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= Strong modeling
capabilities
= Fire

Key research objectives = Biodiversity

Tapajés National Forest, Brazil (c) Kirsten Thonicke

Our research focuses on the following three aspects

« Functional diversity, elasticity of ecosystems and ecological tipping points

¢ Impacts of extreme events and (fire) disturbances on ecosystems

¢ Shifts in ecosystem services, role of natural vegetation and climate regulation services Kirsten Thonicke

Deputy Head of Research
As each of these research topics shows strong implications on the others, we are aiming for a high level of Department

integration. Earth System Analysis
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Workpackage — Forests and Biodiversity

Important contribution of forest recovery v
for climate change mitigation ZB Egcc
Goals
* Identify contribution of natural forest recovery to
CAPACITY : ecosystem services carbon storage, local climate
e BUILDING ' regulation
&b a; § i * Investigate recovery of functional biodiversity
ERICUI.TURT: KNOWLEDGE . . ?lmulate for:est recovery trajectories under the
TRANSFER impact of climate change
’. sy i INCL. Tools
A H]REST-»S‘E BIUDIYERSU«Y VISUALIZATION LPJmL FIT model

MIGRATION P

Provide scientific basis for
reforestation and mitigation
plans — Policy brief and Online
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Our tool: the individual tree dynamic global vegetation
model ‘LPJmL-FIT’

B-EPICC’s workpackage on Forests & Biodiversity a \
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The LPImL-FIT model (flexible individual traits) ohenology

[ Saplings grow and compete for ] phenpgy = feold * fiight - fwater - fhea
light and water resources

Functional Unit: Individual tree

where phenppr is the daily phenological status (ranging be-
tween 0 and 1) representing the fraction of full leaf cover-
vegetaﬂon dynamics age currently attained by the PFT, reduced by the green-leaf
Established forest community
with herbaceous understorey

Tree establishment »

Step 1:
establish 100 tree saplings per patch

‘ AwgnparametertoPFT I

DrawSLAfrom Draw WD from
Tid't.waterJ PFTrange PFT range J
v
Step 3:
Apply LES rules
|
v *
Leaf
LOMWJ Vm J wo J
‘ ‘ SLA (mm2mg™)
6 8 10 12 14

sup4 A@mpamm;:_trto mdvudmltreesapim

Light competition: reaching canopy layers
04 . 0.6

LPJmL-FIT establishes individual trees with a number of variable traits WD (g em™)
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 LPImL-FIT model (flexible individual traits)

Sarah Bel




2.1 The LPImL-FIT model (flexible individual traits)

TRY database — filter for global entries for broadleaved-trees

—
(=
-~

LL (month)

Log mortality rate

.. .
I I T I T T T
! 10 2030 0.3 0.5 0.7 0.9

SLA (i mg™) Wood density
Sakschewski et al., 2015 Chave et al. 2009

* Regression LL-SLA fit derived from TRY data

» trade-off’: thin/soft leaves (high SLA) highly

e Measurement sites productive but shortlived; thicker leaves (low SLA)
e Institutes 6 8 10 2 14 higher LL as more resistant to physical stress and

Patzsecpa | N herbivory
Respiration . . ops
PlantLfespan | 000 » Higher WD: lower mortality probability (more

SI—A WoodDensity Gr‘OWt FO rm
Phenology Type LeafN 0.4 0.5 06 07 0.8 resistant to stress)
LeafP PhotosyntheticCapacity WD (g cm™3)

MaxPlantHeight

https://www.try-db.org/TryWeb/Home.php
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Case study: Resilience of forests to climate change
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LETTERS i d
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PUBLISHED ONLINE: 29 AUGUST 2016 | DOI: 10.1038/NCLIMATE3109 Di_‘_) g | 0?
age .\ ‘ 6
Resilience of Amazon forests emerges from plant -
trait diversity |s
Boris Sakschewski?*, Werner von Bloh'?, Alice Boit"?, Lourens Poorter?, Marielos Pefia-Claros?,
Jens Heinke'2, Jasmin Joshi* and Kirsten Thonicke'2 450
2 PFTs: ‘tropical broadleaved evergreen tree’ o
. . _C
and ‘tropical broadleaved rain-green tree’ p 4007 >
(fixed trait values) 9 fo
: , N £ A
Low-diversity model (individual trees) s
L ~—— High-diversity model 11
——— Standard mode| (average individuals) 300 | Low-diversity model
. : . Standard model |
Vs. Individual trees with randomly assigned e 0
different trait combinations 2> 250 = 1 | J | l .
' - : 1900 2100 +200 +400 +600
High-diversity model .
ear

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

Plant trait min max _ ! '

2 - vegetation model LPJmL under a severe climate change scenario (RCP.&
SLA (mm“ mg ') 2.28 31.85 annual temperature difference to the mean temperature of pre-img
LL (month) 1.70 91.60 K.
Nyrew (9 M™) 0.96 4.30
VemaX, eans (Hmolm™s™) 30.47 101.88

WD (g cm'?'} 0.14 1.30 gation in Ethiopia



https://www.nature.com/articles/nclimate3109#MOESM456
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Case study I: Resilience of forests to climates

E
change £
RelY
» & % a, Mean biomass contribution of
RCP 45 g 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-
E impact time, respectively (top to
b .2_)0 bottom). Different crown (stem)
RCP 8.5 = colours denote different SLA (WD)
& values of individual trees. Crown
87% = . .
size, stem diameter and tree
height are scaled by model output.
Green squares indicate tree gaps
covered by herbaceous plants.
E
=
Amazon area Higher resilience for -%
showing resilience =
- High-diversity model d
B >s50% =
. Low-diversity model
B 0%
. No difference
. . . . .- SLA (mm2mg™)
high-diversity model is always more resilient, even . . .

though the positive contribution of plant trait |

10 12 14
diversity to biomass resilience is limited by climate . T
0.6 a7 0.8

change intensity

I Eth' o4 05 . 0
WD (g cm™3)



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

Modeling forest and biodiversity recovery
in ETHIOPIA

B-EPICC’s workpackage on Forests & Biodiversity




Activity VI.1.1 Modeling reforestation and biodiversity for (sub-)tropical forests in
ETHIOPIA

» The LPJImL-FIT model will be initialized for selected forest sites in the target countries and validated with
observational data

Forest Dynamics in LPJmL-FIT

Input
P (flexible individual traits)
ePrecipitation, radiation, temperature eBiomass .
*Soil texture, hydraulic properties eTrait ranges First testruns ok,

model validation
for Africa /
Ethiopia: to do

eEvapotranspiration
eForest cover
eForest productivity

vegetation C (kg/m2)
(mean 1984-2014)

eRange of traits
Lack of data

eCompetition for light and water

B eResource aquisition strategies
ﬁ TRY Database measurement eResistance against stress factors

data coverage eProductivity
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Activity VI.1.1 Modeling reforestation and biodiversity for (sub-)tropical forests in
ETHIOPIA

» First testruns: OK, model validation for Africa / Ethiopia: Work in progress

» Collection of publications, data, measurements on biomass, tree height, traits, evapotranspiration

RESEARCH ARTICLE = () Full Access

Original Paper | Published: 25 April 2012
Environmental and anthropogenic factors affecting natural

_ Foliage dynamics, leaf traits, and growth of coexisting
regeneration of degraded dry Afromontane forest evergreen and deciduous trees in a tropical montane

Hadgu Hishe B4 Kidane Giday, Tobias Fremout, Aklilu Negussie, Raf Aerts, Bart Muys fOI‘est 111 E’[hlopla

L L O e L T R NI P S A |

Journal of Forestry Research (2013) 24(3): 419430

AA S AT ATA | ibobiee. 4

Yigremachew Seyoum &, Masresha Fetene, Simone Strobl & Erwin Beck
DOI10.1007/511676-013-0374-5
ORIGINAL PAPER Trees 26, 1495-1512 (2012) | Cite this article

596 Accesses | 14 Citations | Metrics

Vegetation structural characteristics and topographic factors in the

Contants lists avallabls 2t SclsncaDiract S
L=
remnant moist Afromontane forest of Wondo Genet, south central Forest Ecology and Management ok et
Ethiopia journal hamepage: www.aslsaviar.com/flocata/foreco
Mamo Kebede * Markku Kanninen » Eshetu Yirdaw * Mulugeta Lementh
S —— ° WOOd density Tree dieback affects climate change mitigation potential of a dry @CW&

afromontane forest in northern Ethiopia
Global Ecology and Conservation

Mulugeta Mokria *®*!, Aster Gebrekirstos®, Ermias Aynekulu®, Achim Briuning ®

* Tree height

.o :wmr_id’ﬂgm_ro_mny Centre (ICRAF), United Nations Avenue, .0 Bax 30677-00100, Nairobi, Kenya
[ ] S p e C I fl C I e af a re a Mstirute of Geography, Fnedrich-Alexander-University Erlangen-Nuremberng, Wetterkreus
* Rooting depth

journal homepage: http://www.elsevier.com/locate/gecco

Original Research Article

Climate change and its effects on vegetation phenology across

ecoregions of Ethiopia e Evergreen or decidous strategy
Tenaw Geremew Workie **, Habte Jebessa Debella " * Species richness or other diversity measures
* Entoto Observatory and Research Centre (EORC), Ethiopia

" College of Natural Sciences, Department of Zoological Sciences, Addis Ababa University, Ethiopia
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Activity VI.1.1 Modeling reforestation and biodiversity for (sub-)tropical forests in

ETHIOPIA

» Collection of publications, data, measurements on biomass, tree height, traits, evapotranspiration
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Figure 1: Forest cover of Ethiopia

Somali
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Regeneration of forests

* Tree planting initiative in Ethiopia
* Natural regeneration of forests as a cost-effective measure
* (assisted) natural regeneration: climate resilient vegetation, local biodiversity

Woody species only regenerate naturally when roots or seeds are available in the soil. This may occur in three general ways.

LIVESTOCK AS A SOURCE ROOT SYSTEMS AS A SOURCE NATURAL REGENERATION
OF NATURAL REGENERATION OF NATURAL REGENERATION FROM “SEED MEMORY™

Source: World Resources Ins
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Activity VI.1.2 Policy advice and preparation of joint recommendations for action

Ministry of Environment, Forest and Climate Change (MEFCC): “National Tree-Based Landscape Restoration

Potential and Priority Maps (2018)”".

Combined tree-based restoration potential by priority level

- Priority 1 for cross-sectoral implementation

[ Priority 2 for cross-sectoral implementation

[ Priority 3 for cross-sectoral implementation

[[] Combined potential not prioritized for cross-sectoral implementation
D No combined potential for tree-based landscape restoration

Map 1a | Extent of Combined Potential for Tree-Based Landscape Restoration
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Our approach can aid to understand forest and biodiversity recovery in the priority a
taking future climate scenarios into account




Activity VI.1.2 Policy advice and preparation of joint recommendations for action

» The recommendations for action will be developed together with the project partners on the ground and operational
points for policy advice will be developed

/R A\ e 7

By
Ethiopian /2 i Ethiopian Forestry
e Development

PRTC AP PR ATIT

Welcome to the Center of Origin & Diversity, Ethiopia

Possible partners, stakeholders, decisionmakers and interested organisations
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