing; (v) accommodating
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