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Achievements for 2019: 
 
MPI-M: 
HighResMIP simulations for stream 1 simulations of PRIMAVERA are now complete. With the 
computational resources afforded to us by DKRZ, we were able to complete 3 sets of 3 ensemble 
member simulations of 100-year long 4xCO2 simulations, with respective resolutions in NR, HR and 
ER. This allows us to study the impact of resolution and in particular the role of ocean eddies on the 
response of the climate system through their contributions on global ocean heat uptake. We find that 
global mean surface temperature does not rise as fast as with an eddying ocean (Fig. 1a) and is consistent 
with a larger ocean heat uptake by the eddying ocean (Fig. 1b). A keener look into the depth profiles of 
changes in ocean heat content suggests that differences in vertical eddy temperature flux convergence 
arising from varying resolution (Fig. 1c) contributes to greater deep ocean heat storage (depths below 
2000m) in an eddying ocean relative to non-eddying ocean (Fig. 1d).  
 

 
Figure 1: a) Difference in the response of global mean surface temperature by varying resolution; b) 
difference in response of ocean heat uptake by varying resolution; c) depth profile of difference (ER-
NR) in response of rate of change of global ocean heat content, accumulated for each decade; d) similar 
to (c) but for vertical eddy temperature flux convergence.  
 
 
Based on 100-year long control simulations with the MPI-ESM1.2-HR model, the effect on the ocean 
mean state of the newly implemented IDEMIX scheme was evaluated. In total, four HR simulations 
with different ocean vertical mixing schemes were compared. The reference simulation used the default 
PP scheme. Sensitivity simulations were run with the KPP scheme, TKE scheme, and TKE+IDEMIX 
scheme.  
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To a leading order, we conclude that the choice of the mixing scheme has minor effect in terms of model 
biases. The biases related to the TP04 grid dominate most regions of the World’s Ocean. In particular, 
in the Atlantic we notice biases of too warm and saline water masses originating from the Mediterranean 
Overflow and from the Agulhas Current System. The bias in these water masses can be traced from the 
Atlantic over the GIN and Nordic Seas to the Arctic Ocean. Most of these biases diminish if an eddy-
resolving ocean resolution is used, as in the MPI-ESM1.2-ER (Gutjahr et al., 2019). However, we notice 
improvements from IDEMIX that reduce the bias similarly as the eddy-resolving ocean does. The largest 
improvement is thereby the improved circulation and mixing in the GIN Sea and at Fram Strait that 
reduces the warm bias of the Atlantic Water layer in the Arctic Ocean (Fig. 2). Recently, it was shown 
that a high resolution, eddy-resolving ocean is needed in order to remove this bias (Wang et al., 2018; 
Gutjahr et al., 2019). Our results demonstrate, however, that the prognostic simulation of internal wave 
energy and its dissipation is crucial to improve the Atlantic water layer temperatures in Arctic Ocean. 
The reduction of this bias is not only important for the Arctic Ocean but might also impact the European 
climate, as the heat content of the Arctic Ocean influences the meridional temperature gradient and thus 
the west wind drift.   
 

	

Figure 2: Temperature bias at 740m depth to EN4 for MPI-ESM1.2-HR (model year 80 to 100) with (a) 
PP scheme, (b) KPP scheme, (c) TKE scheme, and (d) TKE+IDEMIX scheme. 

 



AWI: 

We completed HighResMIP Stream 1 simulations for Low (LR) and High Resolution (HR) 
setups as well as 2 additional “mixed” runs (HR ocean with T63 atmosphere and LR ocean with 
T127 atmosphere). The simulations allowed us to analyze influence of ocean and atmospheric 
resolution on simulated climate. Fig. 3 demonstrates that, first, we can improve Gulf Stream 
position increasing atmospheric resolution only in case if ocean is properly resolved too. For 
LR ocean the increase of atmospheric resolution does not play significant role. Second, 
independent on atmospheric resolution we see significant difference in climate change signal 
in the North Atlantic for HR and LR oceans. Further details can be found in Rackow et al., 
2019.  

 

Figure 3: Upper: ocean surface velocity difference (T63-T127) for LR and HR ocean setups. Lower: 
SST change for spp8.5 scenario (2070-2099 – 1976-2005). 

In parallel to Stream 1 simulations the frontier runs were carried out. Because of the 
development of finite volume version of FESOM (FESOM2) which is ca. 4 times faster than 



FESOM1.4 (Koldunov et al., 2019b, Scholz et al., 2019, Sidorenko et al., 2019) we decided to 
increase resolution in our frontier ocean setup. Instead of our previous XR setup which was 
adjusted to the half of the baroclinic Rossby radius with 4 km minimal resolution, we created 
so-called Rossby4.2 setup which resolution is adjusted to ocean eddies activity, quarter of the 
Rossby radius and has 2km minimal resolution. 

 

Figure 4: Hierarchy of FESOM/FESOM2 setups (Scholz et al., 2019). Setups which were used in 
PRIMAVERA framework are marked (LR,HR,XR,Rossby4.2)  

Unfortunately because of the technical problems we were not be able to finish our frontier 
coupled simulations having at the moment only 40 years spin-up. But even at this stage we can 
see a big improvement in representation of ocean circulation in the North Atlantic, compared 
with our XR setup. For example, figure 5 demonstrates, that our new frontier setup is able to 
reproduce so-called Northwest Corner in Labrador Sea and shows very different eddy activity 
there. 



 

Figure 5: 100m velocity snapshot after 30 years of integration. 

Further details of AWI activity during 2019 in the framework of PRIMAVERA project can be 
found n listed below publications  
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