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Summary of project objectives (10 lines max) 
We aim to perform and analyse several-thousand-year-long simulations for different past periods, such 
as an unforced long pre-industrial control simulation, and forced transient Holocene and Last 
Interglacial simulations in which we have observed the existence of such multi-centennial variability. 
The length of these simulations allows to detect the mechanism of slow physical processes with robust 
statistical assessment. 

 
Summary of problems encountered (10 lines max) 

No problems encountered. 

 
Summary of plans for the continuation of the project (10 lines max) 

1. Although several studies suggest that agriculture already began in the Holocene, characterized 
mainly by non-permanent agriculture (slash-and-burn) from 6000 BP until 3000 BP. To separate 
the effect of anthropogenic land-use on Holocene climate variability, we turn off all human land use 
modules, and run another transient experiment without any human activity interference. By isolating 
the climate system from anthropogenic influences, we can analyze the internal variability and the 
impact of natural external forcings on the climate over multi-centennial timescales.  

2. Our research project on this topic is still ongoing and we will continue the planned simulations in 
the upcoming project, which is described in the new HPC request for 2025-2027. 
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Summary of results 
 
The scientific results from above listed paper 4 and two manuscripts in preparation are summarized 
below. Our simulation data are also used for other projects (Paper 1 and 2) and shared to the 
collaboration projects on paleoclimate research (Paper 3 and 5). 
 
1. Holocene transient simulation with EC-Earth-veg-LR (Zhang et al., in preparation) 

As we reported last year, we have finished one Holocene transient simulation with EC-Earth-veg-LR 
in 2022. The results are promising, the multi-centennial climate variability with a 200-year power 
spectrum peak is evident in our 8000 years simulation (Fig.1). 

 
 

Figure 1. Spectral diagrams and 95 % red noise significance level of global mean temperature filtered with a 
20-year low- pass filter from transient Holocene model simulations. 
 
2. Mechanism study with a 3000-year piControl simulation (Cao et al., 2023) 

 

 
Figure 2. (a∼e) Time series of global mean surface air temperature (GMSAT), ocean heat transport crossing 
40°N in the Atlantic (OHT, 1 PW = 1015 Watt), AMOC index, sea surface temperature (SST) and sea surface 
salinity (SSS) averaged over the subpolar area, along with the low-pass filtered series (red curves, using 
Lanczos method with 201 weights and a 100-year cutoff period); (f) Power spectra of these corresponding time 
series. 

Global mean temperature spectral diagrams (20−year 
low−pass filter) 
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To explain the mechanisms behind this multi-centennial variability, we leveraged both transient and 
equilibrium experiments. While the 8k transient experiment provides insight into how the climate 
responds to changing external forcings, we also analyzed the last 3000 years of data from the 
piControl equilibrium experiment. The piControl with its constant external forcing, allows us to 
investigate the internal variability of the climate system. 
In the piControl experiment, we also observed significant multi-centennial oscillations, spectrum 
analyses of these time series reveal comparable spectra with a distinct peak around 200 years (Fig. 
2). This oscillation originates predominately from the North Atlantic and displays a strong association 
with the Atlantic Meridional Overturning Circulation (AMOC).  

 

 
 
Figure 3. Regression of three direct terms (black, red and blue curves) contributing to seawater salinity 
variations in Box (Box represents the subpolar upper layer from (50 - 80°N, 0-300 meters deep, between 70°W 
to 10°E)), and one indirect term (cyan curve) indicating the southward flow related to the lower branch of the 
AMOC, onto the time series of salinity in Box. 

These results demonstrate that the multi-centennial variability of AMOC in our model is sustained 
by positive feedback from perturbation advection of mean salinity gradients, the negative feedback 
from mean advection of salinity anomalies, and enhanced vertical mixing in the subpolar ocean (Fig. 
3). We will further analyze and investigate the role of external forcing in this multi-centennial climate 
variability using the Holocene transient simulations. 

3. Multi-millennial variability and climate events (Zhou et al., in preparation) 
As shown in Figure 4, our Holocene transient simulation also captured several notable events 
observed in paleo proxy data, such as the 4.2k and 2.8k events. Bond proposed that these events occur 
with a periodicity of approximately 1000-1500 years. To investigate whether our data exhibits similar 
long-term cycles, we applied an 800-year low-pass filter to the global mean temperature. Through 
this filtering, we found a clear oscillation with a period of about 1500 years, indicating that our results 
align with Bond's proposed periodicity.  
Based on these findings, in the next phase of our work, we will continue to delve into this dataset to 
uncover the mechanisms behind this multi-millennial variability. By further analyzing the data, we 
aim to gain a deeper understanding of the factors driving these long-term climate cycles. 
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Figure 4. Global mean temperature with 800-year filter since 8k.  

 
 

Global mean temperature (800−year low−pass filter) 


