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B
iodiversity is a composite term used
to embrace the variety of types,
forms, spatial arrangements, pro-

cesses, and interactions of biological sys-
tems at all scales and levels of organization,
from genes to species and ecosystems (1),
along with the evolution-
ary history that led to their
existence (2). In part be-
cause of this complexity,
universally applicable mea-
sures of biodiversity have
proven elusive. Commonly
used measures, such as the
number of species present,
are strongly scale-depend-
ent and only reveal a
change after species have
been lost. Indices incorpo-
rating several proxy sig-
nals are potentially sensi-
tive, but their arbitrariness
obscures underlying trends
and mechanisms. Integrated
measures (3, 4) are both
sensitive and achievable,
but more research is needed
to construct the globally ro-
bust relations between population data,
genetic variation, and ecosystem condition
that they require.

The need for national to global-scale biodi-
versity measurements has been highlighted by

the adoption of a target to “reduce the rate of
loss of biodiversity by 2010” by the 190 coun-
tries that are parties to the Convention on
Biological Diversity (CBD) (5, 6). As we ap-
proach the target date, it is clear that this inten-
tion may suffer if we cannot effectively assess

progress. The recent Con-
ference of Parties to the
CBD in Bonn, Germany,
reinforced commitment to
the goal, while acknowl-
edging that much still needs
to be done to reach it.
Despite the absence of com-
prehensive data, there is lit-
tle dispute that biodiversity
continues to decline with
uncertain, but potentially
serious, consequences for
society (7). 

Unlike, for instance, the
Framework Convention on
Climate Change, there is
no widely accepted and
globally available set of
measures to assess biodi-
versity. Consequently, the
community has fallen back

on a range of existing data sets gathered for
other purposes. Currently, in the CBD
process alone, there are ~40 measures reflect-
ing 22 headline indicators in seven focal areas
(see Biodiversity Indicator Partnership,
www. twentyten.net). It seems unlikely that
this set will provide clear messages to deci-
sion-makers (8).

There is no general shortage of biodiver-
sity data, although it is uneven in its spatial,
temporal, and topical coverage. The problem
lies in the diversity of the data and the fact
that it is physically dispersed and unorgan-
ized (9). The solution is to organize the infor-
mation, to unblock the delivery pipeline
between suppliers and users, and to create
systems whereby data of different kinds, from
many sources, can be combined. This will
improve our understanding of biodiversity
and will allow the development of fit-for-
purpose measures of its condition over time.
The proposed Group on Earth Observations
Biodiversity Observation Network (GEO

BON) is a new global partnership to help col-
lect, manage, analyze, and report data relat-
ing to the status of the world’s biodiversity.

The Group on Earth Observations (GEO)
was launched in 2002 in response to the
widely identified need for adequate informa-
tion to support environmental decision-
making. GEO is a voluntary partnership of
73 national governments and 46 participat-
ing organizations. It provides a framework
within which these partners can coordinate
their strategies and investments for Earth
observation. The GEO members are estab-
lishing a Global Earth Observation System
of Systems (GEOSS, www.earthobservations.
org) that provides access to data, services,
analytical tools, and modeling capabilities
through a Web-based GEO Portal (www.
geoportal.org). GEOSS has identified nine
priority “societal benefit areas” in its first
decade. Biodiversity is one of them. U.S.
National Aeronautics and Space Admini-
stration (NASA) and DIVERSITAS, the
international programme of biodiversity sci-
ence, accepted the task of leading the plan-
ning phase of GEO BON, in collaboration
with the GEO Secretariat. 

No single organization could build a “sys-
tem of systems” such as the one envisaged.
Many local, national, and international activi-
ties exist to record various genes, species, and
ecosystems, as well as the services they pro-
vide to society. GEO BON aims to create a
global network from these efforts by linking
and supporting them within a scientifically
robust framework. For example, GEO BON
will facilitate the combination of top-down
measures of ecosystem integrity from satellite
observations with a host of bottom-up meas-
ures of ecosystem processes, population
trends of key organisms, and the genetic basis
of biodiversity arising from the latest field-
based and molecular survey methods. The
role of GEO BON is to guide data collection,
standardization, and information exchange.
The participating organizations retain their
mandates and data ownership, but agree to
collaborate in making part of their informa-
tion accessible to others.

The process to develop a GEO BON took
shape in April 2008, when some 100 biodiver-
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sity specialists representing over 60 scientific
and intergovernmental organizations met at
Potsdam, Germany, to complete the concept
document. Seven working groups have been
formed to draft an initial Implementation Plan
by the end of the year. The key concept is a
shared and interoperable system bringing data
of different types and from many sources to
bear on the information needs as defined by
users (see figure, above). The primary data
would include historical and future records
from specimen collections in museums and
herbaria, but also field observations by
researchers, conservation and natural re-
source management agencies, and lay experts.
A hierarchical sampling approach, involving
millions of point observations of relatively
simple data (e.g., the presence or absence of a
species), thousands of records of abundance
or community composition, and hundreds of
detailed studies on individual ecosystems,
bound together with models, remote sensing,
and spatial analysis, would enable both global
coverage and local relevance while remaining
feasible and affordable. The supporting infor-

mation and data-description protocols that
allow this information to be shared among
many independent sources are already rela-
tively well-developed, thanks to the efforts,
among others, of the Global Biodiversity
Information Facility. They need to be ex-
panded beyond collection records to include
ecological observations. A biodiversity gate-
way on the GEO Portal, providing users easy
access to data and the tools they need to under-
stand it, will be an important part of the oper-
ational system.

The GEO BON initiative was noted by the
Conference of Parties of the CBD at its May
2008 meeting, which requested the secretariat
to “continue collaborating with the Bio-
diversity Observation Network with a view to
promoting coherent biodiversity observation
with regard to data architecture, scales and
standards, observatory network planning, and
strategic planning for its implementation”
(10). Actions driven by the desire to adapt to
and mitigate climate change, such as expan-
sion of biofuel plantings and payments for
avoided deforestation, emphasize the impor-

tance of reliable biodiversity
information for other interna-
tional conventions as well.

There are challenges ahead,
including overcoming a tradi-
tion of data restriction within
the biodiversity field. The ini-
tiative will require new kinds
of cooperation among govern-
ments and nongovernmental
organizations and between
data providers and users of the
information. The yardstick of
success is not a cheaper global
biodiversity observation sys-
tem, but a more useful one
and, thus, an improved cost-
benefit relation. By analogy to
the Global Climate Observing
System (11), which is in more
advanced implementation, it
is estimated that the final total
cost of a GEO BON could
amount to €200 million to
€500 million (U.S. $309 mil-
lion to U.S. $772 million) per
year. Because much of this is
already committed in national
agencies, the additional cost
of global networking and gap-
filling will be much more
modest. The costs would be
spread across many nations
and organizations and phased
in over a number of years,
leveraging the existing ex-

penditure in partial and stand-alone sys-
tems. The potential benefits are worth the
extra effort.

References
1. R. F. Noss, Conserv. Biol. 4, 355 (1990).
2. D. P. Faith, Conserv. Biol. 16, 248 (2002).
3. R. J. Scholes, R. Biggs, Nature 434, 45 (2005).
4. D. F. Hui, R. Biggs, R. J. Scholes, R. B. Jackson, Biol.

Conserv. 141, 1091 (April 2008).
5. A. Balmford et al., Science 307, 212 (2005).
6. H. M. Pereira, H. D. Cooper, Trends Ecol. Evol. 21, 123

(2006).
7. “EU environment-related indicators 2008,”

www.energy.eu/publications/KH8107174END_002.pdf.
8. G. M. Mace, J. E. M. Baillie, Conserv. Biol. 21, 1406

(2007).
9. The Royal Society, “Measuring biodiversity for conserva-

tion” (Policy doc. 11/03, The Royal Society, London,
2003).

10. CBD, Monitoring, Assessment and Indicators: Follow up
to the Millennium Ecosystem Assessment: Draft decisions
for the 9th Conference of the Parties, Bonn, Germany,
19 to 30 May 2008 (UNEP/CBD/COP/9/L.19, CBD,
Montreal, Canada, 2008)

11. “Implementation plan for the Global Observing System
for Climate in support of the UNFCCC” (GCOS-92) (Tech.
doc. 1219, World Meteorological Organization, Geneva,
October 2004).

10.1126/science.1162055

www.sciencemag.org SCIENCE VOL 321 22 AUGUST 2008 1045

POLICYFORUM

Supporting

information

GAZETTEER

Place name

Polygon or 
latitude and 
longitude

SPECIES

Scientific
name

Authority

Synonyms

Folk names

TAXONOMY

Species

Genus

Family

Class etc.

POPULATION

Species

Location

Date

Abundance

FuncType

SPECIMEN

Species

Location

Date

Source

GENE

Species

Location

Date

Gene

Alleles

COMMUNITY

Location

Date

Species 1

...

Species n

ABIOTIC

Climate

Substrate

Topography

Disturbance

USES

Product

Offtake rate

Value

Users

INTERACTIONS

Type

Intensity

From

To

ECOSYSTEM

Name

Polygon

Date

Attributes

Attribute
maps

Observations
Observation

products

Biodiversity

indicators

Maps of

priority areas

Conservation

plans

Ecosystem

services

Biodiv.-based

resource trends

Research

outputs

User-defined

needs

feedback feedback

Tabulations

Remotely
sensed
images

GIS

Models

G
E
O

 B
O

N
 P

o
rta

l

CORE OF THE BIODIVERSITY OBSERVATION NETWORK

Integrated biodiversity observation system. The core data types, observation products, and end uses of an integrated bio-
diversity observation system are shown. Most of the elements already exist, but are incomplete or dispersed among a wide range
of partners. The proposed implementation strategy involves linking them by using data-sharing protocols, followed by incremental,
needs-led, and opportunistic growth. GIS, geographic information systems.
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