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ObjectiveObjectives of BACCHUS

The core idea of BACCHUS is to quantify key processes controlling clouds and climate and their 
feedbacks. This is done by contrasting processes in climate-relevant environments such as tropi-
cal areas as key regulators of climate and the Arctic, which experiences the most profound climatic 
changes and may be prone to irreversible transitions. We combine advanced measurements of 
cloud and aerosol properties with state-of-the-art numerical modeling.  Specifically, BACCHUS 
aims to characterize the importance of biogenic versus anthropogenic aerosol emissions for cloud 
formation and climate. In addition, we evaluate data from well-established sites at the coast of the 
North Atlantic, in the boreal forest, and in the Alps, which enable us to identify relevant parameters 
through long-term observations and to develop methods to critically test the resulting parameteri-
zations and feedback processes.

This core idea has been developed around two central objectives: 

Objective 1: 
To develop a robust methodology to quantify the influence of anthropogenic aerosol on cloud prop-
erties based on the estimate of the background levels of natural aerosols in various environments, 
identification of their sources and their role in aerosol-cloud processes. Emphasis is placed on 
changing cloud properties arising from aerosol-cloud interactions with a particular focus on the 
ice-phase, as well as the involvement of biogenic and organic aerosols in modifying the properties 
of cloud condensation nuclei (CCN) and ice nucleating particles (INP).

Objective 2: 
To characterize and understand the key interactions and feedback mechanisms in the terrestrial 
and marine biosphere-atmosphere-cloud-climate system by building on advanced in-situ observa-
tions, remote sensing, and numerical models operating over a wide spectrum of spatio-temporal 
scales and complexity. BACCHUS focuses on both the terrestrial and marine biosphere.
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BACCHUS proposed to quantify key processes and feedbacks controlling aerosol-cloud
interactions (ACI), by combining advanced measurements of cloud and aerosol properties
with state-of-the-art numerical modelling.



IPCC, AR5, 2013

Motivation



Highlights

- Measurements and data collection during BACCHUS (Julia 
Schmale)

- The Arctic environment and atmosphere-biosphere 
interactions (this talk)

- Importance of pre-industrial aerosols for the
anthropogenic aerosol radiative forcing (Ken Carslaw)



The Arctic environment



Increases in oceanic aerosols & precursors

Sept/Oct Gilgen et al., ACP, 2018



Changes in cloud radiative effects

Sept/Oct Gilgen et al., ACP, 2018



Impact of ship emissions (10 x enhanced)

Jul/Aug
Gilgen et al., ACP, 2018



Impact of ship emissions (10 x enhanced)

Jul/Aug
Gilgen et al., ACP, 2018



The Arctic environment



A BACCHUS Arctic cloud case study with different models

Stevens et al., ACP, 2018
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à Significant differences in key parameters of Arctic clouds 



Atmosphere-biosphere interactions



Atmosphere-biosphere interactions

Sporre et al., ACPD, 2018

Global annual 
mean 
difference in net 
direct aerosol 
forcing (NDF):
-0.06 W m-2



Atmosphere-biosphere interactions

Sporre et al., ACPD, 2018

Global annual mean 
difference in net 
cloud forcing (NCF):
-0.43 W m-2



The Arctic environment:
- Polluted clouds will be thicker, but the responses of different models are very 

diverse
- Ship emissions are less important for the cloud radiative effect than changes in 

the surface albedo
- à Key processes of Arctic clouds remain uncertain

Atmosphere-biosphere interactions:
- Cloud changes associated with increases in secondary organic aerosols are 

more important than direct changes in radiation
- à Changes in the biosphere need to be considered together with 

anthropogenic emissions

Take-home messages




