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Summary of project objectives (10 lines max) 
The objectives of this project are to investigate the nonlinear response of the AMOC to increasing 
concentrations of CO2, and the associated weather impacts of an AMOC decline over the European 
climate. To address these objectives, we proposed to run ad-hoc climate model experiments using the 
EC-Earth3 coupled climate model with varying degrees of coupling between the atmosphere and the 
ocean, specifically using the model in fully-coupled mode (ocean and atmosphere fully coupled) and 
in atmospheric-only mode, in which the atmospheric model is forced by a 12-month climatology of 
sea surface temperature (SST) pattern computed from the fully-coupled simulations. 

 
Summary of problems encountered (10 lines max) 
We didn’t encounter specific problems, however we approached the objectives in a slightly different 
manner. Instead of running simulations with increasing concentrations of CO2, we started by 
performing experiments in which the AMOC is artificially weakened imposing a freshwater flux 
(often referred to as ‘water hosing’ experiment) in the North Atlantic and Arctic Oceans. We decided 
to opt for this different experimental design to better separate the role of AMOC from the effects of 
CO2, which we will explore next. 

 
Summary of plans for the continuation of the project (10 lines max) 
We are currently analyzing the results of the water hosing experiment and we plan to run additional 
years of water hosing in order to have enough model years to compute robust statistical significance 
in the results. As proposed in the original plan, we plan to impose the resulting SST pattern as 
boundary forcing for atmospheric-only simulations. We also have received funding (through a 
MSCA-IF fellowship) to implement a slab-ocean model in EC-Earth3, in which the ocean is thermally 
but not dynamically coupled to the atmospheric model. Hence, we also plan to run a simulation with 
the slab-ocean to test the role of AMOC (which can be set to zero in the q-flux of the slab-ocean) 
using the existing requested hours (note that a slab-ocean simulation consumes about the same core 
hours as an atmospheric-only simulation). 
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Summary of results 

We ran EC-Earth3 in its standard resolution (T255 L91, ORCA1L75) to run a water hosing 
simulation in which we imposed a freshwater flux anomaly of 0.3 Sv in the North Atlantic and 
Arctic Oceans (see fig. 1) for 50 years. After 50 years, we stopped the water hosing and let them 
model freely recover. Then, we examined the climate impacts during the transient climate change 
forced by the AMOC decline (first 50 years). We plan to soon investigate the recovery part of the 
experiment as well. Note that this experiment will also be an ensemble member of EC-Earth3 for a 
larger inter-model comparison (NAHosMIP). 

 

Figure 1: The 0.3 Sv freshwater flux anomaly is applied in the red regions for 50 years. 
 
Fig. 2 shows the strength of the AMOC at 26.5 °N in the (green) control experiment (computed 
from a pre-industrial control simulation) and (blue) the water hosing simulation. As expected, we 
find that the water hosing weakens the AMOC strength for 50 years. In this model, the AMOC then 
starts to recover after the hosing ends. 
 

 
Figure 2: AMOC strength at 26.5°N in the (green) pre-industrial control simulation and (blue) 
water hosing experiment. 

 
In terms of impacts of the AMOC decline in the first 50 years, we focused in particular on 
temperature, precipitation and large-scale atmospheric circulation changes. For what concerns 

North Atlantic Hosing MIP: NAHosMIP  

Objective: To study the key feedbacks controlling AMOC hysteresis/resilience to 

better understand the likelihood of AMOC collapse in the future.

Participants: HadGEM3 (LL/MM); CanESM5; CESM2; MPI-ESM; IPSL; EC-Earth3  

Experiments: 

* Uniform water hosing (0.3 Sv) 

in the North Atlantic;

* Water hosing (0.1Sv) along 

Greenland;

* No water hosing spun off from 

year 20 and 50 of previous 

experiments. 
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temperature and precipitation, we found a general cooling in the northern hemisphere and drying 
over Europe, consistent with previous studies (fig. 3). 
 

 
Figure 3: (left) near-surface air temperature difference between the water hosing (mean of years 
10-29 of the experiment) and the pre-industrial control (mean of 150 years) in winter (DJFM); 
(right) same as (left) but for precipitation. 
 
Further, we computed the moisture budget for the precipitation change (fig. 4), deconstructing the 
moisture change (precipitation minus evaporation) into thermodynamic (fig. 4b), dynamic (fig. 4c), 
transient eddies (fig. 4e), and orography (fig. 4f) processes. We found that the drying over Europe is 
largely driven by a northward shift of the transient eddies over the Nordic Seas. 
 

 
 
We also examined changes in weather regimes and frequency of blocking (not shown). We found 
an increase in the occurrence of positive North Atlantic Oscillation (NAO+) days and blocking over 
northern Europe in winter.  
 
We are currently working on increasing the water hosing years to improve statistical significance 
testing, and we are designing the upcoming experiments to be performed with atmosphere only and 
slab-ocean coupling. Note that we haven’t used the requested storage yet because we used storage 
from other members in our research group, but with the upcoming experiments that we have 
planned, we will have a need for it.  

Fig. 3.1.2: Seasonal (DJFM, JJAS) temperature and precipitation anomalies (years 10-29)
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