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Drought & Forests

McDowell et al. 2008, Allen et al. 2010, Keenan et al. 2013, Rigling et al. 2013, Anderegg 
et al. 2015, Choat et al. 2018, Thrippleton et al. 2018, a.o.
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IPCC 2007, IPCC 2014, McDowell et al. 2018, Spinoni et al. 2018

Predictions:

•  frequency and severity

•  frequency in Spring and Summer

• More pronounced trends towards
the end of the 21st century
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Drought trends and challenges



Mechanisms and stand characteristics driving the resilience to
drought of Norway spruce and silver fir in mixed stands in
southwestern Germany

Focus on 4 droughts with contrasting seasonality and severity:

1. Compare the drought response of Norway spruce and silver fir.

2. Identify the management, tree- and stand- characteristics that most
strongly influence tree- and stand-level drought responses.
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Research questions



Weise 1995

Ta 220

Fir-spruce-beech (% vol): 79-17-4

Ta 223

Fir-spruce-beech (% vol): 33-47-20

• Six sites from SW Germany
• 21 mixed-stands with Norway spruce and

silver fir (and European beech)
• Long-term shelterwood experiment
• Inventory data + Tree-ring data (discs)
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Study sites
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Study sites



Lloret et al. 2011, Anderegg et al. 2015

time

Drought (dr)

Pre-dr
Post-dr

dr

Rt

Rs

Rc

Resistance (Rt) = BAIdr / BAIdr-2,dr-1

Recovery (Rc) = BAIdr+1,dr+2 / BAIdr

Resilience (Rs) = BAIdr+1,dr+2 / BAIdr-2,dr-1
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Growth resilience to drought



Grace et al. 1987, Wang and Jarvis 1990, Medlyn 2004, Forrester et al. 2013

Several variables reflecting stand structure, composition, management, and 
tree resources availability

Competition index NI
(spatially explicit, r = 10m)

Individual-tree absorption of photosynthetically 
active radiation (APAR, GJ/tree/year)

3D tree-level model Maestra
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Predictors of drought response



Bates et al. 2007, Fox et al. 2012, Bartoń et al. 2015, R Core Team 2018

Tree-level drought responses

• 12 linear mixed-effects models (4 droughts x 3 drought response indices)

• Species interactions

Stand-level drought responses

• 3 linear mixed-effects models (3 drought response indices)

• Interactions with drought year

Selected predictors

• Variables in models: correlation < 0.5, variance inflation factor (VIF) < 2

• Tree-level (5): Sp = species, APAR = absorption of photosynthetically active radiation, NI Aa
= competition by Abies alba, BA = stand basal area.

• Stand-level (6): Yr = drought year, BA = stand basal area, DBH = mean stand DBH, Pa =
proportion of Picea abies, Lastth = years since last intervention, BAth = basal area removed.
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Statistical analyses
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Results: tree-level responses

Positive 
effect

Negative 
effect

Sp: factor:
Abies alba (Aa) vs. 

Picea abies (Pa)

R2 from 0.16 to 0.47

Positive 
effect

Negative 
effect
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Results: stand-level responses

R2 from 0.51 to 0.74

Yr: factor
• 1984, 2003, 2011
• Reference 1991

Positive 
effect

Negative 
effect



Hanewinkel et al. 2013, Temperli et al. 2013, Yue et al. 2014, Zang et al. 2014, Vitali et al. 
2017, Vitasse et al. 2019a, Vitasse et al. 2019b, a.o.

1984,1991 2003,2011

Higher resistance and resilience of fir than spruce
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Discussion



Bennett et al. 2015, Sohn et al. 2016, Bottero et al. 2017, a.o.

• Species main variable influencing individual drought
response.

• Larger trees suffer more to drought.

• Stand basal area has negative influence on drought
response.

• Influence of drought on the interplay among predictors.
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Discussion: implications for forest management
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