


INSIGHTS

20% designated as Climate stabilization ar-
eas by 2030, to stay within 1.5°C of global
temperature rise.

Reaching ambitious restoration targets
appears unlikely, however, without practical
guidelines and tools, institutional alignment,
accountability mechanisms, and a robust evi-
dence base. Enormous gaps remain between

_high-level focus on restoration and imple-
mentation on the ground (7). Forest resto-
ration programs are largely conducted on
project scales by using approaches that are
neither cost effective nor designed to achieve
multiple benefits and long-term sustainable
outcomes (8). In contrast to such site-based
practices, forest and landscape restoration is
a holistic approach; it aims to balance diverse
types of tree cover to achieve multiple ben-
efits, based on the local socio-ecological con-
text and stakeholder engagement (9). This
landscape approach is vital to reaching the
global scales needed to reverse the effects of
deforestation and land degradation.

Forest restoration is a mechanism to
achieve multiple goals, including climate mit-
igation, biodiversity conservation, socioeco-
nomic benefits, food security, and ecosystem
services. A living tree helps to illustrate the
components of a holistic forest restoration
system (see the figure). The above-ground
portions of the tree are the trunk (restoration
initiatives), branches (restoration outcomes),
and fruits (restoration benefits). Below the
ground are soil (capital stocks) and root
structures that assimilate and distribute re-
sources and create enabling conditions.

Viewing restoration as a system also
guides appropriate mechanisms to mobilize
resources in cost-effective ways. One such
mechanism is to use the best available spatial
information to identify areas where the most
beneficial and feasible restoration outcomes
intersect (10). Bastin et al. clearly show that
we have a narrow window of time in which
to restore global tree cover. We need to act
quickly, intelligently, holistically, and globally.
Doing so will require planting and sustaining
of restoration systems wherever new types of
canopy cover are needed. m

REFERENCES AND NOTES

1 W Osltgffen etal., Proc. Natl. Acad. Sci. U.S.A. 115, 8252
(2018).

2. BW. G)riscom etal.,Proc. Natl. Acad. Sci. U.S.A. 114,11645
(2017).

3. Food and Agriculture Organization of the United Nations
(FAO), Global Forest Resources Assessment 2015. How Are
the World's Forests Changing? (FAO, 2015).

4. J.-F.Bastin et al., Science 365,76 (2019).

5. S.L.Lewis etal., Nature 568, 25 (2019).

6. E.Dinersteinetal., Sci.Adv. 5, eaaw2869 (2019).

7. R.L Chazdonet al., Conserv. Lett. 10,125 (2017).

8. K.D.Holl, Science 355,455 (2017).

9. S.Mansourian, J. Parrotta, Eds., Forest Landscape
Restoration: Integrated Approaches to Support Effective
Implementation (Routledge, 2018).

10. PH.S.Brancalion et al., Sci. Adv.5, eaav3223 (2019).

10.1126/science.aax9539

SCIENCE sciencemag.org 5 JULY 2019 » VOL 365 1SSUE 6448- 25












RESEARCH | REPORT

15. M. C. Hansen et al., Science 342, 850-853 (2013).

16. O. Arino et al., Global Land Cover Map for 2009 (GlobCover
2009) (European Space Agency, Université catholique de
Louvain, PANGAEA, 2012).

17. S. Fritz et al., Glob. Chang. Biol. 21, 1980-1992 (2015).

18. Y. Pan et al., Science 333, 988-993 (2011).

19. J Grace, J. Jose, P. Meir, H. S. Miranda, R. A. Montes,

J. Biogeogr. 33, 387-400 (2006).
20. X.-P. Song et al., Nature 560, 639-643 (2018).
21. U. Blntgen et al., Nat. Commun. 10, 2171 (2019).

ACKNOWLEDGMENTS

We warmly thank all the members of the Crowther lab team,
not listed as coauthors of the study, for their incredible support.
We also are very grateful to the Google Earth Outreach team for

allowing us the storage expansion for our laboratory. Funding:

This work was supported by grants to T.W.C. from DOB Ecology.
Plant forthe-Planet. and the German Federal Ministry for Economic
Cooperation and Development. The data collection was partially
supported by the Intemational Climate Initiative of the Federal
Ministry for the Environment, Nature Canservation, Building and
Nuclear Safety of Germany. Author contribations: J.-F.B. conceived
the study. J.-F.B. and D.R. performed the analyses. J.-F.B., Y.F,
C.G., D.M., MR., D.R, CM.Z, and T.W.C. wrote the manuscript.
Competing interests: The authors declare that there are no
competing interests. Data and materials availability: All data are
available in the manuscript or the supplementary materials. The
global free cover potential map, correspanding to Fig. 2A, is accessible
online for visualization at https://bastinjf_climate.users.earthengine.
app/view/potential-tree-caver, the Earth engine script to produce the

map is accessible online at https://code.earthengine.google.com/
ee5¢cf5186b5ad0f659cc7a43054f072c, and all related layers are
accessible online at www.crowtherlab.com or upon request to the
corresponding author.

SUPPLEMENTARY MATERIALS

science.sciencemag.org/content/365/6448/76/suppl/DCL
Materials and Methods

Figs. Sl to S12

Tables S1 to S3

References (22-29)

Data Files S1 and S2

21 February 2019; accepted 21 May 2019
10.1126/science.aax0848

5 JULY 2019 » VOL 365 ISSUE 6448 79





