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Adaptation and management for more resilient forests to drought

• Warmer world

• Global precipitation increase

• Spatial variation

• Contrast between seasons

• Longer drought periods

• More frequent heat weaves

IPCC 2022
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• More frequent drought-stress mortality

• Lower secondary growth

• Regeneration failure

Resilience of what to what????

Consequences
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Temperate broadleaf forests in wet regions     resistance

Conifer forests in dry regions    recovery
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Factors shaping resilience response

Species composition Density control Ontogenic development
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Observed patterns – Species composition
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Observed patterns – Species composition
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Observed patterns – Species composition
a

a a a a

ab

a a a

a

b

a

c c c

SP: Scots pine; SS: Sitka spruce
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Observed patterns - Species composition
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Observed patterns – Density control

Biomass reduction effect across disturbance type

Only resilience to drought is enhanced
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Observed patterns – Density control
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Observed patterns – Density control
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Observed patterns – Density control (long term)
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Observed patterns – Ontogenic development control

Acuña-Miguez et al. Increased recovery in coarse-root secondary growth improves resilience to drought 
in transition forests. Accepted Journal of Ecology
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Management strategies
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Management strategies
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Factors shaping resilience response
Silvicultural tactics

Species composition Density control Ontogenic development
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Options Justification Main strategy Main tactics

Continuous cover Less temperature stress for 
seedlings

Thinning Less interception & more available 
water

Mixtures Better use of resources, reduced 
competition, facilitation

Shorten rotation Reduce tree vulnerability due to 
aging

Selection 
methods

Adapted crop trees
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Options Justification Strategy Tactics

Transformation 
methods

Increase structural 
complexity

Genetic improvement 
/Breeding

Adapted 
provenances/species

Assisted migration
Changes in species 
distribution range

Promote forest 
expansion

Colonization of 
abandoned crops



Testing adaptation measures

+ Resilient

+ Ecosystem
services

Socially
acceptable/adoptable

?

?
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Thanks for your attention

Gracias

bravo@mncn.csic.es
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