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On the eve of the World Summit on Sustainable Development, it is timely to assess 
progress over the 10 years since its predecessor in Rio de Janeiro. Loss and degradation 
of remaining natural habitats has continued largely unabated. However, evidence has 
been accumulating that such systems generate marked economic benefits, which the 
available data suggest exceed those obtained from continued habitat conversion. We 
estimate that the overall benefit:cost ratio of an effective global program for the 
conservation of remaining wild nature is at least 100:1. 

H umans benefit from wild nature (1) in 
very many ways: aesthetically and cul- 
turally; via the provision of ecological 

services such as climate regulation, soil forma- 
tion, and nutrient cycling; and from the direct 
harvest of wild species for food, fuel, fibers, 
and pharmaceuticals (2). In the face of increas- 
ing human pressures on the environment, these 
benefits should act as powerful incentives to 
conserve nature, yet evaluating them has 
proved difficult because they are mostly not 
captured by conventional, market-based eco- 
nomic activity and analysis. 

In 1997, Costanza et al. published a synthe- 
sis (3) of more than 100 attempts to value 
ecosystem goods and services using a range of 
techniques including hedonic pricing, contin- 
gent valuation, and replacement cost methods 
(4). Using case studies to derive average values 
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per hectare for each of 17 services across 16 
biomes and then extrapolating to the globe by 
multiplying by each biome's area, the Costanza 
team estimated the aggregated annual value of 
nature's services (updated to 2000 US$) to lie 
in the range of $18 trillion to $61 trillion (1012), 
around a rough average of -$38 trillion. These 
figures are of similar size to global gross na- 
tional product (GNP), but have been criticized 
by some in the economic community (5-9). 

One problem is that such macroeconomic 
extrapolations are inconsistent with microeco- 
nomic theory: extrapolation from the margin to 
a global total should incorporate knowledge 
about the shape of the demand curve (3, 5-8). In 
practice, it is very likely that per-unit demand 
for nonsubstitutable services escalates rapidly as 
supply diminishes, so that simple grossing-up of 
marginal values (as is also done in calculating 
GNP from prices) will probably underestimate 
true total values. On the other hand, high local 
values of services such as tourism may not be 
maintained if extrapolated worldwide. In addi- 
tion, while some policy decisions are made us- 
ing macroeconomic indicators, many others are 
made at the margin, and so are more appropri- 
ately informed by marginal rather than total 
valuations (9). 

Another problem with the original estimate 
is that landscapes can yield substantial (albeit 
rather different) flows of goods and services 
after, as well as before, conversion by humans 
(which is of course why people convert them). 
A clearer picture of the value of retaining habitat 
in relatively undisturbed condition might there- 
fore be obtained by estimating not the gross 
values of the benefits provided by natural bi- 
omes, but rather the difference in benefit flows 
between relatively intact and converted versions 
of those biomes. 

Net Marginal Benefits 
To address these concerns, we reviewed 
more than 300 case studies, searching for 

matched estimates of the marginal values of 
goods and services delivered by a biome 
when relatively intact, and when converted 
to typical forms of human use. To ensure 
we did not neglect private benefits of con- 
version, studies were only included if they 
covered the most important marketed 
goods, as well as one or more nonmarketed 
services delivering local social or global 
benefits. We cross-validated figures for in- 
dividual goods and services with other es- 
timates from similar places. Finally, we 
checked that the comparisons across differ- 
ent states of a biome used the same valua- 
tion techniques for particular goods and 
services. Our survey uncovered only five 
examples that met all these criteria. Here, 
we summarize their findings, with all fig- 
ures expressed as net present values (NPVs, 
in 2000 US$ ha-'), and using the discount 
rates considered by the authors [see Fig. 1 
and supplemental online material (10) for 
further details]. 

Two studies quantified net marginal ben- 
efits of different human uses of tropical forest 
areas. Kumari compared the values obtained 
from timber plus a suite of nontimber forest 
products (NTFPs), as well as the values of 
water supply and regulation, recreation, and 
the maintenance of carbon stocks and endan- 
gered species, for forests under a range of 
management regimes in Selangor, Malaysia 
(11). Compared with two methods of re- 
duced-impact logging, high-intensity, unsus- 
tainable logging was associated with greater 
private benefits through timber harvesting (at 
least at high discount rates and over one 
harvesting cycle), but reduced social and 
global benefits (through loss of NTFPs, flood 
protection, carbon stocks, and endangered 
species). Summed together, the total econom- 
ic value (TEV) of forest was some 14% 
greater when placed under more sustainable 
management (at -$13,000 compared with 
$11,200 ha- 1). 

A study from Mount Cameroon, Cam- 
eroon, comparing low-impact logging with 
more extreme land-use change again found 
that private benefits favor conversion, this 
time to small-scale agriculture (12). Howev- 
er, a second alternative to retaining the forest, 
conversion to oil palm and rubber planta- 
tions, in fact yielded negative private benefits 
once the effect of market distortions was 

9 AUGUST 2002 VOL 297 SCIENCE www.sciencemag.org 950 

iQ^r* REVIEW 








	Article Contents
	p.950
	p.951
	p.952
	p.953

	Issue Table of Contents
	Science, Vol. 297, No. 5583, Aug. 9, 2002
	Front Matter [pp.887-982]
	Editorial: Science and Sustainability [p.897]
	Editors' Choice [pp.899-901]
	NetWatch [p.903]
	News
	News of the Week
	Congress Homes in on New Department's R&D Programs [pp.912-913]
	Panel Shines Light on Exploring the Sun [pp.913-915]
	NIEHS Toxicologist Receives a 'Gag Order' [pp.915-916]
	ScienceScope [pp.915-917]
	Muon Measurements Muddle a Model [pp.916-917]
	Panel Hears Ideas for Overhaul of NIH [pp.917-919]
	Satellites Spy More Forest than Expected [p.919]

	News Focus
	The Real Dirt on Rainforest Fertility [pp.920-923]
	'Show Us the Cells,' U.S. Researchers Say [pp.923-925]
	Water Scarcity: Forecasting the Future with Spotty Data [pp.926-927]
	Malawi: A Suitable Case for Treatment [pp.927-929]
	Random Samples [p.931]

	Science's Compass
	Letters
	Conserving Native Plants in China [pp.935-936]
	A Historical View of Nonsense Triplets [p.936]
	Wetware Problem, Not a Software Problem [p.936]

	Corrections and Clarifications: The Battery: Not Yet a Terminal Case [p.936]
	Corrections and Clarifications: U.S. Science Academy Elects New Members [p.936]
	Science's Compass
	Policy Forum
	The Intangible Value of Vaccination [pp.937-939]

	Books et al.
	Sour Grapes of Wrath [pp.940-941]
	Gold from Green Paths [p.941]

	Perspectives
	Two Bodies Are Better than One [pp.942-943]
	Water Vapor Gets Excited [pp.943-945]
	Gene Duplication and Evolution [pp.945-947]
	Black Holes Reveal Their Innermost Secrets [pp.947-948]
	History Matters [pp.948-949]

	Review
	Economic Reasons for Conserving Wild Nature [pp.950-953]

	Association Affairs
	Science, Sustainability, and the Human Prospect [pp.954-958]

	Materials Science: Soft Surfaces
	Skimming the Surface [pp.961-961]

	News
	Can Sensors Make a Home in the Body? [pp.962-963]

	Viewpoints and Reviews
	Surface-Responsive Materials [pp.964-967]
	Polymer Vesicles [pp.967-973]
	How Surface Topography Relates to Materials' Properties [pp.973-976]
	20th- to 21st-Century Technological Challenges in Soft Coatings [pp.976-979]

	Research
	Brevia
	Shaping of Hooks in New Caledonian Crows [p.981]

	Research Article
	Use of Ionic Liquids for π-Conjugated Polymer Electrochemical Devices [pp.983-987]

	Reports
	Brownian Motion of DNA Confined within a Two-Dimensional Array [pp.987-990]
	Formation of Immiscible Alloy Powders with Egg-Type Microstructure [pp.990-993]
	Dipole Moments of Highly Vibrationally Excited Water [pp.993-995]
	A General Synthetic Procedure for Heteropolyniobates [pp.996-998]
	Determination of Deforestation Rates of the World's Humid Tropical Forests [pp.999-1002]
	Recent Segmental Duplications in the Human Genome [pp.1003-1007]
	Predictive Identification of Exonic Splicing Enhancers in Human Genes [pp.1007-1013]
	Microbial Reefs in the Black Sea Fueled by Anaerobic Oxidation of Methane [pp.1013-1015]
	Chemical Synthesis of Poliovirus cDNA: Generation of Infectious Virus in the Absence of Natural Template [pp.1016-1018]
	MAP Kinase Phosphatase as a Locus of Flexibility in a Mitogen-Activated Protein Kinase Signaling Network [pp.1018-1023]
	Est1p as a Cell Cycle-Regulated Activator of Telomere-Bound Telomerase [pp.1023-1026]
	Orc6 Involved in DNA Replication, Chromosome Segregation, and Cytokinesis [pp.1026-1031]
	Impaired B and T Cell Antigen Receptor Signaling in p110δ PI 3-Kinase Mutant Mice [pp.1031-1034]

	Back Matter [pp.1035-1078]



