Naturlicher Klimaschutz aus Sicht der
Klimawissenschaft

5.Juni 2023
Nachhaltigkeitsforum 2023 zum Thema , Naturlicher Klimaschutz”

Prof. Markus Quante und Prof. Vicky Temperton



Biodiversitat - Effekte des Klimawandels und aktiver nicht-
zu-vernachlassigender Akteur fir die Anpassung

Die Vielfalt an Arten und Eigenschaften (traits) Die Vielfalt an Lebensraumen (Mosaik in der
Landschaft)



Ecosystem
function
(resource capture,
biomass production,
decomposition, nutrient
recycling)

Biological diversity
(variation in genes, species,
functional traits)

Cardinale, B. 1., Duffy, J. E., Gonzalez, A., Hooper, D. U.,
Perrings, C., Venail, P, ... & Naeem, 5. (2012). Biodiversity
loss and its impact on humanity. Nature.

- diverse Systeme sind
resilienter/widerstandsfahiger:
fallt eine Art aus, kann eine
Okosystemleistung von einer
anderen der zahlreichen Arten
ubernommen werden

LETTER Isbell et al. Nature 2011

doi:10.1038/nature10282

High plant diversity is needed to maintain ecosystem
services
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Figure 4 | The number of study species that promoted ecosystem
functioning increased with the number of contexts considered across all
studies. The points are the number of species that promoted ecosystem
functioning when 1-557 contexts were sampled from all 557 contexts. The
dashed line indicates the total number of studied species (147), which restricts
the upper limit for these values. The xaxis includes variation across years,
places, functions, environmental change scenarios and species pools.

Die Anzahl Pflanzenarten, die zum
Funktionieren vom Okosystem nétig ist,

steigt mit der Anzahl von Jahren, Kontexten,
Orten, Umweltveranderungen



Der Erhaltungszustand von Lebensraumen in Deutschland
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Abb. 4: Erhaltungszustand der Lebensrdume nach Formationen in Deutschland. Vorkommen von Le-

bensraumen in mehreren biogeografischen Regionen werden einzeln bewertet.



RESTORATION
ECOLOGY
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Prioritize grassland restoration to bend the curve
of biodiversity loss

Ingmar R. Staude!-2* ©, Josiane Segar!-* O, Vicky M. Temperton® ©, Bianca O. Andrade®
Michele de $4 Dechoum” @, Emanuela W. A. Weidlich? ®, Gerhard E. Overbeck®
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In times of unprecedented climate change, ccological restoration efforts have astrong focus on forests For the purpose of carbon
sequestration, Grasslands, in contrast, remain rebtively neglected in global restoration policies. Concurrently, we are in the
midst of a biodiversity orisis—it is estimated that 1 million s pecies are globally threatened with extinetion. Here, we present ana-
lyses from central Europe and southermn Brazil that show that the majority of our endangered plant s pecies are in fact found in
open ecosystems, Using Germany as an example, we show that we could reduce plant extinetion risk by up to 82% if we restore
open, grassy ecosystems, This also holds true for southern Brazil, where grassland species cons itute the single largest share of
endangered species, but where grassy coosystems continue to be systematically neglected by restoration policies. We further
expand on our biodiversity argument to include the roke that grassland restoration can play in mitigating climate change.
We posit that ramping up grasskind restoration dfforts may not only be our best bet to bend the curve of biodiversity loss,
bt it will also make a aritical eontribution to the resilience of ecosystems in the dy namic d ecades to come. It is time for grass-
land restoration to receive higher priority in global restoration efforts and policy.

Key words: hiodiversity crisis, ecosystem resiience, extinction risk, forest bigs, natural climate solutions, restoration policy
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82% der Pflanzenarten auf der roten Liste in
Deutschland brauchen viel Licht;

61% brauchen stickstoffarme Bedingungen

Zustand: in Deutschland und in Std Brasilien.



NATURAL CLIMATE
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RESTORATION ECOLOGY

Bastin et al. Science 2019
The global tree restoration potential

Jean-Francois Bastin'*, Yelena Finegold?, Claude Garcia®*, Danilo Mollicone?,
Marcelo Rezende®, Devin Routh’, Constantin M. Zohner', Thomas W. Crowther"

The restoration of trees remains among the most effective strategies for climate change
mitigation. We mapped the global potential tree coverage to show that 4.4 billion hectares
of canopy cover could exist under the current climate. Excluding existing trees and
agricultural and urban areas, we found that there is room for an extra 0.9 billion hectares
of canopy cover, which could store 205 gigatonnes of carbon in areas that would naturally
support woodlands and forests. This highlights global tree restoration as our most effective
climate change solution to date. However, climate change will alter this potential tree
coverage. We estimate that if we cannot deviate from the current trajectory, the global
potential canopy cover may shrink by ~223 million hectares by 2050, with the vast majority
of losses occurring in the tropics. Our results highlight the opportunity of climate change
mitigation through global tree restoration but also the urgent need for action.
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0.9 milliarden Hektar Baumbestand
(canopy cover) mit

205 Gigatonnen Kohlenstoff (C)
Speicherung

o ,Mitigation” (Klimaschutz)
o Die Natur als Wald — ,,tree bias”

Strassburg et al. Nature 2020

Global potential for sequestering
carbon and restoring biodiversity
with ecological restoration.
Tolgyesi et al.

Article

Global priority areas for ecosystem
restoration
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von degradierten Systemen in einen anderen
Lebensraumtyp (Renaturierung): Griinland,
Strauchgebiet, Feuchtgebiet, Wald:
“Global priority areas that account for spatial
variation in benefits and costs have yet to be
identified”
Moglich: 480 Gt C (bis 2100) o

15% Wiederherstellung: 72 Gigatonnen C

Moéglich: 180 Gigatonnen C (bis 2100)

viel weniger als Strassburg, weniger als
Bastin et al. ;

o Realistisch? Schutz oder Renaturierung
von ca. 15-30% der Landschaft (COP 15)
ware ca. 30-60 Gigatonnen C (ahnlich
wie Strassburg et al.).

o ,Mitigation” (Klimaschutz)
o Unterschiedliche Lebensrdaume



Extremwetterereignisse (das Storungsregime) haben zugenommen und
werden sich weiter gewaltig verandern

GLOBAL
WARMING

e
- "h":' ol I T d&"";&”d:dv,;n

Sturm Kyrill

https://public.wmo.int/en/resources/world-meteorological-
day/previous-world-meteorological-days/climate-and-
water/drought



Der Klimaschutz (Climate Mitigation) geht oft von stationdren Bedingungen aus:

Resilienz und Stabilitat der MaRnahmen muss unbedingt mehr Aufmerksamkeit
bekommen

Moglicher neuer Baumbestand
(ohne urbane und
landwirtschaftliche Flachen)

Tree Cover (%)
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Risikogebiete fiir Anderungen im
Baumbestand durch den
Klimawandel
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Fig. 3. Risk assessment of future changes in potential tree cover. (A) lllustration of expected losses in potential tree cover by 2050, under the

“business as usual” climate change scenario (RCP 8.5), from the average of three Earth systern models commonly used in ecology (cesmlcamS, Basti N et a I . SCience 20 19

cesmlbgc, and mohchadgem2es). (B) Quantitative numbers of potential gain and loss are illustrated by bins of 5° along a latitudinal gradient.




DRYLAND FORESTATION

Limited climate change mitigation potential through
forestation of the vast dryland regions

Shani Rohatyrm™, Dan Yakir®*, Eyal Rotenberg®, Yohay Carmel*

Forestation of the vast global drylands has been considered a promising climate change mitigation
strategy. However, its actual climatic benefits are uncertain because the forests' reduced albedo
can produce large warming effects. Using high-resolution spatial analysis of global drylands, we
found 448 million hectares suitable for afforestation. This area’s carbon sequestration potential
until 2100 is 32.3 billion tons of carbon (Gt C), but 22.6 Gt C of that is required to balance
albedo effects. The net carbon equivalent would offset ~1% of projected medium-emissions and
business-as-usual scenarios over the same period. Focusing forestation only on areas with net
cooling effects would use half the area and double the emissions offset. Although such smart
forestation is clearly important, its limited climatic benefits reinforce the need to reduce
emissions rapidly.
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Aufforstung von globalen Trockengebieten als Chance
oder Fehlinvestition durch den verlorenen Albedoeffekt?

C Speicherungspotential bis 2100 betragt 32.3 Gt C
Aber 22.6 Gt C davon wird gebraucht um den
verlorenen Albedoeffekt (durch Verdunkelung der
Oberflache) zu kompensieren.

C Speicherung ist nicht gleich Kiihlung.

+ Verlust an Biodiversitat durch Aufforstung enorm.



Kohlenstoffumsatz und Speicherzeit sollten unbedingt
mitbedacht werden

Environmental Research Letters : ¥y .
RCP 8.5 business as usual
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Grasslands may be more reliable carbon sinks than

forests in Califomia Difference in C-pools between 2090s and 2010s
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ctatiom aadd DO been viewed as robust carbon (C) sinks: however, extreme heat-waves, drought and wildfire have &
(@O increased tree mortality, particularly in widespread semi-arid regions, which account for ~41% of ]
S Farth’s land surface. Using a set of modeling experiments, we show that California grasslands are a 6 -3000
more resilient C sink than forests in response to 21st century changes in climate, with implications for
designing climate-smart Cap and Trade offset policies. The resilience of grasslands to rising
temperatures, drought and fire, coupled with the preferential banking of C to belowground sinks, 4500 B ] »
helps to preserve sequestered terrestrial C and prevent it from re-entering the atmosphere. In contrast, .
California forests appear unable to cope with unmitigated global changes in the climate, switching RCP 2.6 RCP 85 Cycl Drt. Perm. Drt.
from substantial C sinks to C sources by at least the mid-21st century. These results highlight the |
inherent risk of relying on forest C offsets in the absence of management interventions to avoid | >
substantial fire-driven C emissions. On the other hand, since grassland environments, including Increasing drought intensity L~

tree-sparse rangelands, appear more capable of maintaining C sinks in 215t century, such ecosystems
should be considered as an alternative C offset to climate-vulnerable forests. The further development
of climate-smart approaches in California’s carbon marketplace could serve as an example to offset
programs around the world, particularly those expanding into widespread arid and semi-arid regions.

Figure 3. Net C drawdown or Joss in the 21st century, ie. difference between the 20905 and 20105 (10 year means) of vegetation C
{blue), litter C (red), and sod C (yellow) in response to 21st century dimate change. Positive values reveal 2 net increase of a given C
stock, negative values reveal a net decline of (. Unitsare in GgC (10%gC0). As drought, fire and heat intensify from RCP 85 (business as
usual ) to permanent drought scenarios, grasses emernge as the most reliable C sink. In the most extreme permanent drought conditions,
grasses are a net C soarce but still maintain some C sink potential in litter and vegetation pools.

o Mit steigender Trockenheit werden
Okosystemen zu C Quellen (nicht mehr
Senken).

o Grinland ist am resilientesten




Productivity

Was bedeutet das?

o Maoglichst eine Vielfalt an Lebensraumtypen einplanen und
artenreiches Grinland als Hauptkomponente in der Biodiversitatskrise
und Langzeitkohlenstoffspeicherung unterirdisch fordern.

o Genauso viel auf Klimaanpassung setzten.

o Die,Insurance Hypothesis“ anwenden — soviele Arten und so viele
Lebensrdaume schiitzen/wiederherstellen wie moglich.

l Climate disturbance

Predictions of the landscape-moderated
insurance hypothesis on how the productivity of
landscapes with different complexities respond to
climate disturbance (adapted from Tscharntke et
s al., 2012)
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Intermediate complexity

Time



Biodiversitat und Okosystemfunktionen werden oft
innerhalb eines Lebensraumes (Habitat) gemessen,
selten explizit zwischen: Forschungsliicke fir Vergleiche

Die Vielfalt an Arten und Eigenschaften (traits) Die Vielfalt an Lebensarumen (Mosaik in der
Landschaft)



