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Abstract: Natural climate solutions (e.g. forest restoration) have become a strong focus of
recent scientific discourse, as they offer large potentials for Carbon Dioxide Removal and can
therefore make a major contribution towards reaching net-zero emissions until 2050 under the
Paris agreement. However, there is still a large disagreement on how much carbon can be
sequestered in the future by the natural sinks on land, which strongly depend on the future
greenhouse gas concentration pathway and the impact of climate change on the vulnerability of
terrestrial ecosystems. The project “High-resolution monitoring of avoided carbon emissions
and carbon restoration potentials from land use change®“, funded by the
Stifterverband/Volkswagen AG, aims at quantifying the variability of sub-component carbon
fluxes (e.g. forest degradation) and their drivers (anthropogenic vs. natural). In the first phase
of the project we have assimilated observations of vegetation biomass in a modeling framework
to use this data-model framework to separate the observed carbon stock changes into the two
terrestrial terms of the anthropogenic carbon budget (Friedlingstein et al., 2020), namely net
land-use change emissions and the natural terrestrial sink. We have found that in particular the
natural sink term is highly variable, more so than studies with dynamic global vegetation
models have previously suggested (Bultan et al., in prep). In the study by Loughran et al. (2021),
we have investigated the role of internal climate variability (as represented by the MPI-ESM
large ensemble) for the two terrestrial budget terms, finding large variability in the natural sink
term in response to internal variability. This high variability sheds doubt on the reliability of
the terrestrial carbon sinks in the future, be they natural or induced by land-use changes such
as afforestation for Carbon Dioxide Removal. In a next step, we therefore want to analyze the
role of internal variability for the terrestrial carbon budget terms under future climate change
scenarios. Building upon the model setup in Loughran et al. (2021), we will force the Land
Surface Model JSBACH3 (Reick et al., 2021) with climate data from the MPI-ESM-Grand
Ensemble (GE) (Maher et al., 2019). We will adjust the setup used in Loughran et al. (2021) to
a higher temporal resolution and the inclusion of further emissions scenarios to analyze a) how
future carbon sink potentials differ depending on the greenhouse gas scenario, b) which regions
will be especially vulnerable in the future due to climate change induced disturbances (e.g.
droughts) and the occurrence of extreme events, and which regions will provide large potentials
for natural climate solutions. The use of sub-daily climate forcing and daily output for
JSBACHS3 ensures a large amount of simulated time steps, which is especially valuable for the

analysis of extreme events.
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