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The following should cover the entire project duration.

Summary of project objectives
(10 lines max)

We aimed to perform and analyze several-thousand-year-long simulations for various past climate
periods using the EC-Earth3 Earth system model. Specifically, we conducted an unforced pre-
industrial control simulation, and forced transient simulations for the Holocene and Last Interglacial
periods. These simulations targeted understanding multi-centennial to multi-millennial climate
variability. The project aimed at revealing underlying mechanisms of slow physical processes using
robust statistical methods.

Summary of problems encountered
(If you encountered any problems of a more technical nature, please describe them here.)

Initially, compilation issues arose with the LPJ component of the EC-Earth model. The departure of a
key scientific programmer temporarily impacted problem-solving capabilities. However, after
transitioning to the Atos system and bringing on additional research personnel, these technical issues
were resolved, and no further significant problems occurred in subsequent years.

Experience with the Special Project framework
(Please let us know about your experience with administrative aspects like the application procedure,
progress reporting etc.)

Our experience with the Special Project framework has been highly positive. The administrative
aspects, including the application process and reporting requirements, were straightforward and
efficient, facilitating smooth project progression and transparent resource management.

Summary of results
(This section should comprise up to 10 pages, reflecting the complexity and duration of the project, and can
be replaced by a short summary plus an existing scientific report on the project.)
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Detailed scientific results have been extensively reported in previous annual progress reports with
illustrations and published in multiple peer-reviewed publications as listed. A concise synthesis of the
key findings is presented below.

1. Holocene climate variability

We completed Holocene transient simulation (8000 BP to 2000 AD) with EC-Earth3, confirming
significant multi-centennial climate variability. Spectral analysis revealed dominant variability
periods of approximately 120-150 years, aligning well with proxy records.

We demonstrated the robustness of multi-centennial variability even without solar irradiance forcing,
suggesting internal climate system mechanisms, particularly associated with the Arctic-North Atlantic
region, are key drivers.

2. Mechanisms of AMOC variability
Analysis of a 3000-year pre-industrial control simulation identified a distinct multi-centennial AMOC
oscillation (~200 years). Key sustaining mechanisms include salinity advection feedback, vertical

mixing, and oceanic convection patterns in the North Atlantic subpolar gyre region.

This variability persisted in different forcing scenarios, emphasizing its resilience even under altered
climatic conditions.

3. Multi-millennial variability and climate events

Simulations also captured prominent multi-millennial climate cycles (~1500-year period) and
significant paleo-climatic events such as the 4.2k and 2.8k events, aligning with paleo-proxy records.

Further analysis is ongoing to elucidate mechanisms behind these longer-term cycles.
4. Climate feedbacks and sensitivity studies

We investigated the role of vegetation-climate feedback during the mid-Holocene and demonstrated
amplified Arctic warming due to enhanced vegetation cover.

Conducted sensitivity experiments to isolate anthropogenic land-use impacts, confirming that internal
variability and natural forcings drive significant multi-centennial climate variability independent of
human influences.

List of publications/reports from the project with complete references

The 15 publications listed below since project year July 2022 have acknowledged the HPC and data
support from ECMWF. Some simulations may have done during the previous years. The name(s)
from our group is in bold.
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Future plans
(Please let us know of any imminent plans regarding a continuation of this research activity, in particular if
they are linked to another/new Special Project.)

Future research will focus on detailed sensitivity analyses of individual forcing factors (e.g., volcanic
activity, land-use changes, greenhouse gas concentrations) to further isolate their impacts on climate
variability. We will extend our simulations to investigate dynamic vegetation feedbacks using the
LPJ-GUESS module coupled with EC-Earth4, particularly focusing on the past millennium and Last
Interglacial periods. Continued analysis and simulations planned for the 2025-2027 period will
deepen our understanding of long-term climate dynamics and support comprehensive assessments for
CMIP7 experiments.
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