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PeterM.Vitousek,PaulR.Ehrlich,AnneH.Ehrlich,andPamelaA.MatsonHomosapiensisonlyoneof

perhaps 5-30 million animal

species on Earth (e.g., Erwin
1982), yet it controls a disproportion-
ate share of the planet's resources.
Evidence of human influence is every-
where: land-use patterns are readily
visible from space, and the concentra-
tions of carbon dioxide, methane, ni-
trous oxide, and other trace gases in
the atmosphere are increasing as aconsequenceofhumanactivities.Hu-
man beings are mobilizing a wide

array of minerals at rates that rival or
exceed geological rates.Weexaminedhumanimpactonthe
biosphere by calculating the fraction
of net primary production (NPP) that

humanshaveappropriated.NPPis

the amount of energy left after sub-
tracting the respiration of primary
producers (mostly plants) from the
total amount of energy (mostly solar)

thatisfixedbiologically.NPPpro-

vides the basis for maintenance,
growth, and reproduction of all het-
erotrophs (consumers and decompos-
ers); it is the total food resource onEarth.WeareinterestedinhumanusePeterM.Vitousekisassociateprofessorofbiologicalsciences,PaulR.Ehrlichispro-
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ofthisresourcebothforwhatitim-

plies for other species, which must use
the leftovers, and for what it could
imply about limits to the number of
people the earth can support.

Throughoutthisanalysis,wetreatNPPastheprocessresponsiblefor

input of organic material and calcu-

late human uses as output. In most
cropland, input and use (harvesting)
occur in the same year. In a given area
of forest or other ecosystems domi-

nated by perennials, however, hu-
man-caused output can temporarily
exceed NPP input (in the year a forest
is harvested, for example). If the spa-

tialscaleislargeenough,wecan

nevertheless calculate the fraction of

forestNPPusedbyhumansasthe

amount of organic material humans

harvest or destroy divided by the totalNPPofforestsworldwide.Wecalculatedhumaninfluencesinthreeways.Ourlowestimateissim-
plytheamountofNPPpeopleuse

directly-as food, fuel, fiber, or tim-
ber.Ourintermediateestimatein-

cludes all the productivity of lands
devoted entirely to human activities

(suchastheNPPofcroplands,as

opposed to the portion of crops actu-
allyeaten).Wealsoincludeherethe

energy human activity consumes,

such as in setting fires to clear land.
Our high estimate further includes
productive capacity lost as a result of
converting open land to cities and
forests to pastures or because of de-
sertification or overuse (overgrazing,
excessive erosion). The high estimate
seems a reasonable statement of hu-

man impact on the biosphere.
The substantial international effort

that has gone into understanding hu-maneffectsontheglobalcarboncycle
greatly contributed to our calcula-
tions. Fossil fuel combustion is cur-

rently the primary cause of rising Icarbon dioxide levels in the atmo-

sphere, although the importance of
land clearing and forest regrowth as a
source or sink of carbon dioxide is
still being debated (Bolin 1977,
Broecker et al. 1979, Houghton et al.
1983). Efforts to resolve this issue
have produced massive reviews and
compilations of data on global NPP,
organic matter storage, land use, and
land conversion rates (Ajtay et a!.
1979, Armentano and Loucks 1984,
Houghton et a1. 198.3, Olson et al.
1983). In addition to these sources,

weusedtheFoodandAgriculture

Organization's (FAO) summaries of

agriculture and forestry (FAO 1982,
1983, 1984).Forourcalculations,weuseapeta-
gram (Pg) of organic matter, equiva-
lent to 1015 grams or 109 metric tons,
as our basic unit of measure. Where

our sources express results in terms ofcarbon,wehaveconvertedtoorganic
matter by multiplying by 2.2 (see
Olson et al. 1983); where they usekilocalories,wehaveconvertedtodryorganicmatterbydividingbyS.We
have also rounded all our estimates

and generally accepted intermediate
or conservative (rather than extreme)
estimates from the literature.

Global primary production

Several ecologists have attempted to
calculate NPP on a global scale b\
classifying the earth's land surface
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InW biomes or other functional units

.lOd then using a few detailed mea-
,llrements of above- and below-

~round productivity within each bi-
ome(Ajtayetal.1979,Liethand

Whittaker 1975, Whittaker and Lik-ens1973).Weusethecalculationsof
,-\jtay et al. (1979), which yield a
biomass of 1244 Pg and an annual

~PPof132.1Pg(Table1),asthe

basis for our discussion because they
classify land use in detail. Their over-
all values for terrestrial productivity.HenearlvidenticaltothoseofOlson
et al. (1983), but the former's esti-
mate for forest biomass may be high.
Successive revisions of forest biomass

information have yielded decreasing
estimates (Brown and Lugo 1984, Ol-
son et al. 1983). Additionally, all the
summaries may underestimate the

magnitude of belowground NPP. For
NPP in marine and freshwater ecosys-tems,weuseDeVooys's(1979)esti-
mate of 92.4 Pg (Table 1). The esti-
mate for marine systems may be low

because the production of extremely
small phytoplankton may have been
systematically excluded by the widely

usedcarbon-14method(Lietal.

1983).

The low calculationOurlowcalculationsimplyestimates
how much organic material is used

directly by people or domestic ani-
mals (Tab]e 2).

Humanconsumptionofplants.We

assumed a current human population

of 5.0 billion people and an average
caloric intake of 2500 kcallperson/
day (FAa 1980). These assumptions
yield an annual consumption of 0.91
Pg of organic material. Approximate-
ly 17% of the calories people con-
sume (and 33% of the protein) derive
from animal products (FAa 1983),

sowecalculatethathumansdirect-

ly consume 0.76 Pg of vegetable
material.Alternatively,wecancalculatethe
global production of human food.

The annual grain harvest in the early
and mid-1980s has been about 1.7 Pg
(FAa 1983, USDA1984), about two-
thirds of which (1.1 Pg) is intended
for direct human consumption and
about one-third for livestock feed.
The water content of harvested grainaveragesabout20%(Speddingetal.
June 1986
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Table 1. Surface area by type of cover and total net primary production (from Ajtav etal.1979andDeVooys1979).
-- --- ,-- - ---, -- - -,.~- -,. ---

Type

Forest

Woodland, grassland. and
savanna

Deserts

Arcric-alpine
Cultivated land
Humanarea

Other terrestrial

(chaparra I, bogs,
swamps, and marshes)

Subtotal terrestrial

lakes and streams

Marine

Subtotal aquatic

Total

Surface area
(x 106 km2)

Netprimary

production

(Pg)
---

31 48.7

37
30
25
16
2

52.1
3.1
2.1

15.0
0.4

6

147

10.7

132.1

2
361

363

0.8
91.6

92.4

510 224.5

1981), so the annual amount of dry
material produced for human con-
sumption is about 0.85 Pg. People
also eat nongrain materials, which
account for roughly an additional 0.3
Pg in dry material (FAa 1982). Over-
all, this gives about 1.15 Pg of plant
material harvested annually, com-

pared with 0.z6 Pg for direct human
consumption. Thus, about 0.39 Pg
(34%) of the human food harvest
from plants appears to be wasted or
lost to pests or postharvest spoilage.
This estimate is high but not out of

linewithotherestimates(e.g.,FAa1984).Wehavenotincludedthislost
material in our estimate of the NPP

used directly by humans.

Consumption by livestock. Estimates
of how much food livestock con-

sumes annually vary substantially.
Wheeler et al. (1981) reported that in

Table 2. Amount of net primary produc-
tion (NPP) used directly by humans and
domestic animals.

Source
NPP used

(Pg)

Cultivated land, food
Domestic animal fodder

Wood products
Construction and fiber

FirewoodFisheries(0.020drywt
harvested)

Total

0.8

2.2

1.2
1.0

2.0
7.2

3.2PercentNPP(7.2/224.5)

the late 1970s the world's livestock

consumed 8.71 x 1015 kcal, or 1.74
Pg, of usable dry organic material peryear,75%derivedfrompasture,17%
from grain, and 8.5% from otheragriculturalproducts.FAa(1983)es-
timated that about 0.5 Pg (in dry
weight) of grain and roughly 0.15 of
other agricultural products annually
were fed to livestock worldwide in the

early 1980s. If the fraction of live-
stock food derived from grain is
slightly less than 17'10 (Wheeler et al.
1981), the overall consumption of dry
organic material by livestock would
amount to 2.8 Pg. Pimentel extended
his calculation for livestock consump-
tion in the United States (Pimentel et
al. 1980) to estimate that 3.2 Pg of
forage and grain is fed annually to
livestock in developed countries and
1.8 Pg in developing countries, for a
total of 5 Pg worldwide. I

Wecannotexplainthediscrepan-ciesamongthesefigures;weusealow
estimate of 2.2 Pg of dry organic
material to represent livestock con-
sumption of plants. This rate yields
an efficiency of 6.8% for conversion
of plant materials into human food by
livestock (the quantity of animal
products humans consume divided by

the plant biomass livestock consumes,
or 0.15/2.2 Pg).

Forests. Excellent information is

available on the volume of wood har-

'David Pimentel, 1985, personal communica-
tion. Cornell University.
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