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To the Editor — The ways in which 
humans use ocean resources needs to be 
carefully planned over space and time, 
in order to minimize conflicts and foster 
compatibilities among uses, and between 
uses and the environment1. This planning 
process, most often termed marine spatial 
planning, has been developed worldwide 
from coastal to open-ocean regions as a way 
to foster sustainable ocean management 
and governance. Marine spatial planning 
is currently being developed in about 
50 countries, yet despite its widespread 
acceptance and uptake, it still faces 
many political, social, economic and 
environmental challenges. Here we suggest 
that global climate change will present an 
additional, evolving challenge that requires 
flexible and adaptive ocean planning.

Ocean warming, ocean acidification and 
sea-level rise are all expected to significantly 
alter present ocean conditions2, as are 
additional drivers of change (Fig. 1). As a 
consequence, marine ecosystem services 
will be redistributed2, and ocean uses that 
rely on those services will undergo spatial 
and temporal change through local decrease 
or increase, or relocation.

Some ocean uses, such as fisheries 
or conservation3,4, are likely to be more 
vulnerable, that is, more exposed and less 
resilient to climate change effects. Others, 
such as shipping5 are likely to be less 
affected globally (Fig. 1). As ocean uses have 
different social and economic importance 
for different nations and regions, the 
influence of these global vulnerabilities 
on ocean planning will vary from place to 
place. For example, a specific use of the 
oceans may be only moderately vulnerable 
to a changing climate but yet extremely 
valuable for a region’s socio-economy. If so, 
it will be highly significant for local ocean 
planning processes. The spatial context is 
thus of paramount relevance to assess the 
extent of impacts.

The best way for ocean planning efforts 
to respond to potential future alterations is 
to become increasingly flexible and adaptive 
today6,7. Regional and national policies 
for ocean planning, as well as individual 
processes (both in terms of legislation and 
of actual ocean plans) need to be able to 
effectively incorporate change to thrive in a 
dynamic and uncertain future. Operational 
approaches to foster such flexibility, 
such as just-in-time planning, dynamic 
ocean management or dynamic ocean 

zoning8–10 must be explicitly identified, and 
implemented. Subsequently, regular revision 
mechanisms7 must be established. 

There is an underlying premise for all of 
this to be possible: climate change must be 
recognized as a challenge in both policies 
and processes of ocean planning. Only 
then can the climate dimension be properly 
encompassed, and a long-term, sustainable 
vision for the use of the ocean be ensured.�❐
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Figure 1 | Vulnerability of ocean uses to climate change. We present the direct impact estimate of 
climate-related drivers of change on different ocean uses. Primary drivers of change directly stem 
from greenhouse gas effects, whereas secondary drivers of change result from other drivers (primary 
and/or secondary). WARM, warming; ACID, acidification; HYPO, hypoxia; DSHIFT, distributional shifts; 
SLR, sea-level rise; CIRCW, circulation and winds; EXT, extreme events; DISHAB, diseases and harmful 
algae blooms. For the derivation of the estimated impacts, see Supplementary Information. 
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