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The meeting of the Convention on Biological Diversity (CBD) earlier this year was
set up to propel the Kunming-Montreal Global Biodiversity Framework (GBF)
(1) from agreement to action. As countries currently draft national action plans
to meet the GBF's multiple targets to halt biodiversity loss and secure nature's
contributions to people, this is our one chance to ask: will they put us on track to
satisfy the GBF's long-term goals? And if not, how do we improve?

The answer to the first question is likely “no.” The solution to the second is to
expand the systematic use of predictive models in conservation biology. Otherwise,
we will design ineffective strategies, misallocate limited resources, and not know
whether our actions will work.

The GBF is a landmark agreement, with 23 targets aiming to restore ecosystems,
protect species from extinction, and ensure equitable access to nature's benefits.
Yet, as currently designed, it assesses the status and trends of biodiversity primarily
through retrospective monitoring of indicators—such as the Red List index or the
Living Planet index. Although this provides accountability by tracking past perfor-
mance, it lacks forward-looking, predictive tools to evaluate whether current actions
or new commitments can deliver desired outcomes. It is surprising, if not deeply
concerning, that despite decades of advances in biodiversity modeling (2), the GBF
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In order to truly look ahead and address
pressing biodiversity challenges, the GBF needs
a new international program that coordinates
biodiversity research and modeling. We label
this initiative the World Biodiversity Research
Programme. Image credit: Shutterstock/
SouthernCrx.
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overlooks the anticipatory power of these tools and does not
mention “model” or “prediction” anywhere in its text.

This backward-looking approach risks the continued decline
of global biodiversity by failing to provide timely warnings
indicating that existing actions are insufficient to meet GBF
goals. Without a clear connection from actions to outcomes,
we believe there's a significant risk that the GBF will not
achieve its ultimate goals, even if intermediate targets are
met. The GBF needs to look forward, not just backward. We
believe a new international program to coordinate biodiversity
research and modeling, which we label the World Biodiversity
Research Programme (WBRP), would go a long way toward
this aim.

The GBF needs to look forward, not just backward.
We believe a new international program to
coordinate biodiversity research and modeling,
which we label the World Biodiversity Research
Programme (WBRP), would go a long way toward

this aim.

The Importance of Prediction

Predictive biodiversity models use quantitative tools and
simulations to forecast changes in key biodiversity com-
ponents (3), such as genetic diversity, species distributions
and abundances, and ecosystem services—under various
scenarios of human activity and conservation interven-
tions (4). These models range from statistical approaches
such as correlative species distribution models to mecha-
nistic models that incorporate biological processes such
as physiology, demography, dispersal, and interspecific
interactions (5). Importantly, predictive models can assess
the impacts of alternative scenarios and identify which
actions, such as habitat preservation or land-use regula-
tions, can most effectively achieve national or global bio-
diversity goals.

Climate change models have advanced policy actions by
comparing outcomes from alternative scenarios and provid-
ing guidance to set quantitative goals and deadlines for decar-
bonization (6). Similarly, biodiversity conservation managers
and policymakers need predictive tools to identify the most
effective combinations of actions to achieve their targets. By
embracing predictive modeling, which integrates ecological,
social, and economic data, the global biodiversity community
can help countries develop innovative solutions, make
informed decisions, and allocate resources efficiently (2).

Predictive models have already guided the successful
management of threatened species (7), helped design
reserves, and identified the worst invasive species (8).
Globally, biodiversity models have been used to evaluate
the impacts of future scenarios on biodiversity and ecosys-
tem services (3, 4, 9), which framed the goals of the GBF.
Despite these successes, the broader integration of predic-
tive models into the GBF has yet to be achieved, likely due
to limited coordination across the modeling community,
underinvestment in global biodiversity research, persistent
data gaps, unequal access to the necessary modeling infra-
structure and expertise across countries, and, in some cases,
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limited trust in model results among policymakers and prac-
titioners (2).

To stress the need for broader uptake, we outline key ways
in which predictive models can significantly contribute. And
to ensure rapid uptake and coordination, we argue for the
creation of a new research program to encourage the use of
predictive models in policy and practice and to accelerate
progress toward the GBF targets and goals.

Modeling Solutions

Models can help in linking actions to outcomes. The GBF
monitoring framework uses indicators to track progress
toward its goals and targets, including mandatory
headline indicators for national, regional and
global monitoring and reporting and optional
component and complementary indicators that
cover different aspects of the goals and targets
and allow more in-depth analyses of these. For
example, target 4 (halting extinctions) uses the
Red List Index, which tracks changes in extinction
risk, as a headline indicator. It also uses the Living
Planet Index, which shows trends in average vertebrate pop-
ulation size, as a component indicator, as well as the per-
centage of threatened species improving in status as a
complementary indicator.

These indicators are derived from monitoring data and
offer a necessary, but inherently retrospective, view of past
changes. They highlight progress toward targets and goals
but fall short of offering actionable insights on how to reach
them. Predictive models, when linked with plausible future
scenarios, can fill this gap. Models enhance the value of raw
indicator data by uncovering cause-and-effect relationships
between drivers and biodiversity and by projecting future
biodiversity states under various scenarios.

This can maximize outcomes across interconnected tar-
gets and goals (10). For example, models can assess how
expanding protected areas to meet target 3 (conserving at
least 30% of land, waters, and seas) might affect progress
toward target 4, given that increased land-use pressures out-
side protected areas could undermine conservation benefits
by limiting connectivity to unprotected patches.

Accounting for Costs

It's important to account for economic and societal costs.
Conservation actions often vary in effectiveness, costs, ben-
efits, and broader impacts on other sectors. For example,
achieving the target of preserving 30% of land can be
approached in numerous ways, but the associated costs can
vary dramatically, depending on land values and the socio-
economic effects on neighboring communities (11). Predictive
models can maximize progress toward GBF goals and targets
while reconciling societal needs and trade-offs between, for
example, biodiversity, food production, health, and economic
growth. Furthermore, models that integrate both social and
economic costs and evaluate trade-offs between drivers (12)
are critical to ensure each nation’s ability to implement con-
servation actions effectively within their varied political and
economic contexts.
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Monitoring and assessment benefit from predictive mod-
els and vice versa. Models highlight data gaps and uncertain-
ties and can guide the design of monitoring systems across
ecosystems to better estimate indicators and trends (13). For
example, models can show where and how often data should
be collected to improve both the statistical robustness of
estimated indicator trends and the predictive accuracy
of models.

As researchers collect new data, models can be continu-
ously updated to reduce uncertainty, test assumptions, and
improve forecasts, creating an iterative learning cycle (5, 7).
This tight feedback loop between monitoring and modeling
enables adaptive management, meaning the timely refor-
mulation of actions in response to changes in the predicted
trajectory toward the target—for example, due to extreme
environmental events, political disruptions, or novel drivers.

Bridging Scales

Predictive models can also estimate lag times between
actions and responses, which span decades to even millennia
and can leave lasting legacies (14). For example, populations
might require years to recover after the introduction of hunt-
ing and fishing bans. These time lags imply that the effects
of many actions might come after the 2030 deadline or too
late for some species. Models can also help to plan the spatial
and temporal coordination of conservation efforts. For exam-
ple, wildlife managers can plan the reintroduction of threat-
ened species based on predicted spread rates of the species.

Most conservation actions are local, but the impacts extend
across larger scales and often transcend national boundaries.
For example, multiple countries might implement restoration
plans for threatened migratory species within their borders.
But without coordination, these efforts risk underperforming
because they do not link protective measures across national
borders. Scaling from local to global actions can be done by
linking models at different spatial scales.

The biodiversity crisis is a global challenge, yet many
diverse regions remain poorly monitored and understudied,
making reporting on indicators and applying predictive mod-
eling particularly challenging. Insufficient capacity to formu-
late and implement National Biodiversity Strategies and
Action Plans was cited as a major barrier for the 153 parties
that had not submitted plans by the 2024 United Nations
Biodiversity Conference of the Parties deadline. Through
general insights and transfer learning, models can bridge
local knowledge gaps and support decision-making by pre-
dicting both historical and future indicator trends. Predictive
models developed in better-known regions can suggest strat-
egies for data-poor regions. Critically, shared models can
optimize future monitoring designs, while maximizing statis-
tical power to reduce uncertainty in key components of indi-
cators. As context-specific local knowledge and newly
collected data from well-designed future monitoring pro-
grams (13, 15) become available, these models can be itera-
tively refined and action plans updated.

A Biodiversity Research Program

To coordinate international biodiversity research and drive fur-
ther developments in predictive modeling and adaptive decision-
support tools, the community needs a focused research agenda.
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This is what we've labeled the World Biodiversity Research
Programme. Such an agenda would aid our understanding of
biodiversity change and directly support the work and goals of
the GBF.

The existing Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services has been instrumental in
summarizing the state of nature and providing policy support.
However, its mandate is restricted to synthesizing existing
research and assessing the evidence, rather than coordinating
research efforts. This is also true for the Intergovernmental
Panel on Climate Change. To fill this gap in climate science,
the World Climate Research Programme (WCRP) coordinates
international climate research and facilitates knowledge shar-
ing. A WBRP can do the same job for biodiversity. As part of
its work, it could then develop, evaluate, refine, and harmonize
biodiversity models to support decision-makers working
towards GBF goals.

For climate change, the WCRP administers the Coupled
Model Intercomparison Project, which standardizes the
inputs and outputs of climate models, serves as a central
source for understanding and summarizing predictions
about climate change and has helped drive continuous
model improvements. A model intercomparison project for
biodiversity could similarly design standardized modeling
experiments and scenarios at multiple spatial scales to
understand past, present, and future biodiversity changes
in response to global drivers (3).

Also, a coordinated international effort is essential for
ensuring equitable access to models and technical expertise
for applying models by all parties to the agreement. Without
a global organization to coordinate research and develop-
ment, model-based decision support and scenarios risk rein-
forcing legacies of social and economic inequity present in
biodiversity data (15). Developing global knowledge plat-
forms (e.g., BON in a Box, https://boninabox.geobon.org/)
and coordinating international efforts to improve model
standardization could help bridge disparities in the parties’
capacity to develop achievable, yet ambitious, goals, targets,
and action plans to protect biodiversity and ecosystem ser-
vices. Globally coordinated predictive models can bridge
these gaps by guiding the development of cost-effective
monitoring frameworks and action plans, thus empowering
all parties to build capacity in these tools and achieve desired
outcomes.

The climate change community has provided a roadmap
for creating a global biodiversity research organization. The
WCRP was established in 1980 as an international nongovern-
mental organization through joint sponsorship from the World
Meteorological Organization, the International Council for
Science, the Intergovernmental Oceanographic Commission
of the United Nations Educational, Scientific and Cultural
Organization (UNESCO), and occasional voluntary contribu-
tions from nations and donors. A WBRP could similarly be
sponsored by the United Nations Environment Programme
(UNEP), UNESCO, and development banks. UNEP already hosts
the CBD secretariat and is well-positioned to initiate and over-
see WBRP establishment.

Establishing such a program is not only feasible, but urgently
needed to improve our predictive understanding of biodiversity
and meet the ambitions of the GBF. It's clear that without pre-
dictive models and a way to develop their use in conservation,
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the GBF risks merely documenting ongoing biodiversity declines
without helping to halt them. And that would mean writing
nature’s obituary—instead of its recovery.

ACKNOWLEDGMENTS. We acknowledge funding by German Research
Foundation Grants ZU 361/3-1 (to D..) and ZU 361/6-1 (to D.Z.); Royal Society
Grant URF\R\221053 (to G.B.); NSF Grant DBI-2320675 (to M.C.U.); NASA Grant
8ONSSC22K0883 (to M.C.U.); the Leverhulme visiting professorship (M.C.U.);
and the Arden Chair in Ecology and Evolutionary Biology (M.C.U.).

Author affiliations: °Institute of Biochemistry and Biology, University of Potsdam, Potsdam
14469, Germany; ®School of Biological Sciences, University of Aberdeen, Aberdeen AB24
2TZ, United Kingdom; “Instituto de Biologia Subtropical, Consejo Nacional de Investigaciones
Cientificas y Técnicas, Universidad Nacional de Misiones Puerto Iguazi, Misiones 3370,

Sl N

(Cambridge University Press, Cambridge, United Kingdom and New York, NY, 2021), 2391 pp.

Argentina; “Department of Geography, San Diego State University, San Diego, CA 92115;
“Department of Biology, Group on Earth Observations Biodiversity Observation Network,
McGill University Montreal, Montreal, QC H3A 1B1, Canada; ‘Biodiversity Futures Lab, Natural
History Museum, London SW7 5BD, United Kingdom; 8Department of Life Sciences, Imperial
College London, Ascot SL5 7PY, United Kingdom; "School of Ecosystem and Forest Science,
The University of Melbourne, Melbourne, VIC 3010, Australia; 'Department of Ecology and
Evolutionary Biology and Center of Biological Risk, University of Connecticut, Storrs, CT 06269;
ISchool of Environment, The University of Auckland, Auckland 1142, New Zealand; “Pyrenean
Institute of Ecology, Spanish National Research Council, Jaca 22700, Spain; 'Department of
Conservation Biology and Social-Ecological Systems, Helmholtz Centre for Environmental
Research, Halle 06120, Germany; ™Botanical Institute of Barcelona, Spanish National
Research Council and the Natural Science Museum of Barcelona Consortium, Barcelona
08038, Spain; "Biodiversity Modelling and Environmental Change, School of Biosciences,
University of Birmingham, Birmingham B15 2TT, United Kingdom; °Ecological Modelling,
Bonner Institute for Organismal Biology, Department of Plant Biodiversity, University of
Bonn, Bonn 53115, Germany; PDepartment of Biology, University of Washington, Seattle,
WA 98195; “Centre for Ecology & Hydrology Wallingford, Oxfordshire OX10 8BB, United
Kingdom; "Laboratory of Community and Quantitative Ecology, Department of Biology,
Concordia University, Montreal, QC H4B 1R6, Canada; and *Commonwealth Scientific and
Industrial Research Organisation - Environment, Canberra, ACT 2601, Australia

Convention on Biological Diversity, "Kunming-Montreal Global Biodiversity Framework” (Decision CBD/COP/DEC/15/4, United Nations, 2022).

E. Nicholson et al., Scenarios and models to support global conservation targets. Trends Ecol. Evol. 34, 57-68 (2019).

H. M. Pereira et al., Global trends and scenarios for terrestrial biodiversity and ecosystem services from 1900 to 2050. Science 384, 458-465 (2024).

D. Leclére et al., Bending the curve of terrestrial biodiversity needs an integrated strategy. Nature 585, 551-556 (2020).

M. C. Urban et al., Coding for life: Designing a platform for projecting and protecting global biodiversity. BioScience 72, 91-104 (2022).

IPCC, Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, V.. Masson-Delmotte et al., Eds.

7. M.Dietze etal., Near-term ecological forecasting for climate change action. Nat. Clim. Chang. 14,1236-1244 (2024).
8. A Guisan et al., Predicting species distributions for conservation decisions. Ecol. Lett. 16, 1424-1435(2013).
9. IPBES, Global Assessment Report of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, E. S. Brondizio, J. Settele, S. Diaz, H.T. Ngo, Eds. (IPBES Secretariat, Bonn, Germany, 2019),

1144 pp.

10. L.J. Pollock, W.Thuiller, W. Jetz, Large conservation gains possible for global biodiversity facets. Nature 546, 141-144.(2017).

11. R.C.Henry etal., Global and regional health and food security under strict conservation scenarios. Nat. Sustain. 5, 303-310(2022).
12. H.-O.Pértner et al., Overcoming the coupled climate and biodiversity crises and their societal impacts. Science 380, eabl4881 (2023).
13. A.Gonzalez et al., A global biodiversity observing system to unite monitoring and guide action. Nat. Ecol. Evol. 7, 1947-1952 (2023).
14. K. Watts et al., Ecological time lags and the journey towards conservation success. Nat. Ecol. Evol. 4, 304-311(2020).

15. M. Chapman et al., Biodiversity monitoring for a just planetary future. Science 383, 34-36 (2024).

4 0of4 https://doi.org/10.1073/pnas.2501695122

pnas.org



	Predicting the way forward for the Global Biodiversity Framework
	The Importance of Prediction
	Modeling Solutions
	Accounting for Costs
	Bridging Scales
	A Biodiversity Research Program
	ACKNOWLEDGMENTS


