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1. Introduction
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Ecosystems in Transition

4https://www.pik-potsdam.de/en/institute/departments/earth-system-analysis/research/ecosystems-in-transition

 Strong modeling 
capabilities

 Fire
 Biodiversity  

https://www.pik-potsdam.de/en/institute/departments/earth-system-analysis/research/ecosystems-in-transition
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B-EPICC‘s workpackage on Forests & Biodiversity in Brazil

Goals
• Identify contribution of forest recovery 

to ecosystem services carbon storage, 
local climate regulation

• Investigate recovery of functional 
biodiversity

• Simulate forest recovery trajectories 
under the impact of climate change

Important contribution of forest recovery
for climate change mitigation

Tools
LPJmL FIT model

Communication and application
Stakeholders, communication



Background – Potential of secondary forests: C sink potential
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Heinrich et al., 2021

Climatic conditions and repeated disturbance 
may lower C sink potential of secondary 
forests

Low Maximum Climatic Water Deficit (MCWD)

Single vs. Repeated 
deforestation, burnt or 
not burnt

High Maximum Climatic Water Deficit (MCWD)



Background – Potential of secondary forests: Biodiversity recovery

 Secondary forests recover remarkably fast in species richness but slowly in species composition
 Secondary forests take a median time of five decades to recover the species richness of old-

growth forest (80% recovery after 20 years)
 Full recovery of species composition takes centuries (only 34% recovery after 20 years)

Rozendaal et al., 2019 



Poorter et al., 2021

Key questions: 
• Which forest attributes take how long to recover?
• Under which conditions?
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Background – Potential of secondary forests: C sink and biodiversity recovery

biomass

diversity



SSPs for Brazil

Work at INPE: 
- regional adaptation of SSPs for Brazil (Bezerra et al., 2022)
- Land-use emissions NDCs (Wiltshire et al., 2022) 

• How can secondary forests (focus on natural regrowth) contribute to Brazils NDCs
• Given the future projections 



2. Tools – Modeling Capabilities at PIK
Potsdam Institute for Climate Impact Resesarch
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LPJmL (Lund-Potsdam-Jena managed Land)

Modeling capabilities at PIK / Dynamic Global Vegetation Models
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• Fire, landuse, 
natural vegetation

• PFT plant 
functional types

• Big leaf approach

● Dynamics of both natural and managed 
vegetation (agriculture, bioenergy 
plantations, irrigation)

● different plant functional types (PFTs)
● productivity
● mortality
● competition
● process-based fire model (SPITFIRE)
● advanced land use
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Pop. Density
Lightning
Wind speed

LPJmL: Schaphoff et al. (2018 a and b)

* LPJmL-mdi: 
Forkel et al. 
(2014)

*

SPITFIRE Model fully coupled to LPJmL
https://gmd.copernicus.org/articles/12/5029/2019/

https://gmd.copernicus.org/articles/12/5029/2019/


Studying the Earth system with the ESM 
CM2Mc-LPJmL

Marine biosphere
BLING

13Geophysical Fluid Dynamics Laboratory (NOAA) / PIK Potsdam

 Comprehensive biophysical 
feedbacks

 Process-based fire model
 Advanced land use modeling

https://www.pik-potsdam.de/en/institute/departments/earth-system-analysis/models/poem

POEM (Potsdam 
Earth System Model)

Vegetation feedback to atmosphere

https://gmd.copernicus.org/articles/14/4117/2021/

https://www.pik-potsdam.de/en/institute/departments/earth-system-analysis/models/poem
https://gmd.copernicus.org/articles/14/4117/2021/


Tools @ PIK: Dynamic Global Vegetation Models
 LPJmL (Lund-Potsdam-Jena managed Land)
PFT based model

Modeling capabilities at PIK
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Schaphoff et al., 2018 LPJmL Model

Functional diversity

LPJmL FIT
• All basic processes of 

LPJmL
• Gap model approach 

to simulate individual 
trees

• Each tree has a unique 
set of traits (SLA, WD)

• PFT plant functional 
types

• Big leaf approach

© Sakschewski

Plant traits – morphological, anatomical, 
physiological or phenological features 
measurable at the individual level
(Violle et al. 2007) 

Sakschewski et al., 2015 
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.12870

LPJmL-FIT: 
LPJmL with Flexible Individual Traits

Individual trees characterized 
by unique set of functional 
traits compete and form a 
forest community adapted to 
local climate and resources

Vs.

https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.12870


Functional Unit: Individual tree

Step 1:
establish 100 tree saplings per 
patch                               

• LPJmL-FIT establishes individual trees with a number of variable traits
• These traits range within their globally observed boundaries in natural ecosystems because their ranges 

are constrained by empirically derived trade-offs following the theory of LES and SES.
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The LPJmL-FIT model (flexible individual traits)

Established forest community 
with herbaceous understorey

Light competition: reaching canopy layers

Saplings grow and compete for
light and water resources

© Billing, Sakschewski

phenology
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The LPJmL-FIT model (flexible individual traits)

© Sakschewski

Watch animation at:
https://static-
content.springer.com/esm/art%3A10.103
8%2Fnclimate3109/MediaObjects/41558
_2016_BFnclimate3109_MOESM457_ES
M.mov



• LPJmL-FIT incorporates empirical ranges of five traits of tropical trees extracted from the TRY global 
plant trait database

• specific leaf area (SLA), leaf longevity (LL), leaf nitrogen content (Narea), maximum 
carboxylation rate of Rubisco per leaf area (vcmax,area), and wood density (WD). 

Dynamic Global Vegetation Models:
PFTs (plant functional types) with 
fixed set of functional traits

17

The LPJmL-FIT model (flexible individual traits)

Leaf traits and stem traits



Incorporation of two ecological concepts to
diversify functional traits

Wright et al. 2004 Chave et al. 2009

WD is linked to tree mortality following the idea of the stem 
economics spectrum (SES, Baraloto et al., 2010).

The leaf traits are linked by empirically established trade-
offs based on the leaf economics spectrum (LES) (Reich 
et al., 1997, 1999; Wright et al., 2004; Shipley et al., 2006) 
which describes a set of leaf trade-offs explaining 
worldwide leaf investment strategies 18

2.1 The LPJmL-FIT model (flexible individual traits)

https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12870#gcb12870-bib-0005
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12870#gcb12870-bib-0085
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12870#gcb12870-bib-0086
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12870#gcb12870-bib-0121
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12870#gcb12870-bib-0101


TRY database – filter for global entries for broadleaved-trees

Measurement sites
Institutes
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2.1 The LPJmL-FIT model (flexible individual traits)

https://www.try-db.org/TryWeb/Home.php

Sakschewski et al., 2015

• Regression LL-SLA fit derived from TRY data
• ‚trade-off‘: thin/soft leaves (high SLA) highly 

productive but shortlived; thicker leaves (low 
SLA) higher LL as more resistant to physical stress 
and herbivory

https://www.try-db.org/TryWeb/Home.php


3. Case studies

20
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Case study I: Resilience of forests to climate change



Case study I: Resilience of forests to climate change

Sakschewski et al. 2016
Nature Clim. Change

Climate input: Strong CC scenario (RCP 8.5)
400ha of forest simulated in Ecuador

Biodiversity as an 
‚insurance‘ for the 
resistance of forests 
under climate change?

22



Case study I: Resilience of forests to 
climate change

2 PFTs: ‘tropical broadleaved evergreen tree’ 
and ‘tropical broadleaved rain-green tree’ 
(fixed trait values)

(individual trees)

(average individuals)

Vs. Individual trees with randomly assigned 
different trait combinations 

Annual biomass over 800 simulation years for 400 ha of Ecuadorian rainforest (longitude: 
77.75° W; latitude: 1.25° S, Supplementary Fig. 10) from three different versions of the 
vegetation model LPJmL under a severe climate change scenario (RCP 8.5 HadGEM2). ΔT: 
annual temperature difference to the mean temperature of pre-impact time (1971–2000) 
in K. 23

https://www.nature.com/articles/nclimate3109#MOESM456


Case study I: Resilience of forests to 
climate change

a, Mean biomass 
contribution of tree height 
classes for pre-, mid- and 
post-impact time (Methods). 
b, Visualization of model 
output (also see 
Supplementary Movie 1) 
showing 0.5 ha of the 400 ha 
of Ecuadorian rainforest in a 
selected year during pre-, 
mid-, and post-impact time, 
respectively (top to bottom). 
Different crown (stem) 
colours denote different SLA 
(WD) values of individual 
trees. Crown size, stem 
diameter and tree height are 
scaled by model output. 
Green squares indicate tree 
gaps covered by 
herbaceous plants.
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high-diversity model is always more resilient, even 
though the positive contribution of plant trait 
diversity to biomass resilience is limited by climate 
change intensity

https://www.nature.com/articles/nclimate3109#Sec2
https://www.nature.com/articles/nclimate3109#MOESM456


Case study II: Functional diversity of forests along a climate gradient

25



26

Niche 
differentiation

Thonicke, Billing et al., J Biogeogr 2020, https://doi.org/10.1111/jbi.13809

Case study II: Functional diversity of forests along a climate gradient

LPJmL-FIT model 
adapted for Europe

boreal vs. temperate
broadleaved vs. needle-leaved

© Billing, Thonicke

https://doi.org/10.1111/jbi.13809
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Functional Diversity

Thonicke, Billing et al., J Biogeogr 2020, https://doi.org/10.1111/jbi.13809

Case study II: Functional diversity of forests along a climate gradient

• 3D trait space – each tree is one point
• High functional richness means that in the ecosystem 

a broad range of nices is occupied
• It can be an indicator of resilience of ecosystems to 

disturbance 

© Billing, Thonicke

https://doi.org/10.1111/jbi.13809


Components of Functional Diversity

 Functional Richness:

 Span of occupied niches

 size of potentially available, environmental 
niches

 Functional Evenness:

 Regularity of the distribution
within trait space

 High Evenness -> efficient resource use

 Functional Divergence:

 Degree of niche differentiation

 High Divergence -> high competitive 
exclusion

28World Biodiversity Forum 2020, Davos

Carmona et al. TREE 2016© Thonicke
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Functional richness Functional Divergence

Thonicke, Billing et al., J Biogeogr 2020, https://doi.org/10.1111/jbi.13809

Functional Richness:
Span of occupied niches
size of potentially available, 
environmental niches

Functional Divergence:
Degree of niche differentiation
High Divergence -> high 
competitive exclusion

Case study II: Functional diversity of forests along a climate gradient

In megadiverse 
ecosystems, functional 
diversity is an important 
measure

© Billing, Thonicke

https://doi.org/10.1111/jbi.13809


Case Study III: Flexible rooting schemes improve
evapotranspiration simulation

30



BEFORE:
• LPJmL4.0: fixed root biomass distribution with

depth and fixed rooting depth for all trees and tree
saplings!

• Limits the access of trees to water

Jackson et al 1996

Cumulative root fraction (Y)

Flexible rooting schemes improve evapotranspiration simulation

• DGVMs oversimplify representation of belowground dynamics (root growth, 
distribution, water uptake, nutrient dynamics)

So
il

de
pt

h
(c

m
)

Sakschewski et al., 2021
Improved root growth and biomass 
distribution in LPJmL model

https://bg.copernicus.org/articles/18/4091/2021/bg-18-4091-2021-discussion.html

https://bg.copernicus.org/articles/18/4091/2021/bg-18-4091-2021-discussion.html


The problem with the ‚fixed roots‘ approach
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Evapotranspiration
Observed
Simulation

Trees have water access during dry season

Photo: Boris S.

Flexible rooting schemes improve evapotranspiration simulation

Santarém, Brazil
Up to 4 months with P < 100 mm

© Sakschewski



NEW: logistic growth function: root systems 
grows with tree height

D95 = depth where 95% of 
root biomass is located

33

Flexible rooting schemes improve evapotranspiration simulation

NEW: introduce various possible root biomass 
distributions (ß parameter)– competition for 
water

Based on Brum et al., 
2019: DBH vs. 
effective functional
rooting depth



Flexible root growth scheme I
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10 different ß paramters describe fine 
root biomass distribution with depth

Shallow root system intermediate root system deeper root system

© Sakschewski



Flexible root growth scheme II
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Depth of root system grows with increasing 
tree height (logistic function), root biomass 
distribution depends on ß parameter

34.5 m 
tree height16.5 m 

tree height10 m 
tree height

49.5 m 
tree height

© Sakschewski



Flexible root growth scheme III

Once bedrock layer is reached, new 
root biomass is allocated to last soil 
layer until tree reaches its final height

36

© Sakschewski



FLUXNET sites used for ET and NPP validation
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Flexible rooting schemes improve evapotranspiration simulation

Trees in LPJmL can now sustain
ET during the dry season as
they can access water from
deeper soil layers

https://bg.copernicus.org/articles/18/4091/2021/bg-18-4091-2021-discussion.html

new ‚flexible‘root approach

old ‚fixed‘ root approach

observation

https://bg.copernicus.org/articles/18/4091/2021/bg-18-4091-2021-discussion.html


Manaus:
mean annual precipitation: 2609 mm
Mean MCWD: -222 mm
Sub-PFT with D95_max = 0.5m contributes 
most to overall NPP 
NPP-weighted D95_max = 1.52 m

Santarém:
mean annual precipitation: 2144 mm
Mean MCWD: -465 mm
Sub-PFT with D95_max = 10m contributes 
most to overall NPP 
NPP-weighted D95_max = 10.26 m

38

Flexible rooting schemes improve evapotranspiration simulation

https://bg.copernicus.org/articles/18/4091/2021/bg-18-4091-2021-discussion.html

https://bg.copernicus.org/articles/18/4091/2021/bg-18-4091-2021-discussion.html
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• FPC (foliage projective cover) for tropical 
evergreen vs deciduous trees

• Evergreen forests extend in regions with a dry 
season

• LPJmL fixed roots (LPJmL 4.0) underestimates 
extent of evergreen trees in eastern Amazon 
basin

• Variable root version LPJmL VR best vs. observed

https://bg.copernicus.org/articles/18/4091/2021/bg-18-4091-2021-discussion.html

https://bg.copernicus.org/articles/18/4091/2021/bg-18-4091-2021-discussion.html


4. Outlook
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Outlook on planned activities for B-EPICC Project in Brazil

Workpackage I: Validation of LPJmL-FIT VR (variable roots) in Brazil

• Validate LPJmL-FIT with new flexible tree roots for selected forest sites in Brazil
• Selection of sites along gradient in seasonality
• Validation: Biomass, functional traits (SLA, WD, height), ET and NPP measurements, rooting

depth and distribution
• Simulations with historical climate
• Amazon basin runs

41© Bereswill



Outlook on planned activities for B-EPICC Project in Brazil
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• Apply adapted LPJmL-FIT for Amazon
• Set-up trajectories of forest recovery
• Consider land-use history and future
• Transient runs under future climate

change scenarios
• Derive maps of functional diversity for

Brazil

Workpackage II: Modeling the potential of Brazils secondary forests for climate change mitigation and 
biodiversity recovery

Open questions
 Needs
 Stakeholders
 Link to existing modeling efforts in Brazil
 Collaboration with researchers in Brazil



Thank you!
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sarah.bereswill@pik-potsdam.de
https://www.pik-potsdam.de/members/bereswil

mailto:sarah.bereswill@pik-potsdam.de
https://www.pik-potsdam.de/members/bereswil
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